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Dear friends 
 

Allow me to load your bookshelf with such a heavy stuff in this paperless era. 

 
Nomenclature of genus Oryza, particularly AA genome wild species, has been 

confused. In our earlier reports in this book (mainly Part I), you may find species 
names different from those commonly used at present. Please cut the following list 
that describes valid changes in species names and paste it on a page of Part I. 

 

 
 
 

Names found in the reports  Names commonly used at present Report No.  

O. perennis → O. rufipogon, perennial type 1,2,3,5,8 

O. sativa f. spontanea → O. rufipogon, annual type (=O.  nivara)  

    

O. perennis (in Latin America) → O. glumaepatula 4 

    

O. perennis spp barthii or O. barthii → O. longistaminata 7,9,10 

O. breviligulate → O. barthii  

    

O. perennis (in Australia) → O. meridionalis, not O. rufipogon 11 

    

O. perennis, perennial type → O. rufipogon, prennial type 12,13 

O. perennis, annual type → O. rufipogon, annual type  
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Dedicated to  
the late Dr H. I. Oka 

This is a collection of reports of the study-tours conducted for investigation of 
wild and cultivated rice species by the staff of National Institute of Genetics, Japan, 
and coworkers. These trips were made during 1957 and 1997. The reports were 
submitted after respective trips, but they are not easily obtainable at present because 
they were in the form of mimeographed reports or special publications from NIG. To 
prevent these records from being dispersed and lost, I collected all trip reports to make 
a book. The habitats and populations of rice species described in these reports have 
changed since visited by the authors. Some were lost forever. I believe information 
presented here, though some of them are old and have only historical significance, are 
still of some use for the rice students working in the similar disciplines as ours. 

 
Our trips were realized by financial support from several organizations and kind 

cooperation of the collaborators in various countries whose names were given in each 
report. 

 
May 2002 H. Morishima 
 hmorishi@msb.biglobe.ne.jp 
 Saiwai-cho, 15-2, Hiratsuka, 254-0804 Japan 
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REPORT OF STUDY-TOUR TO INDIA  
FOR COLLECTION OF RICE, 1957 

 
By Hiko-Ichi Oka 

National Institute of Genetics, Misima, Japan 
 

In the fall of 1957, three members of the National Genetics Institute of Japan (Dr. 
Hiko-Ichi Oka, Dr. Tsuguo Tateoka, and Mr. Takashi Narise) ware sent to India and 
other Asian countries en route for study, and collection of rice, especially of wild rice 
species. They left Japan on October 1, 1957, and returned (or will return) to the 
Institute separately (Dr. Tateoka on December 29, 1957; Dr. Oka on January 19, 1958; 
Mr. Narise will stay in Ceylon for more than half a year), while on the return trip they 
visited Ceylon and Taiwan (Dr. Oka alone) where laboratories for this rice study are 
kept. 

Their trip is a part of the project for "Studies on the origin of cultivated rice", 
which the National Genetics Institute of Japan have had since 1957 as a five year plan 
under the grant by the Rockefeller Foundation. On submitting this report, the writer, 
together with two other members, Dr. Tateoka and Mr. Narise, expresses their hearty 
gratitude to Dr. Hitoshi Kihara and other members of the Institute for their kind 
guidance and encouragement, to Mr. S. Sampath (Central Rice Research Institute) and 
many other gentlemen in India and other countries en route for their kind helps during 
the trip, and to the Rockefeller Foundation for their kind support. 
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This report will be treated under the following subjects: 

 
I. Abstract of Diary 
 
II. Observation of Wild and Cultivated Rices 

a) Species of Oryza and their distribution 
b) Variation in the wild rice of perennis type 
c) An introduction to Jeypore Botanical Survey 
d) Cultivation and breeding of rice in tropical Asian countries 

 
III. Collection of Rice Seeds and Other Plant Specimens 

a) Viewpoints 
b) Methods 
c) List of rice seeds collected 
d) Collection of herbarium specimens of grass species (by Dr. Tateoka) 

 
IV. Miscellaneous experiences in the trip 
 
V. Laboratories in Ceylon and Taiwan 

a) Ceylon Laboratory 
b) Taiwan Laboratory 
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I. Abstract of Diary 

October 1(Tu) Left Misima for the trip. 
(1957) 2(We) Left Tokyo airport for Hongkong by TAC (Thai Airways). On the 

way, met two members of "Taiwan Laboratory". Mr. C. H. Hu and 
Mr. W. T. Chang, at the airport of Taipei. Stayed at Hongkong. 

 3(Th) Hongkong to Bangkok by TAC. 
 4(Fr) Stayed at Bangkok. Visited the Rice Department and the 

Kasetart University, and found populations of O. officinalis(?) 
 5(Sa)     and O. rideyi in the suburbs of Bangkok. 
 6(Su) Looked around the city of Bangkok. 
 7(Mo) Bangkok to Calcutta by TAC. 
 8(Tu) Stayed at Calcutta. 
 9(We) 〃  , visited the Indian Statistical Institute to meet Dr. G. B. S. 

Haldane. 
 10(Th) 〃  , visited the office of the Director of Agriculture, West Bengal, 

and other institutions. 
 11(Fr) 〃  , visited Dr. D. Chatterji in the Indian Botanioal Garden. 
 12(Sa) 〃  , visited the Agricultural Research Station at Chinsurah, 

Hooghli (about 30 miles north of Calcutta). On the way, collected 
wild rices (perennis type). Dr. B. C. Kundhu, director of the Jute 
Research Institute visited us in night. 

 13(Su) 〃  , looked around the city or Calcutta 
 14(Mo) 〃  , visited again the Director of Agriculture, West Bengal 
 15(Tu) 〃  , a tour to Canning (about 35 miles south of Calcutta) 

looking for O. coarctata. 
 16(We) 〃   , visited the Consulate General of Japan and other 

institutions. Left Calcutta by night train (Puri Express). 
 17(Th) Arrived at Cuttack, Orissa, in the morning. Visited and Stayed in the 

Central Rice Research Institute. Met Mr. S. Y. Padmanabhan (Dupty 
Director), Mr. S. Sampath, Mr. W. T. Butany, Dr. C. T. Abichandani, 
Dr. S. Govindswamy, and other persons. 

 18(Fr) Looked around laboratories in the Institute. Collected perennis  
 19(Sa)     type wild rices from populations nearby the Institute. 
 20(Su) A tour to Kedar Gauri Temple at Bhuvaneswar, Orissa, by taxi. 

On the way, collected perennis type wild rices. 
 21(Mo) Stayed in the Central Rice Res. Inst., visited several 
    22(Tu)    staff-members, and collected wild rices nearby the Institute. 
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 23(We) Left Cuttack for a tour to Darjeeling area by night train. 
 24(Th) Arrived at Calcutta and stayed. 
 25(Fr) Left Calcutta for Bagdogra, West Bengal, by Indian Airlines. 

Took a taxi from Bagdogra to Darjeeling and stayed. Visited the 
Dupty Commissioner Office and the Botanical Garden. 

 26(Sa) Left Darjeeling for Kalimpong by a jeep. Visited the Agr. 
Experiment Farm of Kalimpong. 

 27(Su) Oka: Kalimpong to Gangtok, Sikkim, by a jeep. Visited Dr. K. L. 
Nansingham, Agr. Director of Sikkim and the Political Officer of 
India for Sikkim, Bhutan and Tibet. 

  Tateoka and Narise: Looked around the Kalimpong area and 
collected seeds of rice and other crops. 

 28(Mo) Oka: Visited the Agricultural Farm of Sikkim Govrn. And 
collected seeds of rice and other crops. Returned to Kalimpong in 
the afternoon. 

  Tateoka and Narise: Visited villages just at the base of 
Himalayan mountains, Shibhok and Siriguri. 

 29(Tu) Visited the Bhutan House in Kalimpong. In the afternoon left 
Kalimpong for Siriguri. 

 30(We) Pagdogura to Calcutta by Indian Airlines. Took Puri Express for 
Cuttack. 

 31(Th) Arrived at Cuttack in the morning. Met Dr. G. B. S. Haldane who 
visited the Central Rice Res. Inst. 

November 1(Fr) Stayed in the Central Rice Res. Inst. looking around the 
 2(Sa)     experiments. 
 3(Su) A tour to the eastern suburbs of Cuttack by bicycle. Collected 

wild rices of perennis type. 
 4(Mo) Gave lecture in a seminary on "the origin of cultivated rice" held 

in the Institute (Oka). 
 
  Tour to Raipur. Madhya Pradesh and Samalkot, Andhra (Oka) 

November 5(Tu) Left Cuttack by night train (Madras Mail). 
 6(We) Arrived at Vizianagaram, Andhra, in the morning and looked 

around the area. Left for Raipur by night train. 
 7(Th) Arrived at Raipur in the morning, visited Mr. B. B. Dave, rice 

research officer and the Agr. Res. Farm. Collected wild (perennis 
type) and cultivated rices. Left for Samalkot by night 

 8(Fr) Changed train at Waltair, Andhra, and stayed at Kakinada Port, 
Andhra. 
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 9(Sa) Visited the Agr.Res.Station at Samalkot, East Godavary District, 
Andhra. Met Mr. A. V. Parthasarathy, superintendent, 
Mr. T. Venkata-Swamy (of Agr. Res. Sta., Maruteru) and other 
persons. 

 10(Su) A tour around the Godavary River delta by taxi, and collected 
wild rices of perennis type. 

 11(Mo) Samalkot to Waltair by train, and visited the Andhra University 
at Waltair. Left for Cuttack, Orissa, by night train. 

 
  Tour to Gunpur and Rayagada areas. Orissa, accompanying with 

Dr. S. Govindswamy for "Jeypore Botanioal Survey" (Narise) (See 
page 12 for detailed information) 

November 6(We) Left Cuttack by a jeep and stayed at Berhampore. 
 7(Th) Started for Gunpur, but the trip was hindered by the flood of 

Vamsalhera River, and stayed at Parlakimedi. 
 8(Fr) Parlakimedi to Rayagadah. 
 9(Sa) Stayed at Rayagadah. 
 10(Su) Rayagadah to Bikranpur. Collected O. granulata. 
 11(Mo) Returned to Bikranpur. 
 12(Tu) Visited to Gudari from Bikranpur. 
 13(We) Bikranpur to Bisamouttack, and took train for Cuttack via 

Vizianagaram. Arrived at Cuttack by Madras Mail in the 
morning of 14th. 

 14(Th) Looked for wild rice populations nearby the Central Rice Res. 
Inst., Cuttack. Met Dr. R. F. Chandler of the Rockefeller 
Foundation who visited the Institute and talked about the rice 
study. 

 15(Fr) A recreation tour to Puri, Orissa, by train and bus, and visited 
the temples. 

 16(Sa) Left Cuttack for South India by Madras Mail. 
 17(Su) The whole day in the train. 
 18(Mo) Arrived at Madras in the afternoon and stayed. 
 19(Tu) Made reservation of flight to Ceylon. Left Madras for Coimbatore 

by night train (Cochin Express). 
 20(We) Arrived at Coimbatore in the morning. Visited the Agr. College and 

the Sugarcane Breeding Station. Met Mr. A. A. Samad, rice 
specialist, Mr. V. S. Raman, cytogeneticist, Mr. P. Chandrasekaraw, 
cytogeneticist, Mr. S. A. Hussainy, sugarcane specialist, and 
other persons. 
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 21 (Th) Visited the Paddy Breeding Station at Coimbatore in the 
morning. In the afternoon, visited to the mountain region 
(Waterfall, about 800m, about 50 miles west of Coimbatore) by a 
jeep, and collected O. granulata. 

 22(Fr) A tour to Ooty (a hill station about 50 miles north of Coimbatore) 
by bus. 

 23(Sa) Coimbatore to Trichur, Kerala, by train. At Trichur, met Mr. P.  
Utterman, rice specialist and other persons, and visited the Agr. 
Farm of the Kerala Government. 

 24(Su) Looked around the suburbs of Trichur by a jeep, and collected 
wild rices (perennis type) in deep water paddy. 

 25(Mo) Trichur to Cochin by train. At Cochin, visited the Coconut 
Breeding Farm. 

 26(Tu) Left Cochin for Trichinopolly, Madras, by train. 
 27(We) Arrived at Trichinopolly in the morning. Left for Colombo, 

Ceylon, by Air Ceylon. Met Dr. K. I. Sakai at the airport of 
Colombo. 

 28(Th) Stayed in Colombo for visas and other arrangements. 
 29(Fr) Colombo to Kandy. 
 30(Sa) Stayed at Kandy with Dr. Sakai, and visited the Botanical 

Garden at Peradeniya. 

December 1(Su) Stayed at Kandy. 
 2(Mo) Visited Dr. Chandraratna in the Department of Agriculture. 
 3(Tu) Visited Mr. Lokuarachchige, systematic botanist, and other 

persons in the Div. of Botany, Dept. of Agriculture. 
 4(We) Kandy to Maha-Illuppallama with Dr. Sakai by an official car. 

Looked around and stayed in the Agr. Res. Station at 
Maha-Illuppallama. 

 5(Th) Returned to Kandy, on the way visited the Rice Breeding Station 
at Batalagoda where experimental works by Dr. Sakai and Mr. 
Narise will be carried out. 

 6(Fr) Stayed at Kandy, and arranged the materials collected. 
 7(Sa) 
 8(Su) 
 9(Mo) Kandy to Colombo to make arrangements for experimental 

works in Ceylon. 
 10(Tu) Returned to Kandy. On the way, Looked around Negombo area, 

and collected wild rices of perennis type. 
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 11(We) Left for the east coast of Ceylon by car, but the trip was hindered 
by the flood of Mahaweli Ganga River at Polonnaruwa. Visited 
the Agr. Experiment Station at Polonnaruwa and returned to 
Kandy. 

 12(Th) Looked for wild rices along the railway from Kandy to Colombo. 
Found them at Yagoda and Veyargoda. 

 13(Fr) Stayed at Kandy. Visited the Botanical Garden at Peradeniya. 

 
 Return trip to Japan, with stopovers in India, Thailand and Taiwan (Oka) 
 
December 14(Sa) Kandy to Colombo by bus. 
 15(Su) Left Colombo for Madras, India, by Air Ceylon. Then, for New 

Delhi by the night service of Indian Airlines. 
 16(Mo) Arrived at New Delhi in the morning. Visited the Indian 

Agricultural Research Institute, and met Dr. B. P. Pal, director, 
Mr. S. M. Sikka, Mr. M. S. Swamynathan, Mr. S. S. Rajan and 
other persons. 

 17(Tu) Gave lecture on "the genetic basis for varietal differentiation in 
rice" in the Indian Agr. Res. Inst. 

 18(We) Left New Delhi for Calcutta by Indian Airlines. 
 19(Th) Left Calcutta for Bangkok by TAC. 
 20(Fr) Visited the Rice Department and the kasetart University in 

Bangkok. Collected wild rices of perennis type in the suburbs of 
Bangkok. 

 21(Sa) Visited Dr. N. Parthasarathy of the FAO Fegional Office at 
Bangkok. 

 22(Su) Left Bangkok for Hongkong by TAC. 
 23(Mo) Stayed at Hongkong. 
 24(Tu) Hongkong to Taipei by TAC. 
 25(We) to January 16, 1958: Stayed in the Taiwan Provincial 

Agricultural College, Taichung, and made arrangements for 
experimental works to be conducted in the laboratory. (See page 
34 for detailed information) 

January 17(Fr) Taipei to Tokyo by TAC. 
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 Return trip to Japan, without stopover (Tateoka) 
 
December 26(Th) Colombo to Madras. India, by Air Ceylon. Left for Calcutta by the 

night service of Indian Airlines. 
 27(Fr) Left Calcutta for Tokyo by TAC. 
 28(Sa) Arrived at Tokyo 
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I II. Observation of Wild and Cultivated Rices 

a) Species of Oryza and their distribution 

The number of species so far named of Oryza is more than sixty, but the same 
species have often been descrived under different names by different botanist. 
Chatterji (1948, Ind. Jour. Agr. Sci. 18) has carefully rearranged the descriptions, and 
has concluded that the actual number of species may be 23. A new species, 
provisionally called O. malabarensis in India, was added recently from South India; 
the number of species may then be 24. 

Mr. S. Sampath of the Central Rice Research Institute of India is of the opinion 
that the species may conventionally be classified into the four groups as given below. 
This classification seems to be useful for understanding the species as materials for 
our genetic experiments. 

 
Group I. Cultivated species (2x) 

1*. O. sativa All over the world. Intraspecific differentiation  
is remarkable. 

2*. O. glaberrima West Africa. It is still questionable if this is a  
different species from sativa. 

Group II. Wild species closedly related to cultivated ones. 

3*.. O. sativa var. spontanea (2x) Tropical Asian countries.  
(See discussions given later) 

4*. O. perennis (2x) All over the world. To be understood as 
a general name of the group 

 a*. Indian type (Balunga) 

 b*. Burmis type 

 c*. Indo-Chinese type 

 d*. Formosan type (var. formosana) 

 e*. var. Cubensis Tropical America 

 f*. var.grandiglumis South America. The nature of this 
species is questionable. 

 g*. var. Barthii West Africa 

 h*. var. Sudanensis East Africa 

 g*. var. longistaminata Ceylon (?) 

5*. O. breviligulata (2x) West Africa 

6*. O. australiensis (2x) Australia 

7. O. staffi (4x) West Africa 
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Group III. Officinalis group. 

8*. O. officinalis (2X) India, Burma and Borneo.  
Variations are known. 

9*. O. malabarensis (4X) A new species from South India. 

10*. O. eichingeri (4X) East Africa. 

11*. O. latifolia (4X) Central and South America. 

12*. O. alta (paraguay) (4X?) South America. 

13*. O. minuta (4X) Malaya, Philippine and Indonesian 
islands. 

Group IV. Granulata group. 
This groups includes different species which might be quite distant from each 
other, while all the species are so distant from sativa that artificial 
hybridization with sativa might be extremely difficult. 

14. O. mayeriana (2x?) Philippines and Indonesia 

15*. O. granulata (4x) Tropical Asian countries. 

  These two species are so similar that 
it is difficult to distinguish them. 

16*. O. ridleyi (4x) Malaya, Thailand, Borneo, New Guinea 

17*. O. branchantha (2x) West Africa 

18(*). O. coarctata (4x) India. 

(* indicates species collected) 

19. O. punctata  East Africa. Similarity to officinalis is suspected. 

20. O. perrieri  Madagascar. 
Because of the absence of living 
specimens, the nature of these species 
is unknown. 

21. O. tisseranti  Central Africa 

22. O. schlechteri  New Guinea 

23. O. sublata  South America 

In India, the following five wild species are known. 

Species Season of maturity Habitat 
O. sativa var. spontanea 
(often called fatua) 

Oct - Nov Marshy land and paddy field 

O. perennis Nov Relatively deep water 

O. officinalis ? Mountain regions in Assam 

O. granulata Sep - Dec? Forest in mountain rogions of Orissa  
and Madras 

O. coarctata Nov Land with salinity, West Bengal 

Ceylon is known to have the same species as those in India, except for   
O. coarctata.  But they are not so plenty as in India. 
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Thailand may have the following five wild species. 

Species Season of maturity Distribution 

O. sativa v. spontanea Nov - Dec Central plain 

O. perennis Nov - Dec (Indistinguishable from the above) 

O. ridleyi Oct (?) Southern part 

O. officinalis Oct Central part 

O. granulata Throughout a year Western part 

  
In Taiwan, three small populations, almost relic, of O. perennis (or O. sativa var. 

spontanea) are found in Tao-Yuan Prefecture (northern part). They come to maturity 
twice a year, in May-June and in September-October. 

In the mainland of China, a species of wild rice, which might be perennis or 
spontanea, is found in the delta area of Kwangton. It is worthy noting, further, that a 
wild species, which is of floating habit and bears "Japonica-like" seeds, is found in 
marshy areas northeast of Nangking (Chou 1948, Jour. Rice Soc., China 7). 

In general, it may be said that most wild species of Oryza have their habitats in 
marshs or in the water of ponds and lakes, and reach maturity in fall when the 
day-length becomes shorter.  However, some species are shade-loving plants 
growing in forest and are usually found in mountain regions. Further, a special 
species       O. coarctata, is limited to the marshy land with salinity at the outfall of 
big rivers in India. 
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b) Variation in the wild rice of perennis type. 

Oryza perennis is the most popular wild rice in marshs or lakes in India and 
other tropical Asian countries. Their distribution however seems to be limited to the 
plain region of the countries. The writer has experienced that in the Himalayan 
mountains in Darjeeling area no wild rice is found at all, while just at the base of the 
mountains or at the fringe of the plain region, wild rices of perennis type can be easily 
found. 

As given in the list in the previous section, this species may be regarded to be a 
group including many different genotypes. It is known that this species can generally 
be crossed with cultivated varieties of rice, though crossing is sometimes difficult for 
various reasons, and the F1 plants show no disturbance in chromosome pairing 
(Sampath and Rao 1951, Ind. Jour. Gen. & Pl. Breed., 11). O. perennis thus seems to be 
the wild species nearest to O. sativa. 

O. sativa var. spontanea (often called O. fatua in India) has been considered by 
Chatterji (1951, Ind. Jour. Gen. & Pl. Breed. 11) to be a distinct species, perhaps based 
on examination of herbarium specimens. It seems that in some places in India, O. perennis 
and O. sativa var. spontanea can actually be distinguished by morphological as well as 
ecological differences as follows: 

 
 O. perennis O. sativa var. spontanea 

Stem length Long Short  

Panicle shape Open Closed 

Grain shape Slender Coarse 

Habitat Deep water Marshy land 

 
However, the variation between the two species seems to be continuous in some 

other places. A series of gradations from typical perennis to spontanea was clearly 
found in Cuttack, Orissa as well as in Raipur, Madhya Pradesh, India, and some 
populations appeared to be just intermediate between the two species. The perennis 
type wild rices in Thailand and in Formosa may also be intermediate. 

Thus, the perennis type wild rices found in India and other tropical Asian 
countries are considerably various. Differences in grain size and in panicle shape are 
easily recognized. This suggests that they have variations in many characters. It 
seems that they are cross-fertilized with a relatively high percentage, while the 
percentage may differ according to genotypes and environmental conditions (Oka 1957, 
Rep. Nat. Inst. Gen. Japan for 1956). It is thus most probable that they have 
potentially a large amount of genetic variability between and within populations. How 
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is the extent of the genetic variability if displayed by self-fertilization or by 
hybridization? What is its relation to the intervarietal variation in cultivated rice, 
especially to the differentiation of the Indica and Japonica types? 

The writer has observed in the same paddy field Cuttack, Orissa, a complete 
series of different types varying from perennis to a cultivated variety. This might be 
due to hybridization between the wild and cultivated strains and mixing of hybrid seed 
with the seed which the farmer has sown. Further, at Raipur, Madhya Pradesh, the 
farmers have a trouble that a spontanea typs wild rice invade into their paddy field as 
a weed. The wild rice has a so similar appearance as the cultivated varieties that it 
cannot be weeded, and brings about a loss of grain yield as high as 30% (Dave 1943, 
Ind. Jour. Agr. Sci. 13). The rice breeders there have selected strains with a purple 
coloration on leaves so as to make the weeding easy. The writer has found at Raipur, 
however, as the results of hybridization, colored wild rices have already occurred 
around the field of colored varieties. 

In this area, wild rices are plenty and various. First, in water tanks for irrigation, 
a typical perennis is found. Secondly, in marshs in open waste land, many populations 
of spontanea are found. The spontanea which has been established as a weed to paddy 
field appears to be somewhat dissimilar from the typical spontanea in marshs; they 
have rather erect statue and relatively large and compact panicles. Thirdly, 
segregating populations, which seem to be due to hybridization between the spontanea 
and cultivated varieties, were found plenty around the paddy field. It then seems that 
the spontanea established as a weed might have been selected from the segregating 
populations and have had a genotype which furnishes an adaptability in propagating 
together with the cultivated variety. 

As mentioned above, natural hybridization seems to go on forming a connecting 
bridge between wild and cultivated genotypes, always contributing an amount of 
genetic variability to the cultivated varieties. The writer has thus come to the view 
that the origin of cultivated rice, which might have started several thousand years ago 
at some places in tropical Asia, may still be going on at this time being. 
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c) An Introduction to Jeypore Botanical Survey. 

Jeypore is the name of a small town in the west part of Orissa State, India, while 
in the area around Jeypore an extremely wide range of variation both in cultivated and 
wild rices has been found, and the area was speculated to be a center of origin of 
cultivated rice (Ramiah 1953; Ind. Council Agr. Res., Monograph 19). In order to get 
breeding materials for hybridization work, the Indian Council of Agricultural Research 
has started a three year plan to survey and collect cultivated as well as wild strains 
from the tract. 

The tract, about 10,000 square, miles, and about 70% being under forest, has 
never been under the influence of modern civilization; the people as well as their 
agriculture are so primitive that it is obvious that no improved rice variety has been 
introduced. In the valleys, rice is cultivated in terraced paddy. However, in most of the 
areas, a "shifting" cultivation (called Podu) is being practiced. It consists in buring the 
forest, working up the land with hand tools. The crop is harvested with sickles, but 
ploughing, transplanting, weeding, irrigation, fertilizer application, etc. are still 
unknown. After three or four years, the site is abandoned and the cultivation is shifted 
to another hill slope. 

The tract is largely divided into three areas: Nowrangapur, Koraput and 
Rayagada. A brief description of climatological and ecological conditions in those areas 
is given as follows: "The soils of Jeypore plateau are shallow and sandy in high lands 
and at many places heavily washed down exposing the rock substratum. The plains 
have rich deep loams. This tract bears a limited area of stunted forest growth. The 
vegetation is of dry deciduous type varying in density due to shifting cultivation. In the 
plains around Boriguma, Kotpad and B.Singpur, rice is extensively cultivated, mostly 
broadcast. Malkangiri plateau is situated in the south-west of Koraput district and is 
warmer and more humid than Jeypore plateau. The plains round about Malkangiri, 
Mathili, Govindapally and Kalimella have soils which are rich, deep and loamy in 
texture. Around Motu and Podia soils vary from sandy to loamy. The deposits from 
streams and rivers in this area contribute to the fertility of the soil. The entire plateau 
is dotted with mixed dry deciduous forests. Fairly dense forests occur in the south and 
south-eastern parts. Due to the varied tropographical features, lack of proper 
communication and intersection of nullahs and rivers, many of the villages are isolated. 
Each and every village has its own varieties of rice which have been grown from the 
time immemorial. The annual rainfall of this district varies from 50 to 70 inches. The 
monsoon starts usually by the middle of June and extends upto the end of September 
or beginning of October". 
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Dr. S. Govindswamy was appointed by the Council to be in charge of the project, 
and he started the work since 1955. After trips in these areas, he has collected in 1955 
about 700 cultivated and 23 wild strains mainly from Koraput area, and in 1956 about 
360 cultivated 90 wild strains mainly from Nowrangapur area. The wild strains were 
of perennis type except for one strain of O. granulata. The wild as well as cultivated 
strains showed a wide variation in grain size. In field experiments at the Central Rice 
Res. Inst., Cuttack, they displayed a striking variability in different morphological and 
physiological characters. Among the cultivated strains, a few had glutinous endosperm, 
long empty lemma, and other special features. Among the wild strains, a few were 
awnless, though wild rices are generally awned. It might be worthy mentioning, 
further, that looking around the experimental field, the writer has found a few 
cultivated forms seemingly similar to the socalled Japonica type. 

When the writer's party was staying in Cuttack, Dr. Govindswamy was kind 
enough to take Mr. Narise as a member of his team visiting to Reyagada and Gunpur 
area. Mr. Narise could obtain a number of strains from populations which seemed to be 
well isolated from each other. 
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d) Cultivation and breeding of rice in tropical Asian countries. 

(The writer's lecture given in the Taiwan Provincial Agricultural College in 
January, 1958, will be presented in substitute for this report.) 

1. Yield of Rice in Different Countries. 

It might be of primary interest to compare the statistics of rice yield in different 
countries for those who want to look into the present status of rice cultivation in South 
Eastern Asia. The figures quoted from International Rice Yearbook 1957 are given in 
Table 1. The table shows that tropical countries generally have lower yield than the 
countries in temperate region. The reason for this fact might be one of the most 
important in discussing how to improve rice cultivation in tropical countries. 

Cultivation methods can largely be grouped into "transplanting method" and 
"direct seeding method". It is generally experienced that the former is better than the 
latter, because by the former method growth of seedlings can carefully be supervided, 
uniformity of growth can be assured, can weeding can be practiced efficiently. However, 
direct seeding is predominantly practiced in tropical Asian countries. For instance, it 
covers about 85% of rice field in India. The direct seeding method has been continued 
from ancient times by farmers, though the transplanting method might also be of 
ancient origin. It seems that direct seeding is linked with rain-feeding of paddy fields if 
no irrigation water is available, the correct time of transplanting may often be missed, 
due to a delay of rainfall, resulting in a decline of growth and yield after transplanting. 
This is a reason for the prevailing of direct seeding. Construction of irrigation systems 
is the most important in tropical Asian countries. 
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Table 1. Rice yield per hector in different countries. 

Country Yield (ton/ha) 

1934-38 1955 

ASIA   

Iran 1.93 1.32 

Turkey 1.88 3.52 

Indo-China 1.16 1.09 

N. Borneo 0.63 1.67 

Burma 1.41 1.48 

Ceylon 0.99 1.57 

India 1.37 1.28 

Java 1.58 1.65 

Japan 3.63 4.81 

S. Korea 2.24 2.79 

Malaya 1.72 1.97 

Pakistan 1.49 1.35 

Philippines 1.09 1.19 

Taiwan 2.47 2.68 

Thailand 1.29 1.43 

SOUTH AMERICA   

Argentina 2.85 3.30 

Brazil 1.43 1.64 

British Guiana 2.48 2.66 

Paraguay 2.04 1.90 

NORTH & CENTRAL AMERICA   

Costa Rica 1.10 0.96 

Cuba 1.09 2.48 

Mexico 2.10 1.68 

Puerto Rico 0.48  

U. S. A. 2.47 3.29 

AFRICA   

Congo 1.01 1.09 

Egypt 3.49 5.19 

French W. Africa 0.70 0.75 

Madagascar 1.23 1.39 

EUROPE   

Italy 5.21 5.10 

Portugal 3.11 4.79 

Spain 6.23 5.95 

Australia 4.50 4.59 

World Average 1.54 1.56 
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In India, the so-called "Japanese method" is recommended. It essentially consists 
in line transplanting (of seedlings carefully grown in a nursery bed with a proper 
density of seeding) and application of chemical fertilizers. It has been known that this 
method brings about a 15-80% increase in yield, as given in Table 2. 

Table 2. Japanese method of paddy cultivation in India. 

   1953-4  1954-5  1955-6 

Area covered (ha) 162,000 534,000 814,000 

Average yield (Kg/ha)    

By local method   1,510   1,180   1,217 

By Jap. method   2,361   1,867   2,278 

 

Some persons believe that the temperate climate is necessary for a high yield of 
rice. As discussed later, this view might be partly true. However, we have evidence for 
that a high yield, not inferior to that in temperate countries, can be obtained under 
tropical climate, in so far as an intensive cultivation is practiced. One example for this 
is Godavary River delta area in Andhra State, India, where irrigation systems have 
been beautifully built up since many years, and a high yield of more than 3 tons/ha is 
obtained over a half million hector area. We have another example in Taiwan. In the 
second crop in South Taiwan, the conditions for rice are purely tropical, while they 
have a high yield with both native and "Horai" varieties, though the latter belongs to 
the Japonica type. 

2. Problems related to the Crop Season. 

A knowledge about crop season is important for talking about yield. We have a 
two-crop system in Taiwan, which may serve as a basis for further discussion. The 
cultivated varieties in Taiwan consist of the native (Indica) and "Horai" (Japonica) 
varieties. If the "Horai" variety was used, the same variety can be grown in both crops, 
while with native varieties, those of the. "Second-crop-habit" (sensitive to day-length) 
can only be grown in the second crop. Varieties of the "first-crop-habit" (non-sensitive 
to day-length) tend to have a larger number of tillers and a better yield in the first crop 
than in the second crop. 

Growing-season experiments throughout a year (using the same variety) were 
carried out in Taichung as well as in Pington, Taiwan. The results have demonstrated 
that the best season for growing rice is the actual first or second crop season, and 
intermediate seasons give lower yields. It is apparent that the low temparatures in 
winter damage the rice crop. But, why yield becomes smaller in summer (seeding in 
April or May) is much more difficult for explanation. Sometimes, an lntermediate crop 
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may give a very good yield, but generally it does'nt. In the intermediate season, insect 
pests prevail, but we find further reductions in tiller number and seed fertility. These 
responses naturally differ according to the given variety and environmental conditions. 
Nobody has fully clarified the reasons for this, but studies on this feature seem to be 
essential for a better understanding of rice culture in tropical countries. Here, it should 
be noticed that the two-crop-system in Taiwan is well adapted to the behavior of rice 
under the natural environment. 

However, the two-crop-system depends upon the well developed irrigation 
systems in Taiwan; if irrigation is not available, rice crop should depend only upon 
natural rainfall. In such a rain-fed paddy, the crop season starts with the summer 
monsoon, and will become the so-called "intermediate crop". As mentioned above, it 
cannot produce so good yield as the first or second crop. Further, in this case, since rain 
comes at different dates year by year, farmers cannot safely prepare their nursery bed. 
They will rather prefer direct seeding. If they want a relatively invariable vegetative 
growth and a definite time of maturity in such a rain-fed paddy, they may prefer a 
photosensitive variety which due to its sensitivity safely continue vegetative growth 
under the long-day in summer and initiate flower buds at a certain date in fall. Some of 
them grow so rapidly that they may stand in a deep water paddy. However, these 
photo-sensitive varieties generally have a low response to nitrogenous fertilizer (Oka 
1956; Jour. Agr. Assoc., China, 13), and it is experienced that their productive capacity 
is also generally low. 

In tropical Asian countries, the two-crop-system as in Taiwan has not developed 
yet. In their rain-fed paddy, the crop season is intimately linked with natural rainfall. 
However, since the temperature is high enough for more than two crops of rice, they 
grow an additional crop where they can get water in the dry season. For the main crop 
in the rainy season, photo-sensitive varieties are generally used, but nonsensitive 
varieties of a short duration (mainly upland varieties) cover a small area. In the 
additional crop, non-sensitive varieties are generally used. The following table gives an 
outline of growing seasons in Asian countries. 
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Table 3. Crop season of rice in Asian countries. 
 Main crop Additional crop 

Country Seeding Harvest Seeding Harvest 

Japan Apr-May Sep-Oct   

Taiwan July (2nd crop) Oct Jan-Feb (1st crop) May-June 

Philippines May-June Oct-Nov Oct-Jan Mar-May (various) 

Thailand May-June Nov-Dec (Various)  

India     

Bengal June (Aman) Nov-Dec 1) Dec (Boro) 
2) Mar-Apr (Aus) 

Mar-Apr 
June-July 

Andhra May-June Nov-Dec Dec (2nd crop) Apr-May 

Kerala May-June Sep-Oct 1) Feb 
2) Sep 

1) May 
2) Dec 

Ceylon Sep (Maha) Feb May (Yala) Aug 

 

In accordance with the variation in rainfall, crop seasons in tropical Asian 
countries are complicated. They also differ locally according to topographic situations. 
It seems to be highly important in these countries to carry on growing-season 
experiments under irrigation to find out what the naturally given optimum seasons are, 
and to look into the interaction between genotypes and environments in more detail. If 
irrigation systems were constructed much more in future, and the problems related to 
crop season were explored in more detail, the rice culture in these tropical countries 
may have a good basis for rapid advancement. 

 

3. Physiological characters in the Indica and Japonica varieties. 

Cultivated rice varieties can be largely grouped into the so-called Indica and 
Japonica groups. In this classification, it should be noticed that the Japonica does not 
always mean Japanese varieties, but includes varieties widely distributed in 
Indonesian and Philippino islands, which the writer has called the "Tropical-Insular 
group" in his papers. It should be kept in mind, further that the two groups have no 
clear discrimination and some varieties may fall in the intermediate. 

The Indica and Japonica groups differ in so many characters that it is difficult to 
present a list of differences. From the view point of agronomy, the most important 
might be differences in fertilizer response, photo-periodic response, temperature 
response, drought resistance, degrees of shedding and lodging, and disease resistances. 

Regarding fertilizer response, it is well known that the Japonica varieties 
generally have higher responses than the Indicas. It was pointed out by the writer 
(Oka 1956; Jour. Agr. Assoc., China 13) that among the Indica varieties, photo-sensitive 
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ones tended to have lower responses than non-sensitive ones. Further, in the same 
variety, high temperatures let the fertilizer response low, and the rate of lowering of 
fertilizer response due to high temperatures was found to be higher in the Indica 
varieties than in the Japonicas. Those photo-sensitive Indicas are the leading varieties 
in tropical Asian countries, and they are grown under high temperatures. For this 
reason, we find a very low -- sometimes negative -- fertilizer response in those 
countries. 

Lodging is another important feature in this connection, which is related to the 
tolerance to fertilizer. The Indica varieties, which generally grow tall and have weak 
straw, tend to lodge before maturity. 

If an intensive cultivation with irrigation could be practiced, a high fertilizer 
response will be essential for attaining a high yield. Under a less intensive condition, 
non-lodging might be more important. From this view point, fertilizer response and 
non-lodgingness are now seriously considered in tropical Asian countries. 

Regarding photo-sensitivity, it is known that the main-crop varieties in tropical 
Asian countries are generally sensitive. The writer has formerly pointed out (Oka 
1954; Jap. Jour. Breed. 4) that in all countries, except for the regions under the equator 
and the northern most part of rice culture, there are both sensitive and non-sensitive 
varieties, while within the sensitive group, the lower the latitude of distributing area, 
the higher is the sensitivity. This seems to be an adaptation to the range of daily 
change of day-length which becomes smaller at lower latitude. The equatorial region 
has the same day-length throughout a year, so that no sensitive variety can exist. 

However, we don't know much about the agronomic merit and demerit of 
photo-sensitivity in rice. It seems that, as mentioned before, sensitivity is a safety 
mechanism which assures a constant growth and flower initiation under varying 
environments. If this is the case, it may in turn mean a dull response to "good" 
agronomic conditions in an intensive cultivation. In Taiwan, the modern, advancement 
in rice culture was made by establishing the "Horai" varieties, which are generally 
non-sensitive to photo-period. The writer thinks that nonsensitive varieties may 
perform better than sensitive ones in tropical countries, so far as an intensive 
cultivation is practiced. 

Regarding temperature response, the writer's view is that it can be measured 
only in photo-non-sensitive varieties (Oka 1954 Jap. Jour. Breed. 4). The temperature 
response can be divided into two: the rate of acceleration of vegetative growth (or 
germinating speed) due to rise of 1℃, and the rate of hastening of flower initiation due 
to rise of 1℃. The Indica varieties generally tend to have higher rates in the former 
response, while lower rates in the latter than the Japonica varieties. This seems to be 
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an adaptation of Indica varieties to high temperatures. However, as mentioned before, 
temperature response should be considered in relation with fertilizer responses. 

In addition to the physiological responses mentioned above, we should further 
consider drought resistance, flood resistance, salinity resistance and others. Regarding 
drought resistance, the writer's view is given in his recent publication (Oka 1957; Jour. 
Agr. Assoc. China, 18). Flood resistance might be of twofold: growth rate to compete 
with the rise of water level, and a surviving ability under water. Varietal differences in 
flood resistance have been reported in India, but no detailed study has been carried out. 
Salinity tolerance is also known to differ among Indian varieties. Varieties with the 
highest tolerance can stand against nearly 0.5% salinity, while ordinal varieties are 
damaged by less than that concentration. 

Regarding disease resistance, blast disease resistance would be the most 
important. In Japan, it is believed that the Indica varieties are generally resistant. 
This is not correct, especially in regard to the "neck-blast". In Coimbatore, India, 
varietal variation in the resistance has been worked out in detail. 

As mentioned above, many different physilogical character, which are 
agronomically advantageous or disadvantageous, are scattered in the Indica and 
Japonica varieties. It is naturally desirable to recombine them to make up new 
adaptive genotypes. 

 

4. Rice Breeding in Tropical Asian Countries. 

Rice breeding by the modern scientific method has started in Japan in about 1905, 
in Taiwan in about 1910, in China in about 1920, and in India in about 1925. The first 
step was varietal experiments to select and recommend good varieties. Then, pure-line 
selection and hybridization followed. However, in many tropical Asian countries, a 
systematic rice breeding project has been put into practice mostly after the War, or 
after their independence. They are conducting varietal experiments, pure-line 
selection and hybridization at the same time. 

In the Philippines, the most important object of breeding is to obtain non-lodging 
high yielding varieties. They have a wide range of varietal variation from lowland to 
upland varieties, some of which belong to the "Tropical-Insular group". The center of 
rice breeding is the Rice Research Station, Maligaya, Munos, while researches are also 
made in the College of Agriculture at Los Banos. One of their preliminary achievement 
was the breeding of "milfor-6", which was a non-lodging Indica type varieties and was 
obtained from hybridization between an Indica and a Tropical-Insular variety. 
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In Thailand, breeding program was inaugurated in 1950 simultaneously along 
three lines: varietal trial, individual selection and hybridization, aiming at the most 
adapted varieties in maturity type, highest yield and quality. They have nine 
agricultural research stations dealing with rice, the center being the experiment 
station at Bangkehn, near Bangkok. 

In India, they have 76 research stations dealing with rice. The objects of breeding 
are high yield, high fertilizer response, earliness, flood resistance, salinity resistance, 
drought resistance, lodging resistance, non-shedding, a stronger seed dormancy and 
others in different stations. Formerly, the center of rice breeding was the Agricultural 
College and Experiment Station, Coimbatore (Madras Stata) together with the center 
of sugarcane breeding but now important works are carried on in agricultural research 
stations at Chinsurah (West Bengal), Samalkot (Andhra) and other places, in addition 
to the Central Rice Research Institute, Cuttack (Orissa), which was open in 1947. They 
released in total 394 improved varieties from pure-line selection, and 51 from 
hybridization by 1955. However, it seems that they have difficulties for developing 
extension service. 

In these tropical countries, they are mainly using the so-called pedigree method 
for hybridization breeding. In Japan, however, the bulk method is considered to be 
more advantageous, in so far as breeding could be carried out on a certain largo scale. 
It seems that breeding technique should also be studied intensively In these countries. 

As stated before, it is desirable to recombine good characters scattered in the 
Indica and Japonica varieties. Hoping to introduce the high fertilizer response and 
non-lodgingness of Japonica varieties into the Indicas, which are generally grown in 
tropical Asian countries, the FAO has decided to try Indica-Japonica hybridization on a 
large scale, and has started the work since 1950. They made about 120 crosses by 1955 
at the Central Rice Research Institute, Cuttack, India, where they settled the 
headquater, and the F2 seeds were distributed to a number of experiment stations, in 
India and other Asian countries for further selection. However, this hybridization 
breeding is a technically difficult work; foundamental researches are needed regarding 
the nature of hybrid sterility and the method of selection. Thus, difficulty was reported 
from different countries. But, some selections from the crosses, for instance, those 
selected in the Samalkot Agricultural Research Station, Andhra, India, are apparently 
successful in achieving the initial purpose. Further continuation of the work would be 
desired. 

In addition to the FAO, the Colombo Plan is another important rice breeding 
activity in tropical Asian countries, though it is now mainly working only in Ceylon.  
In this country, rice culture is still at a rather primitive situation, since they have 
made efforts for improvements of special crops such as tea and rubber, according to the 
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colonial policy of Britain. They have recently started several rice research stations in 
different parts of the island, and are conducting rice breeding with the aid of Japanese 
experts. 

Finally the Rockefeller Foundation is also making efforts for better rice culture in 
Asian Countries. They have a series of grants for this purpose. A grant for 
foundamental genetic study of rice was recently given to the National Institute of 
Genetics of Japan. 



 

 
- 25 - 

III. Collection of Rice Seeds and Other Plant Specimens. 

a) Viewpoints 

Collection was made along two lines: 1) to obtain different species of Oryza as 
extensively as possible, and 2) to make random sampling of panicles from wild 
populations of perennis type. 

b) Methods 

Seeds were taken from wild populations directly, in so far as it was possible. 
However, a difficulty was that wild rices generally shed seeds before maturity. 
Stubbles were taken when no seed was available.  

It was experienced that in Northern India (West Bengal, Orissa, and Madhya 
Pradesh; 20°-30°N), late October to late November was the good season for collection, 
while in Southern India (Andhra, Kerala, etc.), in Ceylon and in Thailand, late 
November to December was good. Some wild species (O. granulata, O. ridleyi, O. 
officinalis, etc.) however emerge panicles in different seasons, or throughout a year 
without a particular season. 

c) List of Rice Seeds Collected. 

I. Different species of Oryza 

1. (W001) O. ridleyi; 5/10/57, Bangkok (Wat Mai Tang Luang Temple, Nonburi) 
Under forest. (43 plants) 

2. (W002) O. officinalis(?); 5/10/57, Bangkok (The same place as above) Under forest. 
(24 plants) 

3.  O. coarctata; 15/10/57, Canning, West Bengal, India. In marsh with about 
1% salinity. (Stubble) 

4.  (W003) O. granulata; 10/11/57, Durgi, Gunpur area, Orissa, India. Along a stream 
under forest. (Bulk) 

5. (W004) O. granulata; 22/11/57, Coimbatore, Madras, India(Waterfall, 57 miles 
west of Coimbatore, altitude being about 2,500ft) Under forest. (Bulk) 

6. (W005) O. granulata; 10/12/57, Rambukkana, Ceylon. Under forest.(Bulk) 
7. (W007) O. officinalis; 10/12/57, Rambukkana, Ceylon. Under forest. (Bulk) 
8. (W006) O. officinalis; 8/12/57, Batalagoda, Ceylon. Under forest. (Bulk)  

 From Mr. S. Sampath of Central Rice Res. Inst., Cuttack, India 
9. (W008) O. australiensis 
10. (W009) O. breviligulata 
11. (W010) O. officinalis, Borneo 
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12. (W011)     〃     , Burma 
13. (W012)     〃     , Mutant-I (with translocation) 
14. (W013)     〃     , Mutant-II (    〃    ) 
15. (W014)     〃     , Ceylon 
16. (W015) O. eichingeri 
17. (W016) O. minuta, Surinam 
18. (W017) O. alta, Surinam 
19. (W018) O. alta, Paraguay (from USDA) 
20. (W019) O. latifolia, Cuba 
21. (W020)     〃     , Guatemala 
22. (W021) O. malabarensis 
23. (W022) O. granulata 
24. (W023) O. brachyantha 
25. (W024) O. glaberrima, Normal type-I 
26. (W025)     〃    , Normal type-II 
27. (W026)     〃       , Awned type 
28. (W027)     〃       , Broad leaf type 
29. (W028)     〃       , Long empty lemma type 
30. (W029) O. perennis, Barthii-I 
31. (W030)     〃     , Barthii-II 
32. (W031)     〃     , sudanensis 
33. (W032)     〃     , cubensis 
34. (W033)     〃     , Burmis 
35. (W034)     〃     , grandiglumis 
36. (W035)     〃     , longistaminata (from Coimbatore) 

II. Special genotypes of O. sativa for genetic studies. 

1. True breeding semi-sterile type -I (from Mr. Sampath) 
2.      〃                       -II (  〃  ) 
3. Clustered grain type (from Cen. Rice Res. Inst.) 
4. Long empty lemma type (  〃  ) 

III. O.perennis - O.sativa spontanea; Populations from different localities. (In bulk) 

1. (W101) 19/10/57, Patna, Cuttack, Orissa, India. In marsh. 
2. (W102)    〃   , A different part of the above population. 
3. (W103) 3/11/57, The same population taken at a different date. 
4. (W104)    〃   , A cultivated variety in the adjacent paddy 
5. (W105) 10/20/57, Balikada, near Cuttack, Orissa, India. In marsh. 
6. (W106)    〃   , Phulankara, 5 miles from Cuttack. In marsh. 
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7. (W107)    〃    , Pahala, near Bhuvaneswar, Orissa. (Harvested by a local woman) 
8. (W108) 22/10-2/11/57, Cuttack, Orissa, India (near Cen. Rice Res. Inst.)  
    In a water-tank, about 1m depth. 
9. (W109) 31/10/57,  
10. (W110) 1/11/57, The same population as above, taken from 
11. (W111) 2/11/57,    different parts of the water-tank. 
12. (W112) 22/10/57, 
13. (W113) 1/11/57, Cuttack, Orissa, India (in Cen. Rice Res. Inst.) In a water-tank. 
14. (W114)    〃  ,   
15. (W116)    〃  ,    Taken from different parts of the same population. 
16. (W118)    〃  , 
17. (W119) 22/10/57, 
18. (W120) 1/11/57, Mixture of seeds of W113-8. 
19. (W121) 4/11/57, In an irrigation canal at the gate of Cen. Rice Res. Inst., Cuttack. 
20. (W122) 3/11/57, 5 miles east of Cuttack, Orissa. In marsh. 
21. (W123)    〃   ,     〃 
22. (W124) 7/11/57, Parlakinedi, Gunpur, Orissa. In marsh. 
23. (W125) 8/11/57, Naguru, Gunpur, Orissa. In marsh. 
24. (W126) 8/11/57, Ondava, Gunpur, Orissa. In a water-tank. 
25. (W127) 8/11/57, Kondapta, Gunpur, Orissa. 
26. (W128) 10/11/57, Budina, Gunpur, Orissa. In a water-tank. 
27. (W129) 10/11/57, Boliguma, Gunpur, Orissa. In marsh. 
28. (W130) 11/11/57, Khilapadar, Gunpur, Orissa. In a water-tank surrounded by  

    paddy field. 
29. (W131) 12/11/57, Sanyasigude, Gunpur, Orissa. In a water-tank. 
30. (W132) 10/11/57, Samalkot, Andhra, India. In marsh near railway. 
31. (W133) 10/11/57, Bicavole, Samalkot, Andhra. In marsh. 
32. (W134) 10/11/57, Kesavaram, Samalkot, Andhra. In marsh. 
33. (W135)    〃    , The same above. White awned. 
34. (W136) 10/11/57, Kadiam, Samalkot, Andhra. In marsh. Open panicle type. 
35. (W137)    〃    , The same above. Closed panicle type.  
36. (W138) 23/11/57, Trichur, Kerala, India. In marsh. 
37. (W139)    〃    ,     〃 In a water-tank. 
38. (W140) 24/11/57, Ooragam, Trichur, Kerala. In a deep water paddy. 
39. (W141) 24/11/57, Kattor, Trichur, Kerala. In a deep water paddy. 
40. (W142)    〃    ,      〃                       〃 
41. (W143) 10/12/57, Negombo, Ceylon. In an irrigation canal. 
42. (W144) 12/12/57, Yagoda, Ceylon. In a deep water paddy. 
43. (W145) 20/12/57, Bangkok, Thailand. In marsh near Kasetart Univ. 
44. (W146) 20/12/57, Bangkok, Thailand. In marsh near railway. 
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45. (W147) 13/11/57, Patna, Cuttack, Orissa, India. 
46. (W148)    〃   ,    〃  
  Mixture of wild and cultivated plants in a paddy field. 
47. (W149) 7/11/57, Raipur, Madhya Pradesh, India. In a water-tank. 
48. (W150)    〃    ,     〃 In a paddy field. 
49. (W151)    〃    ,     〃 A segregating population. 
50. (W152) 12/10/57, Taragoone, Hooghly, West Bengal, India. In marsh. 
51. (W153) 15/10/57, Canning, West Bengal, India. In a deep water paddy. 

 

IV. Perennis type wild rice, for investigation of individual variation within populations.  

(Kept in the Taiwan Laboratory) 

1. (W201) 12/10/57, Taragoone, Hooghly, West Bengal, India. In marsh. 81 plants. 
(The same popul. as W152) 

2. (W202) 15/10/57, Canning, West Bengal, India. In a deep water paddy. 21 plants. 
(The same popul. as W153) 

3. (W203) 19/10/57, Patna, Cuttack, Orissa, India. In marsh (Without water).  
   64 plants. 
4. (W204) 19/10/57, Cuttack, Orissa. A small population near Central Rice Res. 

Inst. With white awn. 22 plants. 
5. (W205)     〃   , The same place as above. A small population adjacent to the 

above. Red awn. 8 plants. 
6. (W206)     〃   , The same place as above. A small population in which white 

and red awned plants are mixed. 12 plants. 
7. (W207) 31/10/57, Cuttack, Orissa, India. In a water-tank. (The same population 

as W109) 60 plants. 
8. (W208) 7/11/57, Raipur, Madhya Pradesh. In a water-tank.  
           (The same population as W149)  21 plants. 
9. (W209)     〃   ,      〃         A small population in marsh. 25 pls. 
10. (W210)     〃   ,      〃         In a paddy field. 26 plants.  
                 (The same population as W150) 
11. (W211)     〃   ,      〃         A cultivated variety in the paddy. 
12. (W212)     〃   ,      〃         A segregating population nearby the paddy.  
           (The same popul. as W151) 
13. (W213) 13/11/57, Patna, Cuttack, Orissa, India. Mixture of wild and cultivated  
   plants in a paddy.  52 plants. (The same population as W147) 
14. (W214)     〃          〃           46 plants. (The same population as W148) 
15. (W215) 24/11/57, Kattor, Trichur, Kerala, India.  In a deep water paddy.  
   10 plants. (The same population as W141) 
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16. (W216) 20/12/57,  Bongkok, Thailand.  In marsh.  65 plants.  
   (The same population as W146)  

(A few population samples left in Ceylon are not included.) 

 

V. Cultivated varieties; Seeds taken from farmers’ fields on an individual plant basis.  

         (Kept in the Ceylon Laboratory) 

1. 3/11/57, Cuttack, Orissa, India (D-e) 
2. 28/10/57, Gangtok, Sikkim (I-b) 
3.    〃    ,       〃 (I-c) 
4. 27/10/57, Kalimpong, West Bengal, India (J-a) 
5.    〃    ,       〃 (J-b) 
6. 3/11/57, Cuttack, Orissa, India (K-c) 
7.    〃   ,       〃 (K-d) 
8. 6/11/57, Vizianangaram, Andhra, India (V-1) 
9.    〃   ,       〃 (V-2) 
10. 13/11/57, Cuttack, Orissa, India (W-3) 

VI. Seed samples of cultivated varieties. 

1. 20/10/57, Bhuvaneswar, Orissa, India  --------------- 1 variety (F-d) 
2. 3/11/57, Cuttack, Orissa, India  ---------------------- 2 varieties(K-c,d) 
3. 13/11/57,      〃                ---------------------- 1 variety (W-3) 
4. 28/10/57, Gangtok, Sikkim  ------------------------------ 8 varieties(I-a) 
5. 27/10/57, Kalimpong, West Bengal, India  ---------- 24 varieties(J-a,b,c,d,e) 
6. 11/11/57, Gunpur, Orissa, India  ----------------------- 14 varieties(P,Q) 
7. 6/11/57, Vizianagaram, Andhra, India  ------------- 5 varieties(V-3) 
8. 9/11/57, Samalkot, Andhra, India  ------------------- 7 varieties(U-1,2) 
9. 23/11/57, Trichur, Kerala, India  ----------------------- 13 varieties 
10. 19/12/57, Chinsurah, West Bengal, India  ---------- 1 variety 
11. 20/12/57, Bangkok, Thailand  --------------------------- 3 varieties 
   79 varieties  
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VII. Jeypore Botanical Survey Collections 

1. "Japonica-like" cultivated strains ......... JC 1-18 (A) 
2. Wild and cultivated strains from different villages. 

Village Wild Strains Cultivated Strains 

Borigumma JW 1-7 JC 19-44 (B) 

Kotpad JW 8-22 JC 45-72 (C) 

Tumbarla, Nowrangapur JW 23-26  

Maidalpur,     〃 JW 27-40 JC 73-77 (D) 

Taragum,      〃 JW 42-43 JC 78-82 (E) 

Papadahandi,   〃 JW 44-46 JC 83-103 (F) 

Mokia,        〃 JW 47-56 JC 104-112 (G) 

Dabugan,      〃 JW 57-62 JC 113-117 (H) 

Umerkote JW 63-69 JC 118-135 (I) 

Kukadabai, Nowrangapur JW 71-76  

Karihighut,   〃 JW 77-78  

Kurulighati,    〃 JW 79 JC 194-200 (M) 

Malkangiri  JC 136-143 (J) 

Jeypore and other 5 villages  JC 144-187 (K) 

Majkigudar and Kesariguda, Now.  JC 188-193 (L) 

Bakadeleedagre, Nowrangapur  JC 223-224 (N) 

(Unkown) JW 80-117 JC 201-222 (O) 

 
 

d) Collection of Herbarium Specimens of Grass Species (By Dr. T. Tateoka) 

Herbarium specimens were collected from almost all of the spots visited by Dr. 
Tateoka. The specimens are mostly of grasses, including Oryza, Leersia, Hygroryza 
and related genera. The total number is more than one thousand. 

Further, seeds of various plant species were collected as listed below. 

 
Poaceae : Chrysopogon 1 sp. (Cuttack, Orissa India) 

 Ischaemum 1 sp. (   "   ) 

 Bothriochloa 1 sp. (   "   ) 

 Setaria 1 sp. (Darjeeling, India) 

  " 3 sp. (Cuttack) 

 Paspalidium 1 sp. (Cuttack and Calcutta) 

 Paspalum 1 sp. (Kalimpong, West Bengal, India) 

 Pennisetum 1 sp. (Calcutta, India) 
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 Alloeochaete 1 sp. (Cochin, Kerala, India) 

 Echinochloa 1 sp. (Calcutta, Cuttack, Kalimpong, Coimbatore) 

 Isachne 1 sp. (Siriguri, West Bengal, India) 

 Aristida 1 sp. (Cuttack, Orissa, India) 

 Eragrostis 2 sp. (   "   ) 

 Dactyloctenium 1 sp. (   "   ) 

 Sporobolus 1 sp. (Calcutta, India) 

Other families: Euphorbia 2 sp. (Cuttack, Orissa, India) 

 Aster 1 sp. (   "   ) 

 Ipomea 1 sp. (Gangtok, Sikkim) 

Crop plants: Millet 1 sp. (Kalimpong, West Bengal, India) 

 Barley 1 sp. (Gangtok, Sikkim; originally from Tibet) 

 Pea 1 sp. (Darjeeling, West Bengal, India) 

 Black greem 1 sp. (Gangtok, Sikkim; from market) 

 Bean 1 sp. (   "   ) 

 Cauliflower 1 sp. (Calcutta, from market) 

 Cabbage 1 sp. (   "   ) 

 Kohlrabi 1 sp. (   "   ) 

 Table beet 1 sp. (   "   ) 

 Turnip 1 sp. (   "   ) 

 Carrot 1 sp. (   "   ) 

 Tomato 1 sp. (   "   ) 

 Brinjal 1 sp. (   "   ) 

 Lettuce 1 sp. (   "   ) 

 Pea 1 sp. (   "   ) 

 Radish 1 sp. (   "   ) 

 Bean 1 sp. (   "   ) 
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IV. Miscellaneous Experiences in the Trip. 

 
An expedition trip of may or may not be equiped with a motor vehicle. However, 

the writer has come to the view that the preparation should be completely different 
according to whether a car is available or not. If a car is available, perphaps several 
members with different fields of interest may go together as a team, and they may 
carry various equipements for their researches. In contrast, if the travelling depends 
mainly on public transportation, the simpler the baggages, the easier becomes the trip. 
And most ordinal goods can be purchased in cities or towns in Asian countries. 

In the latter case, one-person-trip may be the most economical way. If we have a 
team of several persons, they may travel into different areas separately. It seems that 
one person, if well qualified for the purpose, may penetrate into underdevelopped areas 
far from the modern civilization without any particular danger. At any rate, it should 
be noticed that we have no intermediate way between the two methods of travelling, i.e. 
with a car and without a car. 
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V. Laboratories in Ceylon and in Taiwan 

a) Ceylon Laboratory (In Botanical Garden, Peradeniya, and Rice Breeding Station, 
Batalagoda) 

Dr. K. I. Sakai has arrived in Ceylon in September, 1957, as a Colombo Plan 
Expert, and is paying efforts to arrange his laboratory for experimental works. Mr. T. 
Narise, staying in Ceylon after this study-tour in India, will help Dr. Sakai and will be 
in charge of field works. Though the details will be reported by Dr. Sakai elsewhere, 
the following is a temporary research program in the laboratory. 

1. Survey of genetic variability in native(unimproved) cultivated varieties and wild 
strains of rice. 

2. Estimation of the percentage of cross-fertilization by biometrical methods. 
3. Experiments for heritability values using F2 and F3 populations. 
4. Study of the mechanism of seed sterility occurring in tropical rice cultivation. 

b) Taiwan Laboratory (In Taiwan Provincial Agricultural College, Taichung) 

An agreement for cooperative work took effect in September, 1957, between the 
National Genetics Institute of Japan and the Taiwan Provincial Agricultural College, 
and the laboratory works have started since then. Though the writer (Dr. H. I. Oka) is 
responsible for all the matters in the laboratory, but when he is in Japan, Mr. 
Chao-Hwa Hu (instructor, cytogeneticist) is in charge of steering the laboratory, and 
Mr. Wen-Tsai Chang (instructor, geneticist) will help Mr. Hu in book-keeping and 
management. For technical help, Mr. Ching-Ba Tsen and Miss Chih-Su Cheng were 
employed, and were appointed by the College as a technical assistant and a clerk, 
respectively. 

The research program consists mainly in field experiments of wild rices, which 
are difficult in Japan on account of climatological conditions. The program for 1958 is 
given as follows: 

1. Cultivation, crossing, and cytological investigation of various wild species of Oryza. 
(By Mr. Hu, in colaboration with Dr. Y. Takenaka)  

51 strains belonging to 14 species will be grown. To be seeded on May 15 and 
June 14, 1958. 5 plants per strain. In addition to crossing, self-pollination, and 
cytological investigation, heading date, size and shape of pollen grains, and other 
morphological characters will be investigated. One student will help this work. 

2. Survey of inter- and intra-populational genetic variability in wild rices of perennis 
type. (By Dr. Oka and Mr. Chang) 
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a) 24 populations of O. perennis from different localities in India and other 
countries will be used. To be seeded on May 22 and June 21, 1958. 50 plants 
per plot. 2 replications. Heading date, pollen fertility, size and shape of pollen 
grains, and other morphological characters will be investigated. Artificial 
self-pollination and crossing(between each other and with certain cultivated 
varieties) will be made to look into their interrelation in hybrid sterility and 
hybrid breakdown. 

b) 20 populations of O. perennis, each consisting of about 40 lines, will be grown 
in order to survey their intra-populational variability. To be seeded on June 5, 
1958. 5 plants per line. Heading date and some morphological characters will 
be investigated. 

3. Propagation and investigation of Jeypore Botanical Survey Collections. (By Dr. Oka,  
Mr. Hu and Mr. Chang) 

117 wild and 222 cultivated strains will be grown. To be seeded on May 29, 
1958. 5 plants per strain. Investigation of characters and self-pollination will 
be made. One student will help this work. 

4.  Cytological observation of haploid rice. (By Mr. Hu, in colaboration with Dr. Y. 
Takenaka) 

5. Biometrical investigation of diploid lines of rice derived from a haploid plant. (By 
Mr. Hu) 

6.  Breeding at translocation testers for genie analysis. (By Mr. Chang) 
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REPORT OF STUDY-TOUR TO THAILAND  
FOR INVESTIGATION OF RICE 1958 

 
Hiko-Ichi Oka 

National Institute of Genetics, Japan 
 

In the fall of 1958, the writer was sent to Taiwan and Thailand for study and 
collection of rice, under the project "Studies on the origin of cultivated rice", in which 
we have been engaged since 1957 with the aid of a grant from the Rockefeller 
Foundation. He left Japan in early October, and was first in Taiwan to conduct 
experiments under this project helping his colleagues there. He then proceeded to 
Thailand in late November and stayed for about five weeks travelling in the country. 
He returned to Japan in late January, 1959, after staying again in Taiwan for a month. 

In 1957, the writer was sent to India with two colleagues of his for the same 
purpose; his visit to Thailand in 1958 was to continue the same work as in India. In 
Thailand, however, besides generally collecting seeds and information, there were 
some distinct points of interest as follows: 1) To observe the natural habitats of the five 
wild species of Oryza which can be found in Thailand, 2) in the glutinous rice area in 
Northern Thailand, to look into introgressive hybridization between wild and 
cultivated populations of rice using the glutinous gene as indicator, 3) to see in the 
deep water area if the floating habit develops both in wild and cultivated strains in 
parallel, or not, 4) to know if there are cultivated rice varieties of the "Japonica type", 
or not, in the mountain regions in Northern Thailand, and 5) to find problems to be 
taken up for the progress of rice breeding in Thailand. Results of observations and 
considerations on these subjects will be mentioned in this report. 

Acknowledgement should be made before going further. It is first made to Dr. H. 
Kihara, director of the Institute, and to other institute members for their kind 
guidance and encouragement. Secondly, the writer heartily appreciates the kind 
cooperation during his stay in Thailand of Prince M. C. Chakarabandhu, general 
director, Mr. Udom Kiewkingkeo, secretary general, Dr. Bhakdi Lusananda, chief of 
technical division, and other gentlemen in the Rice Department, Ministry of 
Agriculture, Royal Thai Government, under which he could perform his duties and 
enjoy his stay. Further, he is grateful to the Rockefeller Foundation for their financial 
support which has enabled his study-tour. 
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RESULTS OF OBSERVATIONS 

1. Distribution and Habitat of Wild Oryza Species in Thailand. 

Five wild species of Oryza, O. perennis, O. sativa spontanea (fatua), O. officinalis, 
O. granulata and O. ridleyi, are found in Thailand. The habitats of these species the 
writer has seen are as follows: 

a) O. perennis. 

As mentioned in the writer's report of his Indian trip, the difference between O. 
perennis and O. sativa spontanea is not always clearly recognizable. Understanding 
that O. perennis is a perennial wild rice with well developed rhizomes, the wild rice 
common in many places in the Central Plain Region of Thailand should be O. perennis. 
Like in India, they usually grow in deep water swamps. Their habitat is usually 
adjacent to rice fields, but a population surrounded by forest and seemingly isolated 
from cultivated rice (W0180) was also found. They produce panicles from early 
November to early December. The panicles are 25 - 30 cm in length, with well spread 
rachila, and have long awns. The tip of glumes (apiculus), awn, and stigma show 
usually a purple color, but colorless plants are also found. Plant height, or culm length, 
seems to be determined by the depth of water. 

Their seeds are easily shed before maturity, and the results of germination tests 
show that they require at least several months for after-ripinning, while the 
germinating capacity is generally low. Some plants are highly sterile. However, plants 
seemingly due to hybridization with cultivated rice are often found in their populations. 
Those plants are called "Ghost Rice" in Northern Thailand. 

It seems that they propagate themselves in a greater part asexually by the 
underground stems. But, their diversity, and the occurrence of hybrids plants may 
indicate that they are propagated partly by seeds. The proportion of sexual vs. asexual 
propagation in their population may be an important problem for discussion on the 
origin of cultivated rice, but difficult to solve. 

b) O. sativa spontanea (or O. fatua). 

A typical plant of this species can be discriminated from those of the former 
species by its short statue, absence of underground stems, and other characteristics. 
But, this species is as variable as the former species, and it seems that there are some 
intermediate forms between them. 

As in India, the habitat of this species is swamps with relatively shallow water, 
usually adjacent to rice fields. But, a population seemingly isolated from cultivated rice 
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(W0165) was also found. This species is not found in the Central Plain Region of 
Thailand, may be because of the deep water conditions prevailing there. In contrast, in 
the North-Eastern Region where the land is generally on a high level, plenty of 
populations belonging to this species were found. Heading time seems to be earlier 
than the former species. 

If the number of plants in a population was small, individual plants can be 
recognized separately from one another. It then seems that this species is propagated 
by seeds. 

c) O. officinalis. 

The writer found this species at Nonburi, Bangkok (in 1957, on the way to India), 
and at Srisamrong, Sukothai Prefecture. Professor Kasin Suvatabandhu of the 
Kasetart University, Bangkok, told the writer that he found it as some spot near 
Uttardit, too. It seems that this species is distributed widely in Thailand, but is not 
very common. The habitat is in forest. It was along a ditch in forest at Nonburi, but 
was on a rather dry land at Srisamrong. Heading time is October to November. Since 
individual plants can be recognized separately and no rhizome is found, propagation 
may be done by seeds. Though its special ecological requirement is unknown, it is 
possible that the propagating ability is so low that the habitation can be maintained 
only in forests which have not been cleared by human hands for many years. 

d) O. granulata. 

This species was found at two spots, Srisamrong, Sukothai, and. Pha Nokkou, 
Konkhen. As in India, the habitat is in forest. Professor Kasin told the writer that he 
found this species at Chum Phon, in the Southern Region. Heading time is November 
to December. Though the artificial germination of seeds is rather difficult, this species 
also seems to propagate itself by seeds. 

O. granulata and O. mayeriana are very similar to each other. The writer doesn't 
know whether the plants found in Thailand belong to the former, or the latter, or these 
two species names are synonimous. 

e) O. ridleyi. 

This species was found in the northern suburbs of Bangkok (Wat Mai Tang Luang 
Temple, Nonburi; the same spot as mentioned for O. officinalis), but was not found in 
other places. The habitat is in forest. Heading is in October. This species has been 
known in Malaya. It is possible that this species is distributed in Southern Thailand 
and Malaya. 
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2. Distribution of the Glutinous Gene in Wild and Cultivated Populations of Rice. 

a) Distribution of glutinous varieties. 

In the Northern and North-Eastern Regions of Thailand, similarly in the greater 
part of Laos, and in some adjacent areas in Burma and Yung-Nan Province of China, 
rice varieties grown by native people are mostly glutinous. Statistics by "chengwad" 
(prefecture) shows the percentage of acreage of glutinous rice in Thailand to be 
distributed as in the following table. 

Percentage of acreage of glutinous rice in Thailand. 

Region* 
% of glutinous rice No. of  

prefectures 0% 5 10 20 30 40 50 60 70 80 90 95 100 

Central Plain 17 14 1 2   1       35 

Northern      1     2 2 2 7 

North-Eastern  1  1 1 1  1   3 4 3 15 

Southern 2 7 5           14 

* Explanation in Section 5 (page 46) 
 

It is said that in the above-mentioned area the people grow glutinous rice because 
they customarily eat it. They boil polished rice in a pot, or put moistened rice into 
stalks of sorghum-like plant and steam. They eat the sticky bulk of glutinous rice, hot 
or cold, usually with fingers, though a spoon and a fork are used for eating other 
vegetables or meats. 

The glutinous varieties are either of lowland or of upland habit. Most of them 
seem to belong to the so-called Indica type, but a few show some Japonica-like features 
as mentioned later. A greater part of those glutinous varieties can be discriminated 
from non-glutinous ones by their roundish shape of grains. They tend to be earlier than 
non-glutinous varieties grown in the same locality. In North-Eastern Thailand, people 
grow glutinous varieties for their home consumption in fields on higher levels because 
they are early and do not suffer so much from drought when the dry season begins in 
October, and grow non-glutinous varieties for selling out in swampy farms since they 
are later. 

Dr. T. Morinaga (1943)* has pointed out that among Japanese varieties, glutinous 
ones generally show a lower yield than non-glutinous ones, though the reason for this 
trend is unknown. The same tendency can be found in the results of variety tests at 
San Patong Rice Experiment Station, Chiengmai, as given below. 
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Yield of the First to Seventh Varieties, 
Non-glutinous and Glutinous, at San Patong, 

Chiengmai, Thailand. 
Order of yield Non-glutinous Glutineus 

1st 3.40 ton/ha 3.31 

2nd 3.34  3.28 

3rd 3.28  3.22 

4th 3.23  3.14 

5th 3.13  3.06 

6th 3.04  2.97 

7th 3.00   2.78 

 
* Nogyo oyobi Engei (Agr. & Horti.) 18: 638, 1943. 

 

b) Frequency of the non-glutinous plants in glutinous, varieties. 

The modern system of seed multiplication is not practiced so extensively in the 
glutinous area. The glutinous gene may generally be less advantageous in competition 
if mixed with its non-glutinous (dominant) allelomorph, either in a heterozygous plant 
or in a heterogenious population. Thus, the populations do not always consist purely of 
glutinous plants. With the view that the frequency of non-glutinous plants in those 
glutinous rice farms may serve as an example to show the genetic purity of rice seeds 
under an imperfectly controlled condition, panicles taken at random from farms in the 
glutinous area were examined by iodine test of grains. The results were as given in the 
below table.
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Frequency of non-glutinous and heterozygous  
plants in glutinous rice varieties. 

No. Place of collection No. of plants % of outcrossing 

++ +gl glgl 

W0240 Chiengmai 13 2 30   0.21% 

W0241 " 6 0 22 2.06 

W0242 " 2 0 78 0.0 

W0243 Konkhen 4 0 20 3.58 

W0244 " 4 1  7 3.41 

W0246 Nongkai 6 0 57 2.53 

W0248 " 5 0 68 1.25 

 

The data in the table show that none of the seed samples of the glutinous rice is 
free from non-glutinous plants. The percentages of outcrossing given in the table are 
based on the number of non-glutinous grains in glutinous panicles and the frequency of 
non-glutinous plants in the population. 

 

c) Frequency of the glutinous gene in populations of O. perennis and O. sativa 
spontanea. 

It may be assumed that all wild species of Oryza are essentially non-glutinous. 
The writer has examined with regard to glutinous vs. non-glutinous a large number of 
grains of more than fifty Indian populations belonging to O. perennis or O. sativa 
spontanea, and several populations of O. officinalis and other species. No single 
glutinous grain was found among them. It is possible, however, that natural 
hybridization, which seems to occur relatively frequently between O. perennis, O. 
sativa spontanea and cultivated varieties under certain conditions, may bring the 
glutinous gene into the wild species if they grow surrounded by glutinous cultivated 
varieties. The frequency of the glutinous gene in such wild populations, if found, may 
be valuable for looking into problems relative to introgressive hybridization between 
wild and cultivated populations of rice. 

The writer has taken a number of panicles from several populations of O. 
perennis and O. sativa spontanea in the glutinous area in Northern and North-Eastern 
Thailand, and has examined them by iodine test. Though the data of experiments with 
those materials may enable to wholly discuss the problems, the frequency of glutinous 
and heterozygous plants found in those wild populations will be given here in the 
below table.
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Frequency of glutinous and heterozygous plants in 
populations of O. perennis and O. sativa spontanea. 

No. Species Place of 

collection 

No. of plants % of 

outcrossing* ++ +gl glgl 

W0217 perennis Chiengmai 73 1 1  

W0218 " " 55 42 9 43.98% 

W0219 " " 59 1 0  

W0220 " " 48 6 0  

W0222 " " 115 2 0  

W0225 " Konkhen 54 0 0  

W0226-7     "  (?) " 67 0 0  

W0228 spontanea " 31 5 0  

W0229 perennis " 42 0 0  

W0230 spontanea " 18 0 0  

W0232 " Nongkai 10 0 1  

W0233 perennis (?) " 28 0 0  

W0235 " " 11 3 3 10.88  

W0236 spontanea Udorn 28 0 0  

* Estimated from the number of non-glutinous grains in glutinous 
panicles and the frequency of non-glutinous gene in the population. 

The data in the above table show that the frequency of the glutinous gene is in 
most populations very low, but high in a few populations, and in such populations 
heterozygous plants are much more than glutinous homozygous plants. We find 
further that the percentage of outcrossing reaches 44% in wild populations. 

 
 

3. Floating Habit in Wild and Cultivated Rice in Deep Water Areas. 

a) An introduction to the floating habit in rice. 

Floating rice is grown in a large area in the Bangkok Plain (about one million 
hectares), and in some deep water swamps in the North-Eastern Region. A center of 
the floating rice cultivation in the Bangkok Plain is Ayuthya, which is an old capital of 
Thailand and about 80 kilometers north of Bangkok. In this area, with the inundation 
of river water in the rainy season, the depth of water increases by a daily average of 5 
to 10 cm, and finally reaches several meters. For growing floating rice, seeds are 
broadcasted at the end of the dry season (in June), and panicles are harvested in the 
dry season (in December), by boats if the water still stands. 

Floating habit is a potential ability which expresses itself when the deep water 
condition is given as a rapid elongation of internodes (before flower initiation), 
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branching of culms at the nodes, and development of adventitious roots in water. This 
behavior provides the only way for producing rice in deep water swamps. However, if 
grown in an ordinary paddy field, the floating variety grow in the same manner as 
ordinary varieties; no difference may be recognized between varieties with and without 
floating habit. 

It was reported that floating habit might be a recessive character in hybrids with 
ordinary varieties (Ramiah 1941)*. It is unknown, however, if there are a series of 
intermediate grades in this ability, or there is a threshold of either floating or 
non-floating. The floating ability may be tested, if grown in a proper deep water 
condition, by examining the rate of internode elongation in the tillering period. 

The average grain yield of floating varieties around Ayuthya is 1.4 - 1.5 
ton/hectare, which is a not very low figure in such a non-fertilized broadcast paddy. It 
has been said that floating varieties generally have a poor rice quality. Evidently, some 
of them are red rice. But, since the Floating Rice Experiment Station at Ayuthya was 
established by the Rice Department of Thai Government, the modern system of seed 
multiplication is being practiced to improve the quality and yield of floating varieties. 
It will be desired to know genetic correlations between the floating ability and other 
characters, on the basis of which hybridization breeding may be carried out to improve 
further. 

* Indian Jour. Agr. Sci. 5:119-124. 

 

b) Floating habit in O. perennis. 

The word, "floating wild rice" has been told by several persons interested in it. It 
seems to the writer, however, that there is no such special species of wild rice, though 
O. perennis is frequently found in deep water rice farms together with cultivated 
floating varieties. Examning those wild rice, it is recognized that they have well 
elongated internodes, branches of culm and adventitious roots as the cultivated floating 
rice has, and that they might have grown up in parallel with the cultivated rice. 

Plants seemingly due to hybridization between the cultivated floating rice and O. 
perennis are frequently found. The frequency of such hybrid plants seemed to be 
higher than in ordinary paddy fields in which O. perennis is co-existing with 
non-floating varieties. This might be partly due to that the seed of the floating rice is 
broadcasted, but other reasons, if any, are unknown. Floating cultivated plants with a 
short awn are often found. It is possible that they come from such a hybridization. 

An interesting problem may arise in this connection, as to whether O. perennis is 
essentially of floating habit, or only some of them have acquired floating habit and 
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some do not have. As mentioned already, O. perennis usually show elongated 
internodes before flower initiation, and its plant height seems to be determined by the 
depth of water. If it is essentially a floating rice, it may be assumed that the floating 
habit in cultivated varieties has been introduced from O. perennis. 

 

4. Presence or Absence of the Japonica-type Rice in Thailand. 

If we think of how varieties of the so-called Japonica type are related to those of 
the Indica type in their origin, whether there are some Japonica varieties in India or in 
Indo-Chinese Peninsula, or not, may become a problem attracting our interest. The 
"Expedition Party for Rice Civilization" of Japan, travelled along the Mekong River in 
1957, has also taken the solution of this problem to be one of their aims. It does not 
seem very easy, however, to get an answer for this problem, because we have first to 
think what the Japonica type is, or what its differences from the Indica type are. 

According to the writer's view (Oka 1953*), rice varieties can be divided into two 
large groups (he called "Continental" and "Insular" groups in accordance with their 
geographical distribution, but corresponding largely to the so-called Indica and 
Japonica types, respectively), and one of them can be divided again into two minor 
groups (he called "Tropical- and Temperate-Insular" groups), though the variations 
from one group to the other are of continuous nature. Then, the Japonica type can be 
subdivided into two groups, one mainly distributed in Japan and Northern China, and 
the other in the Philippines, Hai-Nan Island and Indonesia. The major differences 
between them are found in grain shape, degree of destruction of endosperm in KOH 
solution, panicle length, number of days of growing period, and in their reaction to 
certain tester strains in hybrid sterility. 

In order to get an idea on the above-named problem, the writer has during his 
trip in Northern Thailand looked for rice varieties with Japonica-like features. Some 
such varieties were actually found from among the collection of local upland varieties 
at Phan Rice Seed Station, Chiengrai Prefecture, and in some places near Lampang. 
They appear to be of the "Tropical-Insular" type. They are glutinous, and are grown by 
the hill tribes in their "shifting agriculture" (see Section 5). They cannot have been 
newly introduced from foreign countries. Though "the presence or absence of 
Japonica-type rice" should be evaluated based on the results of experiments with those 
seeds, it seems to be highly probable that there are some Japonica-type varieties in 
Northern Thailand.   

The presence of a few Japonica-type varieties was demonstrated from studies of 
the materials collected from Jeypore Tract, Orissa, India, which is an underdeveloped 
area isolated from modern civilization but keeps an extremely wide variation in rice 
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(the writer's unpublished data). Such Japonica-type varieties are also found at high 
levels in the Himalayan mountain area, e.g., Kashimir, Nepal and Sikkim. But it is 
possible that the Japonica varieties in Himalayan countries have been newly 
introduced from China through agricultural institutions of India, since some Japonica 
varieties kept in the Agricultural Research Station at Kalimpong, West Bengal, India, 
which appear to be similar to native ones, belong to such an introduction from China; 
the name of the most popular rice variety in Sikkim, "Addey", is the name of a person 
who contributed to the introduction of foreign varieties, and there is actually a 
Japonica-like variety in Kashimir which is called "China". 

Considering the distribution of Japonica-type varieties as mentioned above, it 
seems that, though some might have been introduced from China, the differentiation of 
the Indica and Japonica types might have taken place among local primitive varieties 
in mountain regions in India as well as in Thailand. 

* Jap. Jour. Breeding 3(2):33-43. 

 

5. Cultivation of Rice in Thailand. 

a) Circumstances. 

Thailand is located from about 20°N to 6°N, Bangkok being at about 14°N. Her 
total land area is about fifty million hectares, or about 1.5 times as large as that of 
Japan, while her total population, 23 million, is only one fourth of that in Japan. About 
15 percent of the total area is under cultivation; three fourths of the cultivated area are 
rice farms, and the remaining part is devoted to other upland crops, such as corn, 
soyabean and other beans, coconut, para-rubber, fruit trees and vegetables. 

Thailand has a history of more than one thousand years as an independent 
nation under the reign of kings. The capital was first built at Sukothai, about six 
hundred kilometers north of Bangkok, but repeated historical events such as the 
invasion of Burmish let her build new capitals at Ayuthya, and then at Bangkok. It is 
said that the Thai people have originated in South-Western China and have moved 
southward in ancient times. The Thai language, though has some similar 
pronunciation to Southern Chinese, is unique, and is written in its own alphabets. The 
people are proud of their independence, and are generally educated; though the 
national average of primary school education is about 70%, but in the young 
generation reaches 99%. This might be a good basis for agricultural construction. 

Since rice is the basic food for the Thai people, they grow rice in lands with all 
kinds of soils, in so far as the land can hold water. That rice is so essential for their life 
can be known from the Thai word "kau", which means both rice and food 
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simultaneously. About 84% of the total population are engaged in agriculture, and 86% 
of the agricultural people, or 72% of the total population, are rice farmers. More than 
80% of them own their land with an average size of about four hectares. 

The total acreage of rice (harvested), total production, average yield, and export 
(polished rice), are on the annual averages from 1951 to 1955, 5.3 million hectares, 7.0 
million tons, 1.32 ton/hectare, and 1.3 million ton, respectively. Rice only accounts for 
66% of the total export of Thailand. 

Rice is grown with the rain water brought by the south-west monsoon which 
continues from June to October (except for the Southern Region in Malayan Peninsula). 
Rice fields on high levels are fed directly by rainfall, or by drainage water from forests, 
while others are submerged by the inundation of river water in the rainy season. The 
Government has paid much effort for construction of irrigation systems. The recently 
completed Chow Phya River Project will benefit a wide area in the Bangkok Plain. But, 
more than three fourth of the rice farms are outside the irrigation systems, and even in 
the irrigated area, irrigation in the dry season is almost impossible. It seems that 
dams which release water in the dry season are necessary for increasing the 
production of rice and other crops in future. 

b) Agricultural regions. 

Thailand is usually divided into four agricultural regions, namely, the Northern, 
the North-Eastern, the Central Plain, and the South. The Central or Bangkok Plain 
comprises the large valley of the Menam Chow Phya River, which is flooded by the 
river in the summer monsoon months, bringing about deep water conditions in many 
places in which the floating rice is grown. The Central Plain Region produces about a half 
of the total rice production of the country. The average yield was 1.6 ton/hectare in 
1956. 

In the Northern Region, rice is grown mostly on the three main valleys. 
Chiengmai - Lampoon Valley, Chiengrai - Lamphang Valley and Prae - Nan Valley. The 
soil is relatively rich silt loam. Though this region produces only about 10 percent of 
the total production, the average yield is as high as 2.2 ton/hectare, which approaches 
the average yield of one crop in Taiwan. 

In contrast, the North-Eastern Region has sandy loam soil low in fertility, and 
often suffers from drought. It produces about one third of the total production, but has 
a low yield as less than 1.0 ton/hectare. 

In the Southern Region, rice is grown along valleys and coastal plains, depending 
upon the north-eastern monsoon in winter months. It is a rather underdeveloped 
region; the yield of rice was about 1.5 ton/hectare in 1956. 
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c) Methods of cultivation. 

The methods of cultivation vary according to climatological conditons, topography 
and the labor available. They may be classified into transplanting method, 
broadcasting method, and upland cultivation. 

Transplanted lowland rice covers about 80 percent of the total acreage. 
Transplanting is thought to be necessary for ensuring a successful crop in general, 
while other conditions such as inundation of water at the beginning of crop season due 
to lack of drainage, accumulation of salt in areas near to the sea, etc., may compell the 
farmers to adopt transplanting method. For growing seedlings, sprouted seeds are 
sown on a nursery bed, and about 25 to 30 days seedlings are planted. The general 
adoption of transplanting method in Thailand, which makes a contrast to the situation 
in India where rice is generally broadcast, may be said to be a good basis for the 
progress toward intensiveness in future. However, the space between hills is generally 
as large as 40 cm, and line transplanting is not practiced. It seems that a denser line 
planting only may bring about a considerable increase in yield. 

Broadcasting method: Seeds are broadcasted on lands where the inundation of 
river water brings a deep water condition for a greater part of the growing period, or 
when labor is insufficient for transplanting. Usually, 75 to 100 kilograms per hectare of 
seeds are sown on farms ploughed and puddled in advance. If sown on a dry land, the 
seeds are covered immediately by ploughing. If sown in standing water, sprouted seeds 
are sown, while in this case the water should be clear enough to be free from silt, and 
should move to ensure the supply of oxygen to seeds. 

The varieties grown by the broadcasting method are mostly floating ones. In 
other words, the area under broadcasting method almost equals to the acreage of 
floating rice, which comprises about 16 percent of the total acreage of rice in Thailand, 
as mentioned before. If the water was not deep enough, broadcasting would not always 
ensure a successful crop, depending upon the competition with weeds and other 
factors. 

Upland rice is grown on small patches of land surrounded by forest. It cannot be 
successfully grown if the air is not sufficiently moist during the intervals of rainfall, 
and if the soil fertility is not high enough. The greater part of the upland rice is grown 
by the so-called shifting method; first, the jungles, cut down in advance, are burnt to 
ashes before the rainy season. Then, holes are made with a pointed stick and a few 
grains are dropped in each hole. This method is however harmful to forest and soil 
conservation, and remains as a problem to be solved in future. 

In the Northern and North-Eastern regions, the method of harvesting is in 
general to cut panicles with a length of culms. Those panicles are tied into sheaves and 
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beaten against the side of a large bamboo basket, or against the threshing floor to 
separate the grains. In the Central Plain, panicles are cut with only a small piece of 
straw, and on the threshing floor, grains are separated by letting buffaloes walk over 
the bundle of panicles. Thus, varieties which will shatter easily are preferred, while 
some percent of grains are lost by natural shattering during harvesting. It seems to be 
preferrable to use machine threshers like those used in Japan, and to select 
non-shattering varieties. 

d) Fertilizer application. 

Fertilizers are not used so much for rice in Thailand. Problems confronting 
chemical fertilizer application are inadequate information on the kind, amount and 
price of fertilizers to use, and lack of funds to purchase fertilizers, while more 
foundamental problems may arise from the generally low fertilizer response of the 
varieties used. 

Since 1950, fertilizer experiments have been conducted on a large scale. In many 
cases, phosphate gave the highest increase in yield, while in others, nitrogen, 
phosphate and calcium gave almost the same degree of response. Generally saying, N 
and P are the most important of fertilizer elements. It is told that in Japan calcium 
superphosphate showed a high response when it was first introduced some eighty 
years ago. 

But, it is no longer so effective in Japan, except on some volcanic soils. This may 
be due to the residual effect of phosphorus compounds. The high effect of phosphate in 
Thailand may be due to that chemical fertilizers have not been used so much. 

The policy of the Rice Department might be to gradually increase the use of 
fertilizers. The use of compost and rotation of green manures may be important, 
especially in localities where soil fertility is low. 

 (Ref. : Agriculture in Thailand, a service document of the Rice 
Department, Ministry of Agriculture) 

 

 

6. Rice Breeding in Thailand. 

a) An outline of the breeding work in practice. 

Pure-line selection of rice was begun on a small scale as early as in 1916, when 
the first experiment station was established at Rangsit, about 30 kilometers north of 
Bangkok. However, rice breeding on the whole country's scale has only an eight-year 
history, since the Rice Improvement Project was settled in 1950 with the aid of the 
ICA's subsidy. The three principal methods of breeding, variety test, pure-line selection 
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and hybridization were put into practice at almost the same time. Radiation breeding 
was also begun recently on a small experimental scale. 

The peak load of testing varieties and pure-line selection was seen in 1954, in 
which year more than 170,000 plots were handled in six major rice experiment stations. 
This number was decreased to less than a half with the augmentation of hybridization 
breeding. The results of variety trials showed that the variety-locality interaction was 
significant; then, regional tests were carried out in many places. 

Pure-line selections gave gains on the average of each experiment station as 
follows: 17% at Rangsit (where the average yield of check varieties was 305 kg/ha). 
20% at Bangkhen (438 kg/ha), 17% at Kok Sam Rong (428 kg/ha), 12% at San Patong 
(477 kg/ha), 30% at Phimai (246 kg/ha) and 31% at Surin (158 kg/ha). It may be 
concluded from these records that the gain tended to be high in regions where the 
average yield of rice is low. It is possible that the gain due to pure-line selection is 
negatively correlated with the average yield of rice, or with the level of agricultural 
development. 

Hybridization breeding: Thailand has cooperated with the FAO's "Indica- 
Japonica hybridization project" since its start, and has tested at San Patong, 
Chiengmai Prefecture, a great number of plants of F2 and later generations sent from 
Cuttack, India. However, most except a few selections from those materials did not 
prove to be promising. It seems to the writer that selection was made too strongly in 
early generations, leaving a too small number of strains to be tested further. As the 
writer has pointed out (Oka 1957*), difficulties in this sort of hybridization breeding, 
e.g., gametic selection causing sterility, change of gene frequency, a very wide 
segregation of characters, and tendency to hybrid break-down in segregating 
generations, should be understood, and the method of selection should be improved. 

Hybridization breeding between local varieties are also being carried on. A large 
number of F1 and F2 materials are being grown in the Rice Experiment Station at 
Bangkhen, Bangkok, while a smaller number in San Patong, Chiengmai. The main 
objectives are combination of high yield and good quality, stiffness of straw or non- 
lodging character, drought resistance and so on. Something worry for executing these 
projects might be, however, lack of qualified men who can propel the work themselves. 

The multiplication and distribution of improved seeds have recently been put into 
practice, according to a system like that in Japan or in Taiwan, which consists of the 
four steps: Breeders seed and foundation seed are kept in experiment stations, and 
stock seed and extension seed are propagated by selected farmers. This work is 
supervided by a special committee composed of experts, and seems to be efficiently 
practiced at least in some part of the country. 
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* Proceedings of the International Genetics Symposia, 1956:482-490 

 
  

b) Foundamental problems relative to rice breeding. 

Rice blast disease: It is known in Japan that varieties of the "Indica" type are 
mostly resistant against blast disease (caused by the fungus Piricularia oryzae). 
However, this is not correct in tropical countries. A number of rice varieties grown in 
Thailand, though belong to the Indica type, are damaged by both leaf and panicle 
blasts, and a range of resistances to this disease is seen among varieties. In the case of 
leaf blast, seedlings in the nursery bed are attacked. We may fear that the damage by 
blast disease may become greater with the increasing use of fertilizers. 

If those Indica varieties, are really resistant in the experiments carried out in 
Japan, problems may arise as to how the mechanisms of resistance differ under 
different environmental conditions, and as to the physiological races with different 
reaction types in the fungus. Comparative experiments on an international scale may 
be desired to solve these problems. 

Fertilizer response: Varieties with higher fertilizer response may be desired with 
the increase of fertilizer application in future. According to the writer's experiments 
(Oka 1954*), a high response to nitrogen under high temperatures is difficult to find 
from among Indica varieties, but it seems possible to achieve it if hybrids between 
Indica and Japonica varieties were carefully studied for this purpose. 

Two crops system: Two crops of rice is now confined to a small area in the 
Northern Region, where the field can be irrigated even in the dry season. The 
additional crop is seeded in February and harvested in May. Photoperiodically 
insensitive varieties of the Indica type are used for this crop, but they are of poor 
eating quality and low in yield (1.25 ton/ha). Considering the climatological conditions 
in Thailand, there is no special difficulty for practicing a two crops system like that in 
Taiwan. It is now evaluated that if the present rate of population increase was kept 
unchanged, Thailand would have no rice for export in about thirty years; two crops 
system seems to the writer to be a good way to intensify agriculture. Needless to say, 
we need irrigation in the dry season and breeding of varieties adaptive to the first and 
second crops respectively. The adoption of two crops system of rice may further 
stimulate rotational cultivation of other crops and may confer a benefit to rural 
economy. 

 
* Jour. Agr. Assoc. China, New Series 13:35-42 
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Photoperiodic adaptation: The manner of photoperiodic adaptation of rice 
varieties in Southern Thailand (6°N to 10°N) is an unsolved problem. If the 
photoperiodie sensitivity of a variety was measured in terms of the strictness of its 
requirement for a certain critical day-length for flower initiation, those Southern 
varieties appear to be extremely sensitive (Oka 1953*). According to Dr. Bhakdi 
Lusananda of the Rice Department of Thailand, however, those varieties need a large 
number of short-days (more than 15 days) for flower initiation, and they become 
sensitive after passing a long period of vegetative growth. Varieties in the Northern 
Region are much more sensitive to day-length. It is thus possible that there are two 
kinds of different sensitivities, one in regard to the requirement for a certain 
day-length, and the other regarding the number of short-days to be continued. In the 
combination of these two assumable responses, the varieties in Southern Thailand and 
in other countries under the same latitude may possess a special type of photoperiodic 
adaptation, which should be analytically studied in connection with variety 
improvement in the South. 

Adaptation to deep water conditions: As pointed out already, the genetic 
correlations of floating habit with other characters may be a problem whose solution is 
desired for improvement of floating varieties. It may be desirable to know, further, how 
photoperiodic response and other physiological responses are correlated with floating 
habit to make up an adaptability to deep water conditions. An experimental design to 
look into this problem might be to divide a hybrid population into two parts, grow one 
in an ordinary paddy field and the other in a deep water paddy, and to compare the two 
populations after several generations regarding various characters and physiological 
responses. 

In conclusion, it may be said that only in the field of rice breeding, we can find 
many problems to be studied in future, in so far as we want to know the underlying 
structure of yielding capacity in tropical countries. The young men coming up from the 
Kasetart University may someday penetrate into those problems. 

 
 

* Jap. Jour. Breed. 4(2):92-100 
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LIST OF SEED SAMPLES COLLECTED 

A. Oryza officinalis and O. granulata, seeds taken on a population basis. 

No. Collection 
no. 

Date of 
collection 

Place of collection Remarks 

W0065 (9) 30/11/58 Srisamrong, Sukothai. O. officinalis.  In forest.  (=W0249) 

W0066 (10) 30/11/58 The same above. The same above.  (=W0250) 

W0067 (11) 30/11/58 The same above. O. granulata.  In forest. 

W0068 (16) 8/12/58 Pha Nokkou, Konkhen 
 (near Loei) 

O. granulata.  In forest, on a mountain slope. 

 

B. O. perennis or O. sativa spontanea, seeds taken on a population basis. 

No. Collection 
no. 

Date of 
collection 

Place of collection Remarks 

W0161 (1) 25/11/58 Chiengmai. O. perennis.  Road side swamp adjacent to a 
field of glutinous variety.  (=W0217) 

W0162 (2) 25/11/58 Chiengmai. O. perennis.  In and at the fringe of a small 
canal passing through paddy fields of 
glutinous variety.  (=W0218) 

W0163 (3) 25/11/58 Chiengmai. O. perennis.  Road side swamp adjacent to a 
paddy field of glutinous variety.  (=W0219) 

W0164 (4) 25/11/58 Chiengmai. O. perennis.  Road side deep water swamp 
adjacent to a paddy field of glutinous variety. 
(=W0220) 

W0165 (5) 25/11/58 Chiengmai. O. sativa spontanea.  Road side swamp in an 
open grass-covered patch in forest.  
(=W0221) 

W0166 (6) 26/11/58 Chiengmai. O. perennis.  In and along the fringe of a 
paddy field of glutinous variety.  (=W0222) 

W0167 (8) 30/11/58 Srisamrong, Sukothai. O. perennis.  Road side swamp adjacent of a 
paddy field of non-glutinous variety, in forest. 
(=W0223) 

W0168 (12) 6/12/58 Phimai. O. sativa spontanea.  Road side swamp 
adjacent to a paddy field of non-glutinous 
variety.  (=W0224) 

W0169 (13) 7/12/58 Chumpae, Konkhen. O. perennis.  In a water reservoir about 25 m 
apart from paddy field of glutinous variety. 
(=W0225) 

W0170 (14, 15) 8/12/58 Chumpae, Konkhen. O. sativa spontanea or O. perennis .  At the 
fringe of a canal passing through paddy fields 
of glutinous variety, in Chumpae Seed 
Station.  (=W0226) 

W0171 (17) 8/12/58 Chumpae, Konkhen. O. sativa spontanea.  Road side swamp near 
to paddy field.  (=W0228) 
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W0172 (18) 8/12/58 Chumpae, Konkhen. O. perennis.  Deep water swamp adjacent to 
or mixing in a large broad-cast paddy of 
non-glutinous variety.  (=W0229) 

W0173 (19) 8/12/58 Chumpae, Konkhen. O. sativa spontanea.  Road side swamp near 
to paddy field.  (=W0230) 

W0174 (20) 9/12/58 Nongkai. O. perennis.  Deep water swamp apart from 
paddy fields.  (=W0231) 

W0175 (22) 10/12/58 Nongkai. O. perennis.  A small water reservoir 
surrounded by paddy fields of glutinous 
variety. (=W0233) 

W0176 (24) 10/12/58 Nongkai. O. perennis.  In a paddy field of glutinous 
variety.  (=W0235) 

W0177 (26) 17/12/58 Wangnoi, Ayuthya. O. perennis.  In a deep water paddy of 
floating variety, non-glutinous.  (=W0237) 

W0178 (27) 17/12/58 Ayuthya. O. perennis.  At the fringe of a deep water 
paddy of floating variety, non-glutinous. 
(=W0238) 

W0179 (28) 20/12/58 Rajburi. O. sativa spontanea.  Road side swamp 
adjacent to a paddy field of non-glutinous 
variety.  (=W0239) 

W0180 (7) 28/11/58 Ngao, Lamphang. O. perennis.  In a swampy patch in forest, 
apart from the nearest paddy field by about 
10 kilometers. This population seemed to be 
well isolated. 

 

C. Populations of O. perennis or O. sativa spontanea, seeds taken on an 
individual plant basis. (To be studied in Taiwan) 

No. Collection 
no. 

Date of 
collection 

Place of collection Remarks 

W0217 (1) 25/11/58 Chiengmai. O. perennis.  (=W0161; see description  
for it.) 

W0218 (2) 25/11/58 Chiengmai. O. perennis.  (=W0162) 

W0219 (3) 25/11/58 Chiengmai. O. perennis.  (=W0163) 

W0220 (4) 25/11/58 Chiengmai. O. perennis.  (=W0164) 

W0221 (5) 25/11/58 Chiengmai. O. sativa spontanea.  (=W0165) 

W0222 (6) 26/11/58 Chiengmai. O. perennis.  (=W0166) 

W0223 (8) 30/11/58 Srisamrong, Sukothai. O. perennis.  (=W0167) 

W0224 (12) 6/12/58 Phimai. O. sativa spontanea.  (=W0168) 

W0225 (13) 7/12/58 Chumpae, Konkhen. O. perennis.  (=W0169) 

W0226 (14) 8/12/58 Chumpae, Konkhen. O. perennis or spontanea.  (=W0170) 

W0227 (15) 8/12/58 The same above. (=W0170) 

W0228 (17) 8/12/58 Chumpae, Konkhen. O. sativa spontanea.  (=W0171) 

W0229 (18) 8/12/58 Chumpae, Konkhen. O. perennis.  (=W0172) 
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W0230 (19) 8/12/58 Chumpae, Konkhen. O. sativa spontanea.  (=W0173) 

W0231 (20) 9/12/58 Nongkai. O. perennis.  (=W0174) 

W0232 (21) 10/12/58 Nongkai. O. sativa spontanea.  Road side swamp 
adjacent to a paddy field of glutinous variety. 
The number of plants was small, perhaps 
owing to drought. 

W0233 (22) 10/12/58 Nongkai. O. perennis.  (=W0175) 

W0234 (23) 10/12/58 Nongkai. O. perennis.  At the fringe of a paddy field of 
non-glutinous deep water variety. 

W0235 (24) 10/12/58 Nongkai. O. perennis.  (=W0176) 

W0236 (25) 11/12/58 Udorn. O. sativa spontanea.  Road side swamp 
adjacent to a paddy field in which soil fertility 
was very poor. 

W0237 (26) 17/12/58 Wangnoi, Ayuthya. O. perennis.  (=W0177) 

W0238 (27) 17/12/58 Ayuthya. O. perennis.  (=W0178) 

W0239 (28) 20/12/58 Rajburi. O. sativa spontanea.  (=W0179) 

 

D. Populations of cultivated rice, O. sativa, seeds taken on an individual plant 
basis. (To be studied in Taiwan) 

No. Collection 
no. 

Date of 
collection 

Place of collection Remarks 

 

W0240 (1) 25/11/58 Chiengmai. The variety found with W0217.  Glutinous. 

W0241 (2) 25/11/58 Chiengmai. The variety found with W0218 in the canal.   
Glutinous. 

W0242 (6) 26/11/58 Chiengmai. The cultivated variety found with W0222.   
Glutinous. 

W0243 (13) 7/12/58 Chumpae, Konkhen. The variety found in the paddy field near to the 
water reservoir with W0225.   
Mixture of glutinous and non-glutinous plants. 

W0244 (15) 8/12/58 Chumpae, Konkhen. The variety found with W0227.  Glutinous. 

W0245 (18) 8/12/58 Chumpae, Konkhen. The variety found with W0229.  
Non-glutinous. 

W0246 (21) 10/12/58 Nongkai. The variety found with W0232.  Glutinous. 

W0247 (23) 10/12/58 Nongkai. The variety found with W0234.   
Non-glutinous. 

W0248 (24) 10/12/58 Nongkai. The variety found with W0235.  Glutinous. 

 

E. Populations of O. officinalis, seeds taken on an individual plant basis. 

No. Collection 
no. 

Date of 
collection 

Place of collection Remarks 

 

W0249 (9) 30/11/58 Srisamrong, Sukothai. In forest.  (=W0065) 

W0250 (10) 30/11/58 The same above. (=W0066) 
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F. Seed samples of cultivated varieties, O. sativa. 

No. Collection 
no. 

Date of 
collection 

Place of collection Remarks 

 

C5303 Td001  20/12/58 Bangkhen, Bangkok. Single plant. 

C5509 Td002 (1) 25/11/58 Chiengmai.  (=W0240) Seeds of many plants. 

C5510 Td003 (2) 25/11/58 Chiengmai.  (=W0241) " 

C5511 Td004 (6) 25/11/58 Chiengmai.  (=W0242) " 

C5512 Td005 (13) 7/12/58 Chumpae, Konkhen.  (=W0243) " 

C5513 Td006 (15) 8/12/58 Chumpae, Konkhen.  (=W0244) " 

C5514 Td007 (18) 8/12/58 Chumpae, Konkhen.  (=W0245) " 

C5515 Td008 (21) 10/12/58 Nongkai.  (=W0246) " 

C5516 Td009 (23) 10/12/58 Nongkai.  (=W0247) " 

C5517 Td010 (24) 10/12/58 Nongkai.  (=W0248) " 

C5518 Td011 (3) 25/11/58 Chiengmai. The variety found with W0219. Single splant. 

C5519 Td012 (3) 25/11/58 The same above. " 

C5520 Td013 (3) 25/11/58 The same above. " 

C5521 Td014 (4) 25/11/58 Chiengmai. The variety found with W0220. " 

C5522 Td015 (8) 30/11/58 Srisamrong, Sukothai. The variety found with 
W0223. 

" 

C5523 Td016 (8) 30/11/58 The same above. " 

C5524 Td017 (27) 17/12/58 Ayuthya. Floating variety, found with W0238. " 

C5525 Td018 (27) 17/12/58 The same above. " 

C5526 Td019 (27) 17/12/58 The same above. " 

C5527 Td020 (27) 17/12/58 The same above. " 

C5528 Td021  23/11/58 Chonburi. From farmer's field. " 

C5529 Td022  23/11/58 Chonburi. From farmer's field. " 

C5530 Td023  25/11/58 Chiengmai. Sampling from the collection of  
local varieties at San Patong Rice Experiment 
Station 

" 

C5531 Td024  " " " 

C5532 Td025  " " " 

C5533 Td026  " " " 

C5534 Td027  " " " 

C5535 Td028  "  "  " 

C5536 Td029  " " " 

C5537 Td030  " " " 

C5538 Td031  " " " 

C5539 Td032  " " " 

C5540 Td033  " " " 

C5541 Td034  " " " 

C5542 Td035  " " " 
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C5543 Td036  " " " 

C5544 Td037  " " " 

C5545 Td038  " " " 

C5546 Td039  " " " 

C5547 Td040  " " " 

C5548 Td041  " " " 

C5549 Td042  " " " 

C5550 Td043  " " " 

C5551 Td044  26/11/58 Chiengmai. Black rice, from farmer's field. " 

C5552 Td045  27/11/58 Lamphan. From collection of local varieties by  
the rice officer of the prefectural government. 

Seeds of many plants. 

C5553 Td046  " " " 

C5554 Td047  " " " 

C5555 Td048  " " " 

C5556 Td049  " " " 

C5557 Td050  " " " 

C5558 Td051  " " " 

C5559 Td052  " " " 

C5560 Td053  29/11/58 Phan, Chiengrai. An upland variety. Single plant. 

C5561 Td054  " Phan, Chiengrai. From collection of local 
upland varieties at Phan Rice Seed Station. 
Glutinous. 

" 

C5562 Td055  " " " 

C5563 Td056  " " " 

C5564 Td057  " " " 

C5565 Td058  " " " 

C5566 Td059  " " " 

C5567 Td060  " " " 

C5568 Td061  " " " 

C5569 Td062  " " " 

C5570 Td063  " " " 

C5571 Td064  " " " 

C5572 Td065  " " " 

C5573 Td066  " " " 

C5574 Td067  " " " 

C5575 Td068  " " " 

C5576 Td069  " " " 

C5577 Td070  " " " 

C5578 Td071  " " " 

C5579 Td072  " " " 
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C5580 Td073  " " " 

C5581 Td074  " " " 

C5582 Td075  " " " 

C5583 Td076  " " " 

C5584 Td077  " " " 

C5585 Td078  6/12/58 Phimai, Korat. From collection of local 
varieties at Phimai Rice Experiment Station 

" 

C5586 Td079  " " " 

C5587 Td080  " " " 

C5588 Td081  " " " 

C5589 Td082  " " " 

C5590 Td083  " " " 

C5591 Td084  " " " 

C5592 Td085  " " " 

C5593 Td086  " " " 

C5594 Td087  " " " 

C5595 Td088  " " " 

C5596 Td089  " " " 

C5597 Td090  " " " 

C5598 Td091  6/12/58 Phimai, Korat. From collection of local 
varieties at Phimai Rice Experiment 
Station. 

Single plant. 

C5599 Td092  " " " 

C5600 Td093  " " " 

C5601 Td094  " " " 

C5602 Td095  " " " 

C5603 Td096  " " " 

C5604 Td097  10/12/58 Nongkai. Floating variety, from farmer's field. " 

C5605 Td098  19/12/58 Bangkhen, Bangkok. From Rice Experiment 
Station. "Leaung Awn 29" 

" 

C5606 Td099  " "    "Khao Tah Heng 17" " 

C5607 Td100  " "    "Leaung Raheng 8" " 

C5608 Td101  20/12/58 Rajburi. From Rajburi Rice Improvement 
Station. 

" 
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G. Seeds of Crops and Wild Plants other than Oryza. 

Soyabean ········· 3 varieties, from Phan, Chiengrai (Rice Seed Station) 
 5 varieties, from Phimai (Rice Experiment Station) 
 1 variety, from Sukothai (market) 
Mongo-bean ····· 1 variety, from Phan, Chiengrai (market) 
 1 variety, from Phimai (Rice Experiment Station) 
 2 varieties, from Sukothai (market) 
 2 varieties, from Chonburi (market) 
Corn ··············· 1 variety, from Sukothai (market) 
 3 varieties, from Chonburi (market) 
Vegetables  ······ 29 kinds or varieties from a seed market at Chonburi, including 

Chinese cabbage, Radish, Mexican pepper, Beans, etc. 
Ipomea ············ 1 species, from Bangkok. 
Aegilops 1 species, from Chiengmai. 
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ABSTRACT OF DIARY 

(1958) 
October 4(Sa) Left Tokyo for Taiwan by CAT. 
 5(Su) Arrived in Taipei in the morning. To Taichung in the afternoon, 

and looked around laboratory and experimental field in Taiwan 
Provincial Agricultural College. 

 6-11 Stayed in Taichung for laboratory work: Arrangement of 
experiments, crossing, and lectures. 

 12(Su) To Taipei in night. 
 13(Mo) In Taipei, visited Taiwan Agricultural Research Institute and 

National Taiwan University. Returned to Taichung in night. 
 14-30 Stayed in Taichung, engaged in laboratory work. Dr. N. 

Parathasarathy of the FAO, Bangkok, visited the laboratory on 
29th. 

 31(Fr) To Taipei Airport to meet Dr. Y. Takenaka of National Genetics 
Institute who arrived in the afternoon by NWA. 

November 1(Sa) Visited National Taiwan University with Dr. Takenaka. Dr. 
Takenaka gave lecture on "Criticisms on Lysenco's theory". 

 2(Su) Looked around the wild rice populations (O. porennis) at Pah-tu, 
Tao-yuan Prefecture with Dr. Takenaka. 

 3(Mo) Visited Taiwan Agricultural Research Institute in the morning. 
To Taichung in the afternoon with Dr. Takenaka. 

 4-6 Stayed in Taichung following Dr. Takenaka to visit Taiwan 
Provincial Agricultural College and Taichung Agricultural 
Improvement Station. Dr. Takenaka inspected laboratory work, 
and gave lecture on "Polyploidy in plants". 

 7(Fr) To Pou-li and U-hso (in Taiwan Central Mountains) by bus and 
taxi. Stayed at Ru-san hotspring, with Dr. Takenaka. 

 8(Sa) To Sun-Moon Lake by taxi. 
 9(Su) Returned to Taichung. 
 10(Mo) To Tainan with Dr. Takenaka, and visited Dr. H. W. Li in Taiwan 

Sugar Research Institute. 
 11(Tu) Looked around Dr. Li's experiments. Dr. Takenaka gave lecture 

on "Cytogenetic studies in Nicotiana". 
 12(We) Returned to Taichung. Dr. Takenaka proceeded to the South with 

Mr. C. H. Hu. 
 13(Th) To Taipei in night. 



 

 
- 60 - 

 14(Fr) Met Dr. R. F. Chandler of the Rockefeller Foundation at Taipei 
Airport. Then, visited Taiwan Agricultural Research Institute. 

 15(Sa) Met Dr. Chandler again in Taiwan Agr. Res. Inst. Returned to 
Taichung in night. Dr. Takenaka came back from the South. 

 16-17 Stayed in Taichung. 
 18(Tu) Left Taichung for Taipei with Dr. Takenaka. 
 19(We) Left Taipei for Hongkong by CAT. Dr. Takenaka returned to 

Japan by NWA. 
 20(Th) Hongkong to Bangkok by PAA. Visited Kasetart University in 

Bangkok. 
 21-22 Stayed in Bangkok, visited Rice Department and Kasetart 

University to prepare for trips in Thailand. 
 23(Su) To Chonburi and Siracha by car with Mr. Udom Kiewkingkeo, 

secretary general of the Rice Department, to look around the 
southern suburbs of Bangkok. 

 24(Mo) Left Bangkok for Chiengmai by TAC with Mr. Prasan Kantawee, 
who was sent to follow the writer as interpreter by the kindness 
of the Rice Department. Stayed at San Patong Rice Experiment 
Station, Chiengmai. 

 25(Tu) To Chiengmai and then to Merim by car. A number of populations of 
O. perennis and O. sativa spontanea were found on the way. 

 26(We) To Lampoon by car for collection of rice. 
 27(Th) Flew from Chiengmai to Chiengrai (northern-most town of 

Thailand between mountains), but could not reach Chiengrai on 
account of bad weather. Then, flew again to Lampang, and drove 
to Phan Rice Seed Station (near Chiengrai) by jeep. Arrived in 
night. 

 28(Fr) Looked around the Station and the areas nearby, then back to 
Lampang by jeep and stayed. 

 29(Sa) From Lampang to Swankalog by train.  
 30(Su) Visited to Klong Maplab Agricultural Cooperative Center, then 

proceeded to Srisamrong by jeep. Populations of O. officinalis 
and O. granulata were found in forest. Stayed at Sukothai. 

December 1(Mo) From Sukothai to Pitsanulok by bus, then flew back to Bangkok 
by TAC. 

 2-4 Stayed in Bangkok to visit Rice Department and Kasetart 
University. 

 5(Fr) Left Bangkok for the North-Eastern Region by bus, with Mr. 
Prayong Prayurahongse who was sent by the Rice Department 
as interpreter. Stayed at Phimai Rice Experiment Station. 
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 6(Sa) Looked around the station, then back to Korat (Nakhon 
Ratchasima) and stayed. 

 7(Su) From Korat to Konkhen by train, then to Chumpae by jeep, 
looking for wild rice. Stayed at Chumpae Seed Station. 

 8(Mo) Visited to Pha Nokkou (in mountains, about 50 kilometers 
north-west of Chumpae) by car. Returned to Chumpae and to 
Konkhen in the afternoon. 

 9(Tu) From Konkhen to Nongkai by train. Visited to the Laos border 
across the Mekong River. 

 10(We) Looked around Nongkai for wild rice by bicycle. To Udorn by 
train in night. 

 11(Th) Looked around Udorn by car, and took train to Konkhen. 
 12(Fr) Returned to Bangkok by train. 
 13-16 Stayed in Bangkok. Took rest for three days on account of cold. 
 17(We) To Ayuthya with Dr. Bhakdi Lusananda of the Rice Department 

by car, for investigation of floating rice. Returned to Bangkok in 
night. 

 18-19 Stayed in Bangkok for arrangement of seed samples collected. 
Gave lecture on "Phylogenetic differentiation of ride varieties in 
Kasetart University on 19th. 

 20(Sa) Visited Rajburi Rice Improvement Station (about 110 kilometers 
south-west of Bangkok) by car. Returned to Bangkok in night. 

 21(Su) Stayed in Bangkok. Invited by Prince M. C. Chakarabandhu, 
general director of the Rice Department. 

 22(Mo) Left Bangkok for Hongkong by JAL. 
 23(Tu) Hongkong to Taipei by CAT. To Taichung in the afternoon. 
 23-31 Stayed in Taichung for laboratory work and examination of rice 

seeds from Thailand.  
(1959) 
January 1-6 The same above. 
 7(We) To Taipei to meet Dr. Hirayoshi who proceeded to Malay for 

collection of rice. 
 8(Th) Returned to Taichung in early morning. 
 9(Fr) To Chia-i to visit the Rice Branch-Station of Tainan Agricultural 

Improvement Station. 
 10(Sa) Visited Dr. H. W. Li in Taiwan Sugar Research Institute, Tainan. 
 11(Su) Visited Fon-san Horticultural Research Station, and returned to 

Taichung. 
 12-23 Stayed in Taichung for laboratory work. Dr. R. Bratfield of the 

Cornell University visited the laboratory on 13th. 
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 24(Sa) To Taipei to visit Taiwan Agricultural Research Institute. 
 25(Su) Returned to Taichung. 
 26-30 Stayed in Taichung for laboratory work. 
 31(Sa) Returned to Tokyo by CAT. 
 
 
 

Number of days on trip : 61 days 
Stay in Taichung, Taiwan : 59 days 
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I. Introduction 

In January to March, 1961, the writer have been sent to the Philippines and New 
Guinea for collecting wild and cultivated rice under the project "Studies on the origin of 
cultivated rice" supported by a Grant (RF 57080) from The Rockefeller Foundation. He 
left Japan on January 21 and stayed in the Philippines for 22 days. Then he proceeded 
to Territory of Papua and New Guinea for 14 days and Netherlands New Guinea for 23 
days. He returned to Japan on March 27, after visiting Formosa. 

During this trip, five wild and one cultivated species including 142 strains, have 
been collected. 

The writer wishes to express his thanks to Dr. H. Kihara, director of the National 
Institute of Genetics for his kind guidance. He is most grateful to Dr. R. F. Chandler 
and Dr. S. Wortman for their generous help and many kindnesses during his stay in 
the Philippines and heartily appreciates the kind cooperation of Assistant Professor, J. 
Pancho, College of Agriculture, University of the Philippines. Further, thanks are due 
to Mr. F. C. Henderson and Mr. G. K. Graham in Port Moresby, Mr. P. Stallwood in 
Bereina, Mr. Henty in Lae, Mr. J. R. Vicary in Madang, Mr. L. A. Meyer and Mr. J. 
Verschueren in Koembe, Mr. Jr. K. Homans in Merauke and to many other members of 
various Departments of Agriculture and Institutes who all helped him to accomplish 
his task. 
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II. Distribution and habitats of wild Oryza species in the Philippines 

i) O. minuta Presl. 

Specimens of the species collected by the writer have the following 
characteristics; plant perennial, clearly rhizomatous, vigorously growing to 100 to 150 
cm length; leaf color light green, leaf blades linearly lanceolate 25 to 30 cm long, 1.1 to 
1.3 cm wide, ligule 3 mm long. Panicles well exserted and 16 to 23 cm long, with 4 to 8 
primary branches, spreading at maturity. Spikelets easily shedding, 3.5 to 4.5 mm long, 
up to 2 mm wide, awned, awn 0 to 16 mm long. Glume surface with distinct crosswise 
intersection rows of small tubercles and distinct bristles along the keel and ribs. 
Empty glumes always considerably shorter than the flowering ones and almost smooth, 
1.4 to 1.7 mm long. Grain brownish yellow. 

On this trip, O. minuta Presl, was found in three districts, i.e., Zamboanga 
(Mindanao Island), Hinigaran (74 km south from Bacolod) and Juban (70 km south 
from Legaspi, Luzon Island). 

The plants of O. minuta found in Zamboanga were growing in a slowly running 
stream, which was not shaded by trees and was about 40 cm deep and one and half 
meter wide. It was adjacent to a rice field separated by an embankment. The plants 
were growing at a distance of 10 to 15 m from one another; Their height depended upon 
the depth of the water, i.e., plants growing near the embankment were shorter than 
those growing in the middle of the stream, Leersia hexandra Swartz and Hygroryza 
species, which are closely related to Oryza, were frequently found in this area. At 
maturity, panicles of O. minuta are inclined at a 30° angle. The plants are called by the 
natives "Compay de Manila" meaning "grass in Manila". 

In the case of Juban, conditions of the natural habitat seem to be almost the same 
as those of Zamboanga, except for the shade cast by coco palms and other tall trees 
which were growing on an elevation near the embankment. It was very difficult to find 
the plants and especially to get mature grains in this district, because carabaos like to 
feed on them more than on other herbs. This is also true in the case of Hinigaran, 
where the plants were found on the side of a pond surrounded by rice fields and 
half-shaded by trees. Mature grains were not collected there by the writer himself but 
Prof. Pancho of the College of Agriculture, who already had sent us the seeds of this 
strain in 1960, kindly allowed me on my way back from Hew Guinea in March, 1961, to 
take mature grains from the specimens growing in his field. 
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ii) O. abromeitiana Prod. 

Specimens of the species collected by the writer have the following 
characteristics; plant perennial, rhizomatous, 50 cm high, leaf color dark green, leaf 
blades linear 13 to 20 cm long, 8 to 12 mm wide, ligule 1 mm long. Panicles 4 to 8 cm 
long, branches very few and not spreading even at maturity. Spikelets very easily 
shedding and 6.1 to 7.1 mm long, 1.9 to 2.1 mm wide, awnless. Glume surface having 
rectangularly arranged tubercles each composed of several tubercles. Empty glumes 
always considerably shorter than the flowering ones 1.5 to 2.5 mm long and smooth. 
Grain light brown. 

The plants were found only in Hinigaran 75 km from Bacolod, halfshaded by coco 
palms and bamboo, on dry and poor soil. But in the vicinity a stream, 5 m wide with 
fairly clear water, was found. The plants were growing at the distance of about 10 
meter from each other. It was very difficult to find mature grains, because they are 
easily shedding. 

The local name of this species is "Candumarao or Humay-Humay" meaning 
"rice-like". 

iii) O. granulata Nees. 

Specimens collected by the writer have the following characteristics, plant 
perennial, rhizomatous, 50 to 55 cm high, leaf color dark green, leaf blades linear 15 to 
25 cm long, 17 to 26 mm wide, ligule 1 mm long. Panicles 8 to 13 cm long, branches of 
the rachis very few and not spreading even at maturity. Spikelets very easily shedding 
and 6.9 to 7.2 mm long, 1.9 to 2.6 mm wide, awnless. Glume surface having 
rectangularly arranged tubercles composed of several tuberclets. Empty glumes 
always considerably shorter than the flowering ones 1.6 to 2.0 mm in length and 
smooth. Grain light brown. 

The plants were found only in a very restricted area of Bangcodo, Palawan Island, 
densely shaded by coco palms, bamboo and Dipterocarpus sp., on fairy dry soil. 

As with O. minuta, it was very difficult to get mature grains, the writer having 
been able to collect only three. Plants were growing at the distance of 5 to 20 m from 
each other. They are called "Paray-Agay" meaning "rice, long long time ago". 

It is very interesting to note that the local names of O. abromeitiana Prod. and O. 
granulata Nees., as mentioned above, are related to rice, even though their 
morphological characteristics are quite different from those of the cultivated rice. 
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iv) O. perennis Moench. 

Specimens collected by Prof. Pancho have the following characteristics; plant 
perennial, about 3.5 m high, leaf blades linearly lanceolate, ligule 9 mm long. Panicles 
exserted, 20 to 25 cm long, having 5 to 10 spreading primary branches of the rachis. 
Spikelets easily shedding and 8 mm long, 2.5 mm wide, awned, awn 45 to 75 mm long. 
Empty glumes 1.5 mm long. Grain red. 

The distribution of O. perennia Moench, in the Philippines has not yet been 
reported. But the writer could examine dry and living specimens of this species 
collected by Assist. Prof. Pancho in 1960 in Musuan of Mindanao Island, a 
mountainous area about 250 m high. The plants were growing on the shore of a lake. 

The plants labelled Oryza sp., were identified by the author with Oryza perennis 
Moench. Living plants were brought to Misima. 

In addition to the species mentioned above, O. manilensis Merr. has been 
reported in Tayabas and Rizal Province, Luzon Island (Merrill, Philip. Jour. Soi., 3:219, 
1908). However, this species seems to be a synonym of O. minuta Presl.
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III. Some data on cultivated rice collected in the Philippines 

88 strains of cultivated rice have been collected in the Philippines. Their phenol 
reaction, glume color, awnedness and shape have been investigated. The result is given 
in Table 1. 

 

Table 1. Some morphological and physiological characters of rice samples collected in 
the Philippines, 1961. 

Phenol reaction + ･････ 40 strains Length/Width  

Ratio 

  ratio of glume 

No. of strains  - ･････ 48 "  

     2.0 ･････ 2 

     2.1 ･････ 2 

     2.2 ･････ 0 

Glume color yellow ･････ 67 " 2.3 ･････ 4 

 brown ･････ 21 " 2.4 ･････ 6 

     2.5 ･････ 5 

     2.6 ･････ 8 

     2.7 ･････ 8 

Color of glume 

tip 

yellow ･････ 43 " 2.8 ･････ 5 

 brown ･････ 13 " 2.9 ･････ 15 

 purple ･････ 32 " 3.0 ･････ 6 

     3.1 ･････ 2 

     3.2 ･････ 4 

     3.3 ･････ 3 

Awnedness awnless ･････ 66 " 3.4 ･････ 2 

 awned ･････ 22 " 3.5 ･････ 4 

 (1.1 to 31.6 mm in length) 3.6 ･････ 1 

     3.7 ･････ 2 

     3.8 ･････ 3 

     3.9 ･････ 3 

     4.0 ･････ 1 

          4.1 ･････ 2 
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IV. Distribution and habitats of wild Oryza species in New Guinea 

i) O. Perennis Moench. 

Specimens of the species collected by the writer have the following 
characteristics; plant perennial, vigorously growing, 3 to 5 m tall, showing floating 
habit, leaf color light green, leaf blades linearly lanceolate 70 to 85 cm long, 1.5 cm 
wide, ligule 14 to 18 mm long. Panicles well exserted and 50 cm long having 10 to 17 
primary branches, widely spreading at maturity. Spikelets easily shedding, 9 mm long, 
up to 2.5 mm wide, awned, awn 35 to 75 mm long. Empty glumes 2.5 mm long and 
almost smooth. Grain dark brown. 

In Madang, a population of about one hundred plants, not very crowded, was 
found in an open swamp. This habitat was distant from rice fields and near to a forest 
composed of coco palms and other trees, 

It is not yet known whether the plants have rhizomes or not. They flower in April. 

Several populations of this species were found near the Koembe River, Southern 
Netherlands New Guinea. In Opeco and Baad along this river, a few populations were 
found on the river side and in large muddy swamps, four to six meters deep, connected 
with the river. The plants had a pronounced floating habit. In the dry season from 
June to November, this region becomes dry and has few rainy days. There was a strong 
current not only in the river but also in the swamp. 

Occasionally, a batch of O. perennis plants was found flowing down the river. In 
this case the plants appeared as if they were cut off, having no rhizomes and no roots 
but some adventitious roots were recognized at the nodes. The peak of flowering period 
seems to be in April. The plants are called "Yuni" by the natives. 

This species is distributed in Daru District, Southern Papua. The writer had the 
opportunity to study the specimens collected by Mr. F. Kleckham at Masingara, Daru 
June 5, 1957. However, it was impossible to determine Whether they were O. perennis 
Moench, or O. sativa var. spontanea Roschev., because of the missing low parts. 

ii) O. longiglumis Jansen 

Specimens collected by the writer have the following characteristics; plant 
perennial, rhizomatous, vigorously growing, 1.5 to 2.5 m tall, showing floating habit; 
leaf color dark green, leaf blades linearly lanceolate 25 to 35 cm long, 9 to 12 mm wide, 
ligule 1 mm long. Panicles exserted and 15 to 23 cm long having 6 to 9 primary 
branches of the rachis, only somewhat spreading at maturity. Spikelets easily shedding, 
6.4 to 6.8 mm long and 2.1 to 2.3 mm wide, awned, awn 0 to 20 mm long. Empty 
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glumes always same length as the fertile ones, 6 to 7.1 mm long, almost smooth. Grain 
brownish yellow. 

Populations of the species were found in Opeco, Baad and Wajaw along Koembe 
River, Southern Netherlands New Guinea. The plants were growing in swamps 
densely shaded by trees such as Eucalyptus, Pandanus, Artocarpus and other. The 
swamps were about two meter deep. The forest itself is growing in slowly running 
water. The motion of the water agitates the plants, making it difficult to find nature 
grains. The plants were growing in the interior of the forest, in the distance of about 
five meters from the river. This area dries out in dry season from June to November, 
and natives set fire to the woods in order to catch animals such as deer and kangaroos. 

Mr. J. R. Vicary promised to send mature grains of O. perennis Moench. growing 
in the vicinity of Madang. 

Another species of the genus Oryza, namely, O. schlechteri Pilger is known to 
grow in the Territory of New Guinea (North-East New Guinea). Collection of this 
species was unsuccessful on this trip. Further O. minuta Presl. was confirmed to be 
distributed in Daru District, Southern Papua. Dr. D. Shaw, plant pathologist, keeps 
specimens of this species which were collected by Mr. F. Kleckham in Masingara, Daru, 
on June 24, 1957. Unfortunately the writer could not get into Daru District and Fly 
River Course. Mr. G. K. Graham, Principal Soil Survey Officer, Konedobu, kindly 
promised the writer, to collect and send mature grains of O. minuta Presl., O. perennis 
moench. or O. sativa var. spontanea Roschev. growing in this district.
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V. Some considerations on rice cultivation in New Guinea 

i) Territory of Papua and New Guinea 

a: Experiment Stations 

The writer visited two experiment stations, namely, Lowlands Agricultural 
Experiment Station in Bereina and Department of Agriculture in Madang. 

In the former, they have hundred hectares for experimental fields. Strains 
collected were introduced from several countries. 

The main projects in Bereina are as follows: to screen strains adapted to this 
district; to select strains having relatively short growing period; to test irrigation 
systems; and establish a method of weed protection, particularly, against Saccharum 
spontaneum L. 

In the latter, there are a few experimental fields but no experiments are carried 
on. 

b: Native cultivation of rice 

1. Bereina District: The writer had a chance to visit Amoamo, Ioi and Imounga in 
the interior of Bereina and collect strains used by the natives. They cultivate about 
twenty hectares of upland fields only. Seeds are sown at the distance of about 40 cm by 
dibbling. In each hole about 30 grains are placed. In general, they are sown in 
plantations of Xanthosoma sp., Colocasia sp. or Ipomoea batatas L. Sowing period is 
from December to February and harvesting period is from May to July, allowing 180 
days for complete development. These periods are very variable because of dependence 
upon rain fall. The strains used by the natives seem to be photoperiodically insensitive. 
Manure is not used and yield is not measured. The strains seem to have been 
introduced from Italy more than fifty years ago by missionaries. 

2. Madang District: In this district, there are only three upland strains, namely 
China, Short Gapher and a third one. Among them China is the best from the view 
point of yield. Their origin is not clear. Until about five years ago, there was another 
strain called Long Gapher introduced from the Philippines, a red rice, short, only about 
fifty cm high. This strains has been abandoned owing to strong shedding. We can not 
find at present even a seed sample of this strain. 

All of those strains are sown, in general, in November by dibbling at the distance 
of thirty x thirty-five cm or thirty x sixty cm. They reach the length of 150 cm at 
maturity. The natives cultivate about forty hectares of upland fields. For about two 
months after sowing. weeding is practiced, but after that period there is no 



 

 
- 73 - 

interference. No manure is used. As a rule, the rice fields are found on a ridge of a hill. 
After cutting and burning off trees and herbs, rice is sown. If diseases or insects 
damages of rice become conspicuous, the area is simply abandoned and a new site is 
selected. This system of cultivation is common in this district. 

According to literatures and information obtained directly from a Government 
Officer, rice fields can be found in Ramu and Sepik River Districts. However, this 
Information seems to be unreliable. The writer had no chance to visit those districts. 

ii) Netherlands New Guinea 

a: Experiment Station 

There are four Agricultural Experiment Stations here, i.e., Agricultural 
Experiment Station in Hollandia, Merauke Project, Oeroembe New Project and 
Koembe Project. 

However in three stations, i.e., Hollandia, Merauke and Oeroembe Station, 
experiments have started only a few years ago. Oeroembe Project will become the 
largest Experiment Station in near future. 

In Koembe Project, extensive experiments are carried on with eight specialists 
and about one hundred farmers. Cost of operation is estimated to be one million 
Guilder per year. 

The farm occupies three hundred hectares used for experiments and the soil 
consists mainly of marine clay. Only lowland varieties are under test in this station. 
Several years ago, there were about fifty strains, most of which were eliminated 
because of their unsuitability. Among them were Kuang Fu, a Formosana strain and 
Rikuto Mochi 24, a Japanese strain. Broadcasting method (about 3 bushels/hectare) is 
common and transplanting method is sometimes applied only to C8440. C8443 and 
C8444 (see List of Collections). 

Main projects carried on are as follows: manure tests, selection of strains suitable 
for this district, test of the best sowing period during October and April and weeding 
test. Percentage of germination is said to be about forty. It is so low, because after 
sowing seeds are eaten by several kinds of birds, and because the fields are deeply 
inundated in order to protect them from bird attack. 

Yield is extremely variable from year to year on account of damages by deer, rats, 
ducks, wild geese, insects and mandars (kind of moor-hens), for example, 1.35 ton per 
hectare in 1956, 1.04 in 1957 and 1.8 in 1960. In general, sowing is done in February to 
March and harvesting in August to September. A report on this project has been 
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already published (Vollema, 1958). 

b: Native cultivation of rice 

Rice-cultivation areas are found in Japen Island (Geelvink Bay). Coast of 
Amberbaken (Northwest of Manokwari) and Merauke (South New Guinea). About 
twenty hectares were found in each area. Average yield is calculated to be 0.5 ton per 
hectare in Japen and Amberbaken, and 0.6 in Merauke. Most of strains used are 
upland rice called "Gogo Rancha". Weeding is occasionally practiced. Insect pests and 
diseases are not as devastating as in other places. Main seasons of sowing and 
harvesting in Japen and Amberbaken are not known, but those in Merauke are the 
same as those in Koembe Project, i.e., sowing in February to March and harvesting in 
August to September. Seeding directly in rows or in holes is most common in those 
regions. Sometimes manure is used by the natives helped by the Extension Officer. 

As to the origin of strains used by the natives in Vogelkopf, they seem to have 
been introduced from Indonesia, especially from Ceram Island, Moluccas, and others 
from Burma and Indonesia, especially Java. 

Till about ten years ago, a rice area was also found in the vicinity of Manokwari 
measuring ten hectares at a rough estimate, where three strains, "red", "white" and 
"black" seem to have been used. 

At Biak, Sorong and Manokwari a part of Vogelkopf Peninsula, a word "PAS" is 
used for living rice plants, husked rice and boiled rice. On the other hand, at Fakfak, 
the southern part of the peninsula, a similar word "PASSA" is used. 

Rice cultivation is almost strictly limited to the regions where Indonesian people 
are living. Recently those people have been routed from Netherlands New Guinea, so 
that rice cultivation has markedly decreased. The natives in Netherlands New Guinea 
are not devoted to rice cultivation, although rice is their favored food. Main reason for 
it is that plenty of banana, sago palms, coco palms, orange trees and so on can be had 
without hard work. The Government Extension Officer of Agriculture is preparing a 
plan in detail in order to popularize rice cultivation among the natives. But it seems to 
be very difficult, because the natives hate hard work. 

Some morphological and physiological characters have been investigated and are 
shown in Table 2. 
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Table 2. Some morphological and physiological characters of cultivated rice collected in 
New Guinea. 

Phenol reaction + ･････ 6 strains Length/Width  

Ratio 

  ratio of glume 

No. of strains  - ･････ 15 "  

     2.0 ･････ 1 

     2.2 ･････ 1 

     2.3 ･････ 2 

Glume color yellow ･････ 13 " 2.4 ･････ 2 

 brown ･････ 8 " 2.5 ･････ 1 

     2.6 ･････ 4 

     3.0 ･････ 2 

     3.1 ･････ 2 

Color of glume tip yellow ･････ 10 " 3.6 ･････ 1 

 brown ･････ 5 " 3.9 ･････ 2 

 purple ･････ 6 " 4.0 ･････ 2 

     4.2 ･････ 1 

Awnedness awnless ･････ 20 "    

 awned ･････ 1 "    

  (1 to 13.2 mm in length)       
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VI. Some diseases and insect pests of rice in New Guinea 

1. Diseases 

Two kinds of rice diseases were recognized, i.e., Ramularia oryzae Deighton & 
Shaw and Sphaerulina oryzina Hara (=Cercospora oryzae Miyake). 

The former called "white leaf-streak" is found in specimens collected at Amele 
Madang, Bainyik and other locations in the Territory of New Guinea, and Popondetta 
and Epo in the Territory of Papua. The pathogen of this disease is closely related to 
Piricularia oryzae Cavara and has been already reported (F. C. Deighton and D. Shaw 
1960). The latter infects not only cultivated but also wild rice, such as O. perennis 
Moench. or O. sativa var. spontanea Roschev. and O. minuta Presl. In the Department 
of Agriculture, Port Moresby. Dr. Shaw Keeps specimens of unidentified plants. The 
writer examined them and determined the species name. On the label attached to 
them the following explanations were given: O. minuta Presl.: collected by F. Kleckham 
No. 1455, Masingara, Daru, 1957, Oryza sp. Disease: leaf spot. O. perennis Moench. or 
O. sativa var. spontanea Roschev.: collected by F. Kleckham, 1957, Disease: Cercospora 
oryzae Miyake. The spots seem to be due to the same disease, called narrow brown leaf 
spot. This disease was found by the writer in upland fields of cultivated rice in the 
vicinity of Madang. In this district the disease covered a large area. 

2. Insect pests 

Two kinds of insects were found in New Guinea. One is Cnaphalocrocis medinalis 
Guénée and the other in Nephotettix bipunctatus cincticeps Uhler. 

The former was collected in the vicinity of Madang, where it populates a largo 
area and is called grass leaf roller. 

The latter was found at Merauke Project and, at present, has little influence upon 
rice cultivation. However, this seems to be due to the fact that the Project has been 
only recently established. This pest seems to become a serious problem in near future. 

The natives usually leave rice fields which have been severely infected by insects 
or diseases lying idle for several years. 

In addition to those, an insect called "valonk songet" is known in paddy fields of 
Southern Netherlands New Guinea.
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VII. List of seeds and specimens collected 

i) Seeds 

a: Collected in the Philippines 

1. Wild rice 
No. Collected 

No. 
Species Date Place Habitat 

W1198 W2 O. minuta Jan. 26 Zamboanga, 
Mindanao (3km 
from City) 

Small river, about 40cm deep, 
plants growing at a distance of 
10-15m from each other. 
Adjacent to rice field. W 2 to W 7 
are in the order of collection 
po-sitions : from the bank to the 
center of the river near the road. 
Leersia and Hygroryza growing 
in the same place. "Compay de 
Manila" meaning "grass in 
Manila". 

W1199 W3 " " " 

W1200 W4 " " " 

W1201 W5 " " " 

W1202 W6 " " " 

W1203 W7 " " " 

W1204 W15 " " " Bulk 

W1205 W16 " " " Single plant 

W1206 W8 O. abromeitiana Jan. 29 Hinigaran, (74km 
from Bacolod City) 

Forest, half-shaded by coco 
palms and bamboo. Plants 
grow-ing at a distance 10-20m 
from each other. Nearby no rice 
field. Nearby a small river about 
5m wide. Local name 
"Candumarao" or 
"Humay-Humay" meaning 
"rice-like". 

W1207 W9 " " " 

W1208 W10 " " " 

W1209 W11 O. granulata Feb. 1 Bangcodo, Palawan 
(165km from Puerto 
Princesa) 

Forest, half-shaded, coco palms, 
bamboo and Diptsrccarpus. 
Plants growing at a distance 
5-20m from each other.Wearby 
no rice field. Very low soil 
humidity. Local name 
"Paray-Agay" meaning "rice long 
long time ago". 

W1210 W12 " " " 

W1211 W13 " " " 

W1212 W14 O. minuta Feb. 4 Juban, Luzon (70km 
from Legaspi) 

Small ditch with a small 
embankment be-tween paddy 
fields. On the other side, coco 
palms growing. 

W1213 W17 O. minuta - Hinigaran,(74km 
from Bacolod) 

Collected by Prof. Pancho in 
1960. Growing in College of 
Agriculture, U.P. Collected seeds 
there on March 21, '61. 

W1214 W18 O. perennis - Musuan, Mindanao 
(Mountain area) 
250m altitude. 

Collected by Prof. Pancho in 
1960. Grow-ing in College of 
Agriculture, U.P. There, living 
plants were collected on March 
21, '61. Grow-ing in a small pond 
about 100m in dia-meter. 
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2. Cultivated rice 

No. Collected 
No. 

Date Place Habitat 

C8340 C1 Jan. 23 Dept. Agr. & Natural 
Resources, Bontoc, Luzon. 

s. March, h. June. 
Low-land native var. 

"Burik"* 

C8341 C2 " " s. Feb., h. July. 
Low-land var. 
Introduced from 
Manila in 1924. 

"Ladocon"* 

C8342 C3 " Lagawe, Luzon Lowland var. "Canal"* 

C8343 C4 Jan. 24 Farm field between Santiago 
and San Jose, Luzon 

" "Zenith Cl7787"* 

C8344 C5 " " " "G. Benton"* 

C8345 C6 " " " "Tjeremas" 

C8346 C7 " " An off-type near a paddy field. 

C8347 W1 " " Another off-type. 

C8348 C8 Jan. 25 Central Luzon Agr. College, 
Nueva Eciya, Luzon 

An improved lowland var. 
"BPI-76"* 

C8349 C9 " " Native var. oultivated in upland and 
lowland. 
"Azucena"* 

C8350 C10 " " Improved lowland var. 
"Intan"* 

C8351 C11 " " Improved lowland var. 
"Peta"* 

C8352 C12 " " Improved upland var. 
"Macagim Bang"* 

C8353 C13 " " Improved lowland var. 
"Raminad"* 

C8354 C14 " " Introduced from U.S.A. 

"U.S. 8985"* lowland var. 

C8355 C15 " " "U.S. 9366"* " 

C8356 C16 " " "U.S. 9370"* " 

C8357 C17 " " "U.S. 8988"* " 

C8358 C18 " " "U.S. 8318"* " 

C8359 C19 " " "U.S. 1718"* " 

C8360 C20 " " "U.S. 8989"* " 

C8361 C21 " " "U.S. 9031"* " 

C8362 C22 " " "U.S. 9179"* " 



 

 
- 79 - 

C8363 C23 " " "U.S. 9370"* " 

C8364 C24 " " "U.S. 9397"* " 

C8365 C25 " " "U.S. 9439"* " 

C8366 C26 " " "U.S. 9417"* " 

C8367 C27 " " "U.S. 9418"* " 

C8368 C28 " " "U.S. 9420"* " 

C8369 C29 Jan. 25 Bureau of Plant Industry, 
Maligaya Exp. Station 

Improved lowland 
var. 

"Pinili Sa Mitao"* 

C8370 C30 " " " "Macan Berong"* 

C8371 C31 " " " "Sinibling"* 

C8372 C32 " " "" "Malinis"* 

C8373 C33 " " " "Pinanique"* 

C8374 C34 " " " "Macao Bocawe"* 

C8375 C35 " " " "Sinariaya"* 

C8376 C36 " " " "Simpolet"* 

C8377 C37 " " " "Galaygay-3"* 

C8378 C38 " " " "Galaygay-1"* 

C8379 C39 " " " "Muguau" 

C8380 C40 Jan. 26 Zamboanga, Mindanao Lowland var. "Java"*, origin 
unknown. 

C8381 C41 " " Lowland var. 
Introduced from 
Japan. 

"Chichin"* 

C8382 C42 " " Off-type. Shallow swamp, about 30cm 
deep, between paddy fields and small 
embankment. 

C8383 C43 " " Another off-type aimilar to the above. 

C8384 C44 Jan. 27 Zamboanga, Mindanao 
(5-10km from City) 

A popular lowland 
var in Zamboanga. 

"Binirhin"* 

C8385 C45 " " " "Kimsi"* 

C8386 C46 " " " "Malaghit"*, 
gluti-nous. 

C8387 C47 " " " "Cabal-3"* 

C8388 C48 " " " "Trapeohe"* 

C8389 C49 " Zamboanga － Labuan, 
Mindanao 
(10km from Zemboanga) 

" "Ramilon"* 

C8390 C50 Jan. 29 Bacon, (20km from Bacolod) A popular native 
upland var. in this 
district. 

"Mangarez" 

C8391 C51 " " " "Azucena"* 

C8392 C52 " " " "Magsanaya"* 



 

 
- 80 - 

C8393 C53 " " " "Nagdami"* 

C8394 C54 " " " "Pinulot"* 

C8395 C55 " " " "Palawan"* 

C8396 C56 " " " "Dinafor"* 

C8397 C57 " " " "Dinalaga"* 

C8398 C58 " " " "Kinandang 
Pulo"* 

C8399 C59 " " " "Magnolia"* 

C8400 C60 " " " "Milfor"* 

C8401 C61 " " " "Inabaca"* 

C8402 C62 " " " "Toxas 331"* 

C8403 C63 " " " "Maligaya"* 

C8404 C64 " " " "Gaguari"* 

C8405 C65 Jan. 31 Inagawan, Palawan 
(30km from Puerto Princesa) 

A popular native 
lowland var. 

"Malandi"* 

C8406 C66 " " " "Milagrosa"* 

C8407 C67 " " " "Ginanggang"* 

C8408 C68 " " " "Apostoe"* 

C8409 C69 " " " "Dayang-dayang"* 

C8410 C70 " (more 16km south) " "Panakan"* 

C8411 C71 " " An off-type, in forest burned three years 
ago. panicum with dominant growth. 

C8412 C72 Feb. 1 Brooke's Point, Palawan 
(165km from Puerto 
Princesa) 

A popular native 
lowland var. 

"Pendinga" 

C8413 C73 " " " "Malandi-Puti"* 

C8414 C74 Feb. 2 Santa Teresa River, 
Palawan 

An off-type in a dry river bad. 

C8415 C75 Feb. 4 Juban, Luzon (70km from 
Legaspi) 

An off-type in swamp near the paddy field. 

C8416 C76 " " An off-type on road-side near an upland 
field. 

C8417 C77 Mar. 
21 

Agri. Ext. Worker, Fbulao, 
Luzon 

A popular lowland in "Rice Terraces" 

C8418 C78 " " " 

C8419 C79 " " " 

C8420 C80 " " " 

C8421 C81 " " " 

C8422 C82 " " " 

C8423 C83 " " " 

C8424 C84 " " " 
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C8425 C85 " " " 

C8426 C86 " " " 

C8427 C87 " " " 

s: sowing, h: harvesting, *: local name 
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b: Collected in New Guinea 

1. Wild rice 
No. Collected 

No. 
Species Date Place Habitat 

W1215 W101 O. longiglumis Mar. 5 Opeco, Koembe Muddy swamp 2-4m deep, 5-100m 
from Koembe River, half-shaded by 
Eucalyptus. 

W1216 W102 " " "  

W1217 W103 " " Baad, Koembe Plants growing at a distance of 
5-20m from each other. 
W103-W114 were in the order of 
collection positions: from the side 
to the center of the swamp. 

W1218 W104 " " "  

W1219 W105 " " "  

W1220 W106 " " "  

W1221 W107 " " "  

W1222 W108 " " "  

W1223 W109 " " "  

W1224 W110 " " "  

W1225 W111 " " "  

W1226 W112 " " "  

W1227 W113 " " "  

W1228 W114 " " "  

W1229 W116 " Mar. 6 Baad － Wajaw, Koembe Similar to the above 

W1230 W115 O. perennis Mar. 5 Baad, Koembe Muddy swamp, Koembe river-side. 
Water running fast. Local name 
"Yuni". 
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2. Cultivated rice 
No. Collected 

No. 
Date Place Habitat 

C8428 C101 Feb. 16 Amoamo, Bereina A popular upland var. s. December to February, h. May 
to July. Introduced more than 50 years ago probably 
from Italy by Catholic Missionaries. Sown between 
Colocasia sp. or Ipomoea batatas. C102 best yielding. 

C8429 C102 " " 

C8430 C103 " " 

C8431 C104 " " 

C8432 C105 Feb. 18 Ioi, Bereina An upland var. No local name. Origin unknown. 

C8433 C106 " " " 

C8434 C107 Feb.19 Imounga, Bereina An upland var. No local name. Origin unknown. s. 
October, h. May. 

C8435 C108 Feb.24 Maiwyn, Madang An upland var. "China"*. Best yielding in this district. 
s. November, h. April. 

C8436 C109 " " An upland var.  "Short Gapher"*. 

C8437 C110 " "      "       Local name not certain. 

C8438 C111 Mar. 3 Koembe Exp. 
Station, Koembe 

A lowland var. s. January, h. May. "Rexoro"*. 
Introduced from Surinam. 

C8439 C112 " " A lowland var. s. January, h. May. "Blue Bonnet". 
Introduced from Surinam. Most important variety in 
this district. 

C8440 C113 " " A lowland var. s. January, h. May. "Skriviman Koti". 
Introduced from Surinam. Sometimes transplanted. 

C8441 C114 " " A lowland var. s. January, h. June. "77.5.10.2 or 
Nickeri"*. Introduced from Surinam. 

C8442 C115 " " A lowland var., growing period 130 days. "Lead"*. 
Introduced from Sierra Leonne. 

C8443 C116 " " A lowland var., growing period 140 days. "Peta"*. 
Introduced from Indonesia. Sometimes transplanted. 

C8444 C117 " " A lowland var., growing period 140 days. "Bengawan 
No. 9"*. Introduced from Indonesia. Sometimes 
transplanted. 

C8445 C118 " " A lowland var., growing period 115 days. "U.V.S. No. 
2"*. Introduced from U.S. Maeakka. 

C8446 C119 " " A lowland var., growing period 120-130 days. "Shumed 
II"*. Probably introduced from India. 

C8447 C120 Mar. 3 Koembe Exp. 
Station, Koembe 

An improved variety selected from hybrids between 
"Criollo" and "Nero di Vialane". Growing period 120 
days. 

C8448 C121 Mar. 9 Merauke An upland var., "Markoenti"*. Oldest variety, mainly, 
grown by Indonesians. 
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ii) Specimens 

a: Collected in the Philippines 

No. Species Date Place Habitat 

S1 Leersia hexandra Swartz Jan. 26 Zamboanga, Mindanao Brook, about 20cm deep. Growing 
together with O. minuta Presl. 

S2 Hygroryza sp. " " " " 

S3 Oryza minuta Presl. " " Brook, about 20cm deep, same 
population as W1198. 

S4 " " " Brook, about 20cm deep, same 
population as W1203. 

S5 Oryza abromeitiana Prod. Jan. 29 Hinigaran, Forest, half-shaded by coco palms and 
bamboo. Local name 
"Humay-Humay", meaning 
"rice-like". 

S6 " " " 

S7 Oryza granulata Nees. Feb. 1 Bangcodo, Palawan Forest, half-shaded by coco palms, 
bamboo and Dipterocarpus. Local 
name "Paray-Agay" meaning "rice, 
long long time ago." 

S8 " " " 

S9 " " " 

S10 " " " 

S11 " " " 

S12 Oryza minuta Presl. Feb. 4 Juban, Luzon Small ditch separated from a paddy 
field by a small embankment. On the 
other side coco palms growing. 
Carabaos like to eat it. 

S13 " " " 

S14 " " " 

S15 Oryza perennis Moench. Feb. 7 " Prof. Pancho collected at Musuan, 
middle mountainous area of 
Mindanao Island in 1960. Specimens 
are a part of his collection. 
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b: Collected in New Guinea 

No. Species Date Place Habitat 

S101 O. sativa L. Feb. 17 Beipa, Bereina In forest. 

S102 O. perennis Moench. Feb. 23 Madang A population consisting of about 100 
plants growing in a swamp in the 
vicinity of coco palm grove. S103 " " " 

S104 " " " 

S105 O. sativa L. Feb. 24 Maiwyn, Madang Disease spots. 

S106 O. perennis Moench. Mar. 5 Opeco, Koembe Swamp on the side of river. Stream 
fairly fast. Local name "Yuni". 

S107 " " " 

S108 " " " 

S109 O. longiglumis Jansen " " Muddy swamp 2-4m deep, half-shaded 
by Eucalyptus. 

S110 " " " 

S111 " " " 

S112 " " " 

S113 O. perennis Moench. " Baad, Koembe Swamp on the side of river. 

S114 " " " 

S115 O. longiglumis Jansen Mar. 6 Baad － Wajaw, Koembe Similar to S109. 

S116 O. perennis Moench. Mar. 7 Baad, Koembe Same habitat as that of S113. 

S117 O. longiglumis Jansen Mar. 5 Baad, Koembe Swamp 2-5m deep, half-shaded by 
Eucalyptus and Pandanus. 
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VIII. Abstract of diary 

 
Jan. 21 (Sat.) Loft Tokyo for the Philippines by KIM. Arrived in Manila in the 

afternoon. Met Dr. Wortman. 
 22 (Sun.) To Baguio by car. Visited Bureau of Plant Industry (BPI) and 

Baguio Exp. Station. 
 23 (Mon.) To Lagawe by car. Visited Dept. Agri. & Natural Resources 

Bureau of Agri. Extention. Provincial Agri., Bontoc Town and 
Agri. Ext. Worker, Fbulao Kiangan. 

 24 (Tue.) To Santiago, Sant Mateo, Bayombong and San Jose by car. 
Visited Isabera BPI and Agri. College. 

 25 (Wed.) To Nueva Eciya and back to Manila by car. Visited Central Luzon 
Agri. College, Maligaya Exp. Station in Nueva Eciya and Univ. of 
the Philippines. 

 26 (Thu.) Met Dr. Chandler and Dr. Wortman. To Zamboanga via Cebu by 
PAL. Visited BPI in Zamboanga. Searched for wild rice 
populations (O. minuta) in the vicinity of Zamboanga. 

 27 (Fri.) Searched for wild and cultivated rice in the vicinity of 
Zamboanga by car. 

 28 (Sat.) Searched for wild rice in the southern district of Zamboanga. Left 
Zamboanga to Bacolod via Cebu by PAL. Visited Univ. of San 
Carlos in Cebu City. 

 29 (Sun.) To Hinigaran by car. Searched for cultivated and wild rice (O. 
minuta and O. abromeitiana). Visited BPI in Bacon. Back to 
Manila by PAL. Met Dr. Oka in Manila. 

 30 (Mon.) Visited International Rice Research Institute. To Puerto Princesa 
via San Jose by PAL. Visited BPI in Puerto Princesa. 

 31 (Tue.) To Inagawan, Aborlan and Brooke's Point by car. Visited 
Inagawan Sub-Colony in Inagawan and Agri. High School in 
Aborlan. 

Feb. 1 (Wed.) Searched for wild rice (O. granulata). To Narra by car. 
 2 (Thu.) Returned to Puerto Princesa by car. Visited again BPI in Puerto 

Princesa. To Manila via San Jose by PAL. 
 3 (Fri.) To Legaspi by PAL and to Sorsogon by bus. 
 4 (Sat.) Visited Government of Sorsogon. To Gubat, Casiguran and Juban 

by car. To manila by PAL and Los Baños by bus. 
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 5-6 (Sun.- Mon.) 
  Stayed in Los Baños, Visited Dr. Capinpin in College of 

Agriculture, University of the Philippines and International Rice 
Research Institute. 

 
 7 (Tue.) To Manila by car. 
 8-10 (Wed.- Fri.)  
  Stayed in Manila to obtain the visa for Netherlands New Guinea. 
 11 (Sat.) Left Manila for New Guinea by Qantas in the evening. 
 12 (Sun.) Arrived in Port Moresby in the morning. 
 13 (Mon.) Visited Department of Agriculture, Stock & Fisheries, in 

Konedobu. Met Dr. Shaw, plant pathologist. discussed and 
arranged about the schedule of the next trip. 

 14 (Tue.) Searched the forest area in eastern and southern suburbs of Port 
Moresby by car. 

 15 (Wed.) Visited again Department of Agriculture, Stock & Fisheries. To 
Bereina by PAT. Visited Lowlands Agricultural Experiment 
Station. 

 16 (Thu.) Visited Beipa by car and Amoamo and Rarai on foot. 
 17 (Fri.) Walked to Engefa via Cacapunga River. 
 18 (Sat.) Walked to Ioi and Imounga. 
 19 (Sun.) Walked to Inawauni and Beipa. Returned to Bereina by car. 
 20 (Mon.) Left Bereina for Port Moresby by PAT. 
 21 (Tue.) To Lae by TAA. Visited Division of Botany and arranged the trip 

for the next day. Studied the specimens kept here and visited 
Botanical Garden. 

 22 (Wed.) Went to Mumeng by car to search the mountain and meadow 
areas. 

 23 (Thu.) To Madang by TAA. Visited Department of Agriculture. Searched 
the swamp area in the vicinity of Madang. 

 24 (Fri.) To Maiwyn by oar to collect cultivated rice in the eastern suburbs 
of Madang. 

 25 (Sat.) Left Madang for Hollandia via Wewak by TAA. 
 26-28 (Sun.- Tue.) 
  Stayed Hollandia, visited Department of Agriculture. Searched 

the mountain area in the vicinity of Hollandia. 
Mar. 1 (Wed.) Visited Agricultural Experiment Station and Inland Fish 

Experiment Station in Hollandia. 
 2 (Thu.) To Merauke by De Kroorduif and to Koembe by boat and car. 
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 3 (Fri.) Visited Stichting Agrarische Bedrijven in Koembe. Investigated 
the experimental rice field and arranged for the next trip. 

 4 (Sat.) To Opece by boat in the Koembe River. 
 5 (Sun.) To Baad by boat. Searched for wild rice (O. perennis and O. 

longiglumis) by canoe. 
 6 (Mon.) To Wajaw by boat. Searched also for wild rice (O. perennis and O. 

longiglumis) by canoe. 
 7 (Tue.) To Sarors by boat. Searched for wild rice. 
 8 (Wed.) Returned to Koembe by boat, visited again Stichting Agrarische 

Bedrijven in Koembe. 
 9 (Thu.) To Merauke by boat and car. Visited New Project of Stichting 

Agrarische Bedrijven in Oeroembe, and Department of 
Agriculture in Merauke. 

 10 (Fri.) To Biak via Hollandia by De Kroonduif. 
 11-12 (Sat.- Sun.) 
  Stayed in Biak searching the suburbs of Biak. 
 13 (Mon.) To Manokwari by De Kroonduif. 
 14 (Tue.) Visited Forestry Division in Manokwari. To Agricultural 

Experiment Station. 
 15 (Wed.) To Maroeni by car to explore the sea-side and mountain area. 
 16-18 (Thu.- Sat.) 
  Searched the mountain area. 
 19 (Sun.) Returned to Biak by De Kroonduif. 
 20 (Mon.) To Manila by KLM. 
 21 (Tue.) Visited College of Agriculture, University of the Philippines to 

receive wild rice (O. minuta and O. perennis). Left Manila for 
Taiwan by CAT. 

 22 (Wed.) Visited Agricultural Experiment Station and National Taiwan 
University. 

 23 (Thu.) To Tainan by train. Visited Taiwan Sugar Research Institute. 
 24 (Fri.) To Chiayi by train. Visited Chiayi Branch Station, Agricultural 

Improvement Station of Tainan District and Chiayi Agricultural 
Experiment Station. To Taichung by bus. 

 25 (Sat.) Visited Taiwan Provincial Agricultural College, Taichung 
District Agricultural Improvement Station and Taiwan 
Provincial Seed Testing Laboratory. 

 26 (Sun.) Looked around in the suburbs of Taichung. Returned to Taipei by 
bus. 

 27 (Mon.) Taipei to Tokyo by CPA. 
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REPORT OF TRIP FOR INVESTIGATION OF RICE  
IN LATIN AMERICAN COUNTRIES  

1960 - 1961 
 

Hiko-Ichi OKA 
National Institute of Genetics, Japan 

 
Under the research project "Studies on the origin of cultivated rice", subsidized 

by the Rockefeller Foundation, the writer visited Central and South American 
countries for investigation and collection of rices, especially of wild species. He left 
Japan in late October, 1960 and returned in middle February, 1961 while the days he 
spent in Latin America were from November 21, 1960 to January 21, 1961, since he 
had stopped in the United States and Taiwan on both going and returning tours and in 
Manila on the return. 

In planning this trip, a difficulty was that the countries to visit extend over both 
sides of the equator, while the proper season for collection of rice seeds would differ 
between the northern and southern hemispheres by half a year. It was impossible to 
travel for more than half a year so as to cover the whole area of Central and South 
Americas. The writer chose the proper season for the northern hemisphere (late fall to 
early winter) and limited his route to the Amazon (approximately 5°S). He expected 
that the conditions in the tropics of northern hemisphere might to some extent prevail 
in the equatorial area, though actually he found that the season of rice in the Amazon 
basin was that of the southern hemisphere. Further, the points of interest he had in 
mind at his departure were: what differences are found between the American and the 
Asian types of Oryza perennis, if the so-called spontanea type is found in the American 
perennis, if introgression between wild and cultivated rice populations occur in 
America as in Asia, if the Indian poeple had known to utilize rice before the influence 
of Western civilization, how the habitats of O. latifolia and its related speciea are, and 
so on. During the trip, a number of wild rice populations were found and observations 
were made with the above problems. Results of those observations are briefly 
mentioned in this report. 

Acknowledgements should be made before going further. The writer is indepted to 
Dr. H. Kihara, director of the Institute and to other Institute members for their kind 
guidances and encouragements. He is also grateful for the generous grant of The 
Rockefeller Foundation bestowed on the Institute which enabled us to project 
investigation tours. Further, he expresses his hearty thanks to Dr. C. Roy Adair of Agr. 
Res. Service, USDA, and to Dr. Jason R. Swallen of Smithsonian Institution for their 
kind instructions and advices, and to many ladies and gentlemen in various agricultural 
institutions of Latin American countries (listed later) for their kind helps during the trip. 
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I. Distribution and Habitats of Wild Oryza Species in America. 

a) Geographical distribution. 

The wild species of Oryza known in Central and South Americas are five, i.e., 
perennis, latifolia, alta, grandiglumis and subulata. All the cultivated varieties grown 
in America may be regarded as belonging to O. sativa. Geographical distribution of the 
above-given five wild species is shown in the map in Fig. 1, which was drawn from 
records of collection of herbarium specimens kept in Smithsonian Institution, 
Washington, D. C. The places at which the writer found wild populations are also 
shown in the map. 

 
Fig 1. Distribution of wild Oryza species in America. 

As the map shows, O. perennis has been found in Cuba, Dominica, British and 
Dutch Guianas and in the Amazon basin, but not from Mexico, Guatemala, Honduras, 
Nicaragua and Costa Rica. It was once reported from Panama (Agudulce, Prov. Cocle) 
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in 1911, but never again. This species found from Cuba was first named O. cubensis by 
Ekman, but Hitchcock (1936. Manaual of the grasses of the West Indies, Washington, 
D.C.) recognized it to be O. perennis Moench. Dr. J. R. Swallen of Smithsonian 
Institution also considers that O. cubensis is synonimous with O. perennis. O. perennis 
is distributed in many tropical countries of the world. The plants found in Cuba as well 
as in South America seem to have certain characters in common, e.g., large grain size, 
high fertility, etc., by which they can be distinguished from their Asian relatives. They 
may then be called O. perennis v. cubensis. 

O. latifolia is distributed in almost all tropical American countries. O. alta is 
closely related to O. latifolia; it has longer grains (6 - 10 mm), and thicker and more 
erect culms than the latter, but actually the distinction between the two species is 
often difficult. It is possible that a series of intergrades occurs between them bringing 
about various types and O. paraguayensis is one of such types. The distribution of O. 
alta is limited to the Amazon basin and contiguous countries, with the exception of one 
specimen collected from Canton Greek, British Hondurus. 

O. grandiglumis, characterized by the long empty glumes, is also limited to the 
Amazon basin and its continuous areas. It was reported from French Guiana by Dr. 
Jean Hoock, but the specimen (preserved in Instituto Agronomico do Norte, Belem, 
Para, Brazil) seemed to be of O. perennis. 

O. subulata is limited to the southern part of Brazil (perphaps south of the new 
capital Brazilia) and Uruguay; the writer could not visit this area. 
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b) Habitat of O. perennis. 

It is not very easy to find this species in Latin America. In Cuba, two populations 
were found, one in a small lake near Corralillo, and the other in a swamp near 
Convento, both in Santa Clara State. The former site was a permanent swamp with 
tall grasses, the depth of water being 60 cm or more when the writer visited in late 
November. The wild plants grew forming small colonies. The latter was a muddy 
swamp in the big marshy area called "zapata". An area of several hectares was covered 
by a dense population of this wild species, in which a few palm trees were standing. 
Plants with rhizomes were not found in both populations. O. perennis was first 
reported in Cuba from Pinar del Rio. But the writer could not find it there. 

In British Guiana, a big population was found in a large swampy savanna along 
the Wakapoa Creek, a tributary of the Pomeroon River. It was once reported by 
Hitchcock in 1906. The writer could trace the route and reach the site thanks to Mr. 
Vansyltman, 79 years old, a farmer living on the bank of the Pomeroon, who 
remembered Dr. Hitchcock's expedition. The savanna was several square-kilometers 
large and one to two meters deep, and a number of scattered plants or small colonies 
were found there. In spite of the deep water condition, the plants had no rhizomes. 

In Suriname (Dutch Guiana), two populations of O. perennis were found in ponds 
surrounded by forests, about 40 km south of Paramaribo. The depth of water was 50 
cm to one meter when the writer visited in late December. The plants also had no 
rhizomes. Plants in one of the two populations seemed to the writer to have a tendency 
to resemble the spontanea type of Asian perennis. 

In the Amazon basin, O. perennis is plentiful in riverside swamps or lakes which 
are inundated when the river water rises, as well as on the shore of rivers. It is known 
that the tributaries of the Amazon differ in color, pH value and other chemical 
properties of water, but the distribution of this species did not seem to be affected by 
tne differences. They are of floating habit, and often elongate to a length of several 
meters with the increase of river water. According to their growing habit, they may be 
classified into two types: One is the populations which initiate flower buds and reach 
maturity in April to June when the maximum water level is reached. The other is the 
populations which flower in January to February during the increase of river water 
and then are submerged in water. The former type was widely distributed in many 
places, while the latter was found around Manaos, the midstream of the Amazon. In 
spite of their deep water habit, plants with rhizomes were not found. It is said that 
they are of annual habit and are swept away after maturity (Ohta, M. 1934. Growing 
habit of wild rice in the Amazon. In Jap. Amazonia Sangyo-Kenkyusho Geppo, 4). 
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In the upper-reach area of the Orinoco in Colombia, a population of this species 
was found in a marshy pasture which was dry when the writer visited in middle 
January. The plants were relatively small (about 50 cm), and had many tillers and 
relatively short anthers; they thus seemed to resemble the spontanea type of Asian 
perennis, though this conclusion should be confirmed by experiments. The population 
site was several kilometers distant from rice fields. If they were the spontanea type, it 
may be said that the spontanea occurs not only in Asia but also in America, and its 
origin is not due to hybridization with cultivated rice as supposed by some Indian 
scholars. 

In general, the habitats of O. perennis in Latin American countries seem to differ 
from those in India and other Asian countries in the following respect: 

1) The populations in America are isolated from cultivated rice, making a sharp 
contrast to those in Asia which are mostly in touch with cultivated rice, as shown in 
Table 1. 

2) Except for the Amazon basin, O. perennis is rather rare in America, while it is 
quite common in Asia. 

3) All the plants found by the writer had no rhizomes and seemed to be highly 
fertile. In this respect, all of them may be regarded as resembling the spontanea type 
of Asian perennis, though in morphological features a few of them appeared to be so as 
already mentioned.
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Table 1. Comparison of habitats of wild rices among Asia, Africa and America. 
Type or Species Water level in early dry 

season 
Distance from nearest rice field 

Dry 
 

0 

Swampy 
 

<50cm 

Deep 
 

>50cm 

In rice 
field 

0 

Very 
close 
<2m 

Close 
 

2-20m 

Distant 
 

>20m 

Isolated 
 

>1km 
ASIA:            

Perennis   3 11 1 2 5 5 1 

Interm.   11 3 3 1 7 1  

Spontanea 6 13   3 1 10 4 1 

AFRICA:  

(From Dr. K. Furusato) 

           

Perennis (barthii) 4 7 4 1 2 4 4 4 

O. brevili-gulata 6 6 1 5 2 3  3 

AMERICA:            

Perennis 1 3 9 1*       12 

* A population in Cuba, rice fields were recently opened in proximity. 
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c) Habitats of other species. 

O. latifolia and O. alta: A population of O. latifolia found in Cuba was in a road 
side ditch which was not shaded by trees and was dry when the writer visited in late 
November, The populations of this species found in Guatemala, in both the Pacific and 
the Atlantic costal regions, were in swamps also not shaded by trees. The habitats of 
those found in Costa Rica however varied from dry raad-side ditches under direct 
sunlight to swampy pasture and hillside slopes which are shaded by trees. A 
population was found in a swamp just behind the seashore together with a Crinum 
species (similar to Hamaomoto in Japan), but none was found in lands higher than 100 
meters. In general, the size of the plants seemed to depend on topography or water 
supply in the habitats; the plants in dry lands were as low as 50 cm, while those in 
ditches and swamps were as high as two meters. 

In South America, the distinction between O. latifolia and O. alta is a problem to 
be considered. According to Dr. J. R. Swallen, O. alta grows in deeper swamps than O. 
latifolia, but the writer could net investigate this point. In British Guiana, a small 
population was found in a railroad-side ditch in forest. In view of the long and slender 
grain shape, the plants may be regarded as O. alta. The ditch was however almost dry 
and was halfshaded by banana trees. The population found in Suriname, presumably 
of O. latifolia, was in ditches in an old coffee estate with big covering trees. In the 
upper-reaches of the Orinoco in Colombia, a population of O. latifolia was found in a 
road-side ditch which was not shaded by trees and was dry when the writer visited in 
middle January. 

From the morphological resembrance as well as from the results of genome 
analysis, O. latifolia and O. alta are considered to be in close relation with O. officinalis 
and O. minuta. The latter two species, which are distributed in tropical Asia, are as a 
rule found in forests or at the edge of forests shaded by trees. In contrast, the American 
species of this group, O. latifolia grows under direct sunshine. This may be said to be a 
difference from its Asian relatives. 

O. grandiglumis: Populations of this species were found around Manaos, 
Amazonas, Brazil. One was on the bank of a small river connecting Lake Janawaka 
with the Solimoes (the main stream of the Amazon). The land was dry and was 
half-shaded. Another was found on a river-side terrace of the Solimoes, where the land 
was rather swampy and half-shaded. The third population found in the northern 
suburb of Manaos was in a samll river, about one meter deep and not shaded by trees. 
Thus this species seems to occur in different habitats. Unfortunately, all the plants 
found by the writer (in early January) were in the vegetative stage, so that only living 
plants could be collected. They produce panicles from March to May. 
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d) Variations in heading season, a hypothetic review. 

It may be taken for granted that the main factors controlling the maturity season 
of rice are the annual periodicity of day-length and rainfall or inundation of river water. 
The former is completely determined by latitude. The latter may be understood, in 
general, as follows: Tropical as well as subtropical countries in latitudes higher than 
10°N have one rainy season in summer months (usually May to September), while the 
areas under the equator (10°N to 10°S) have two rainy seasons a year. For instance, in 
Cuba, Mexico and Guatemala, May to October is the rainy season, though the actual 
rainfall differs according to topography. In contrast, Costa Rica (the Atlantic coast) as 
well as Guianas have the benefit of two rainy seasons, June to September and 
December to January. The same relation holds good also in Asia. However, in the 
Amazon basin, though rain is distributed throughout the year, the most part is from 
December to May. The minimum and maximum water levels of the river (in the 
mid-stream) are seen in late October and in late May respectively, the difference being 
10 to 15 meters. 

It is generally found in Asian countries that the lower the latitude, the later the 
heading or maturity date of rice. From an analysis of this trend found in 
growing-season experiments made in Taiwan, the writer has pointed out that, in 
photoperiodically sensitive varieties which head in the fall, the lower the latitude of 
distributing area, the shorter the critical day-length and the higher the sensitivity to 
photoperiod (Oka, H. I. 1953. Jap. Jour. Breed., 4: 92-100; Oka, H. I. 1958. Phyton, 11: 
153-160). This indicates that photoperiodic response is adjusted primarily to latitude. 
He has also shown that the same is true in populations of O. perennis (Asian materials 
inclusive of the spontanea type or O. sativa f. spontanea), which were mostly 
photo-sensitive (Oka, H. I. and Chang, W. T. 1960. Bot. Bull. Acad. Sinica, 1: 1-14). 
They head in fall in accordance with their photoperiodic responses which are adjusted 
to latitude, while their heading time is approximately the same as those of cultivated 
varieties grown in the same locality. 

On the other hand, in cultivated rice, photoperiodically insensitive varieties are 
found in various latitudes, and the varieties grown in equatorial countries are 
generally insensitive (Oka 1953, 1958). They head after a certain duration of growing 
period irrespective of the day-length, so that they may be grown at any time if other 
conditions such as temperatures and water supply are suitable. However, such 
photo-insensitive varieties also show a certain pattern of response to the season. They 
can express their yielding capacity only when they are grown in certain seasons. For 
instance, in Taiwan, rice is seeded in January to February (first crop) and in July 
(second crop); if seeded in other months, yield decreases on account of declines in 
tillering, fertility and other respects. In Ceylon, Dr. K. I. Sakai of the Institute found 
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that there are two seasons in which fertility becomes high. According to Dr. J. Acuna of 
Estacion Experimental Agronomica, Cuba, the same tendency is found also in Cuba. 
The reasons for such a seasonal limitation in photoperiodically insensitive varieties 
are not well known, but these facts suggest that rice has two seasons in general, one in 
fall and the other in spring. It seems that the actual growing seasons in tropical 
countries are determined by rainfall, but the above-mentioned facts found in 
experiments under irrigation suggest that varieties may have been adjusted so as to be 
adaptable to various conditions other than water supply which are given by the season. 

The occurrence of two seasons in cultivated rice would suggest that wild rice may 
also have two maturity seasons, if not very sensitive to photoperiod. The 
insensitiveness of cultivated rice in equatorial countries may lead us to a question, if 
the same is true in wild rice, or not. Keeping these problems in mind, the maturity 
seasons of wild populations were examined in relation to the latitude of their habitats. 
Data were obtained from the records of collections in the Institute's expedition trips 
and from those of herbarium sheets kept in Smithsonian Institution, Washington, D. C. 
The results for O. perennis are given in Table 2. 

The data in Table 2 show that the main maturity season of O. perennis is in fall 
months, varying from October to January in northern hemisphere according to the 
latitude. It is interesting to find that populations in the equatorial region such as the 
Amazon basin also head in the same season (May to August, may be corresponded to 
November to February in the northern hemisphere). If the plants are photo-sensitive 
should be tested. In addition to the main season in fall, however, the second season, 
May to August, is found in subtropical (Taiwan and South China) as well as in 
equatorial (Ceylon, British Guiana, etc.) countries. This may be compared to the 
additional crop season in cultivated rice. 

In the Amazon basin, as already mentioned, there are two types of populations in 
O. perennis, one reaching maturity after the arrival of maximum water level, and the 
other before that. The heading season of the former type may be regarded as 
representing the main season in fall. The latter type, heading in January (July in the 
northern hemisphere) may represent the second season. The plants of this type are 
submerged in water after maturity. How such a special type of adaptation is 
established in the second season is an interesting problem to be studied. 
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Table 2. Geographical variation in maturity season of O. perennis populations. 
Locality Lat. No. of specimens collected in: 

Mar. Apr. May June July Aug. Sep. Oct. Nov. Dec. Jan. Feb. 

Taiwan 25°N   3*     3*     

Kuangton, China 24°N   1     4     

Bengal, India 23°N        2*     

Burma 22-17°N        8* 10*    

Cuba 22°N        1 5, 2*    

Orissa, India 21°N        5* 25*    

Chiengmai, Thai. 18°N         6*    

Andhra, India 17°N         6*    

Konkhen, Thai. 16°N          9*   

Bangkok, Thai. 14-13°N         1 6*   

Senegar-Gambia# 12°N        4* 5*    

Guinea-Sudan# 11°N         16*    

Malabar, India 10°N        1 1* 4*   

Panama 9°N          1   

Wau, Sudan, Africa 9°N          2*   

Ghana-Nigeria# 8°N        3 2* 8*   

Ceylon 7°N     1     1, 2*   

British Guiana 7°N   1  1 1    1*   

Suriname 6°N          2*   

Malaya 5°N          1 30*  

Amapa-Rio Branca, 

Brazil 

2°N     3 1       

  Sep. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug. 

Para-Amazonas 1-5°N 1    1, 

6* 

 1 1 5 3 3 2 

Equador 2°N      1       

Uganda-Tanganika 3°N   1  1 3   3 3 1  

New Guinea 5°N      1*      1 

Northern Austra. 12°N  1         2  

Nyasaland, Africa 13°N        1     

Matto Grosso-Jatehy, 

Brazil 

14°N               2         

* Collected by the Institute's expedition trips. 
# In Africa, including O. breviligulata (No marked difference was found 

between perennis and breviligulata in maturity season). 
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Table 3. Geographical variations in maturity season of populations of other Oryza 
species than perennis. 

a) O. latifolia, alta and grandiglumis. 

Locality Lat. Sp. No. of specimens collected in: 

Ap. May Jn. Jl. Au. Sp. Oc. Nv. Dc. Ja. Fb. Ma. 

Cuba 22°N la.      1 1 1*     

Mexico 20°N la.    3  1*      1 

Puerto Rico 19°N la.          1   

Guatemala-Nicaragua 15°N la.  1 1 1 1 1  1,2* 3*  3 5 

Trinidad 11°N la.        1 1    

Costa Rica 10°N la.       4 2 4*    

Panama 9°N la.     3 1   2 1 1  

Venezuela 8°N la.        1 1   1 

British Guiana 7°N la. al.       1  1*    

Suriname 6°N la.     1     1*    

French Guiana 4°N la. al.      1 2    1  

  gr.        3     

Amapa, Brazil 2°N al. 1   4         

  gr.         1    

Colombia 5-0°N la.  2       1 2,1* 1 2 

  al.       2      

  gr.            1 

Para-Amazonas, 

Brazil 

5-0°S la. 2 1 1 3 1  1      

  al. 3 3 4 8 1  3  1 3   

  gr. 4 3 2 5 4 1 2 1 2    

Equador 2°S la.   1 1  1       

Ｐｅｒｕ 4°S la.  1      1  1   

  gr. 1    1   1    1 

Maranhao, Brazil 5°S la.   1 1       2 2 

  al.   1 1         

Guapore, Brazil 8°S al. 

gr. 

  3  1        

Bolivia 10°S la.            1 

Paraguay 24°S la.               2     1   
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b) O. minuta, ridleyi and granulata. 

Locality Lat. Sp. No. of specimens collected in: 

Ap. May Jn. Jl. Au. Sp. Oc. Nv. Dc. Ja. Fb. Ma. 

Thailand 15°N mi.             1 1         

  gn.    1    1 1    

  ri.        1     

Philippines 10°N mi.    1  1 2 3 3 1 2 2 

  gn. 1     1      1 

Sumatora-Borneo  mi. 1  2 2  1 1      

 0° ri.    1         

New Guinea 5°S mi, 1            

    ri. 2                 1     

a. -- latifolia al. -- alta gr. -- grandiglumis 
mi. -- minuta ri. -- ridleyi  gn. -- granulata and meyeriana 
* Collected by the writer. 

 
The same survey as for O. perennis was made in O. latifolia and other species. 

The results are given in Table 3. It seems that O. latifolia, O. minuta, etc., belonging to 
the Officinalis Group (Morishima and Oka. 1960. Evolution, 14: 153-165), are 
generally not so sensitive to photoperiod as O. perennis. The maturity season varys in 
a wide range not only in equatorial countries but also in higher latitudes. However, it 
is found in Table 3 that the main season occurs in fall months. 



 

 
- 102 - 

II. Interrelationships between Wild and Cultivated Rices in America. 

As shown in Table 1, the habitats of O. perennis in Asia are for the most part 
close to rice fields. It has been found that introgressive hybridization occurs between 
wild and cultivated rices giving rise to intermediate wild-cultivated populations or 
hybrid swarms (Oka and Chang. 1959. Phyton 13: 105-117, and 1961. Evolution, in 
press). It is also known that intermediate wild-cultivated types grow in certain regions, 
such as the Jeypore Tract, India. This suggests that in certain localities of tropical Asia, 
some condition which enables wild and cultivated rices to intercourse exists, and the 
presence of such a condition may be an important factor in the origin of cultivated rice. 
Question may then arise as to if such an intercourse of wild with cultivated rice is 
limited only to Asia, or can be found also in America. Some investigations were made 
along this line. 

a) Hybridization between wild and cultivated species. 

Only a case was found in Cuba (near Convento, Santa Clara) in which 
hybridization between wild and cultivated rices occurred. A population of O. perennis 
had been in a large swampy area, while a part of the swamp was recently reclaimed as 
rice field. Then, at the fringe of the wild population adjoining the rice field, a zone of 
hybrid plants was made up. The zone was about ten meters wide, and various plants 
ranging from wild to cultivated types were found. It was apparent that this hybrid 
swarm was established only a few years ago; rice fields were still under construction 
when the writer visited the site. 

The above example shows that hybridization between wild and cultivated rices is 
possible in America as well as in Asia. In America, however, wild populations are 
rather rare and rice cultivation is not so wide-spread and historically new. As already 
mentioned, most populations of O. perennis in Latin American countries were quite 
distant from rice fields (Table 1). The chances wild and cultivated rices meet may then 
be quite limited. It may be said in general that in America, wild and cultivated rices 
are isolated from each other. 

Somebody may suspect that O. perennis found in tropical America might have 
been introduced from other countries together with the seeds of cultivated rice. 
However, the isolation of wild populations from cultivated rice itself may reject such a 
view. This is argued by Dr. A. S. Hitchcock (1936. Manual of the Grasses of the West 
Indies. U. S. Government Printing Office: p.145) saying that "it (O. perennis) is not a 
weed and has never been found among cultivated rice. It grows in pineland swamps far 
from human dwellings as, for instance, in Cienaga de Lanier, Isla de Pinos, Cuba, 
where rice has never been cultivated. It is, I repeat it, absolutely out of the question 
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that it could be an escaped form of the cultivated rice. It is, moreover, perennial, not 
annual, as O. sativa." 

b) The relation between native people and rice. 

In the present day, half-a-dozen different kinds of people live together in tropical 
America. For instance, in Guianas are Northern Europian, Latin, African, East Indian, 
Chinese and American Indian; in Brazil as well as in Cuba, Latin, African and 
American Indian are mix-blooded. However, before the discovery of the New Continent 
and subsquent colonization in the XVth century, the only people living in America were 
the American Indian tribes. They already had in those days some agriculture -- their 
cultivation of corn, manihot and many other plants may be refered to ethnological 
publications from Smithsonian Institution and others. But it is not easy to distinguish 
cultivated from wild plants in their agriculture, because all intermediate grades are 
found in different species; for instance, when they clear up a forest, plants useful for 
them are left uncut, and may sometimes be transplanted near their residence. They 
may then choose plants good for harvesting (Steward, J. H. 1950. Handbook of South 
American Indians. Smithsonian Inst., Bureau of American Ethnology, 143, p.480).  

Regarding how the American Indians have utilized rice, two different views are 
set forth from a sruvey of literature: One is "completely no", and the other is that "they 
have harvested wild rice". According to the 38th Annual Report of Smithsonian 
Institution (Bureau of American Ethnology, 1916-17: p.219), "though rice was 
introduced from East Indies, it was growing wild on the Orinoco, certainly a couple of 
centuries ago. It is a very singular and noteworthy thing that on the lands subject to 
inundation of the Rivers Orinoco, Meta, Apure, Casanare, Tame and others, in places 
of the reeds which are generally seen in other lakes in those of the said rivers, rice is 
found growing, increasing and ripenning. It arises in the moist soil without anyone 
sowing or cultivating it. The inexperienced Indians do not recognize the use of this 
precious grains, but little birds do". It is also reported by Dr. J. H. Steward that "wild 
rice (O. subulata?) is abundant in Uruguay, Rio Grande do Sul, in the marshes of the 
upper Paraguay and of the Guapore Rivers, and of the Orinoco valley, but the Indians 
do not seem to have consumed it. According to Hoehne, O. sativa may be aboriginal in 
South America." 

Mr. Vincent Roth, head curator of the Museum of British Guiana, who is an 
experienced observer of natural history and ethnology, also distinctly denied the 
possibility of Indians having known to use rice as food before the influence of other 
civilizations, when the writer visited him. In Guianas, however, in addition to the 
American Indiana, the so-called Bush Negros live in the interior. They are decendants 
from African slaves who have escaped from estates more than a century ago. They 
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grow rice in forest by a primitive shifting method. Some Indian tribes in touch with 
them have learned from them and grow rice at present (Geijskes, D. C. 1954. De 
Landbouw bij de Bosnegers van de Marowijne. De West-Indische Gids, 35: 135-153). 
However, there are many different tribes in the Indians, some being agricultural and 
others not. The staple crop of most South Ameican Indians is manihot (cassava), and in 
addition corn, ocra, peanut, rice, taro, yam and others are grown Thus, it may be 
concluded in the first place that the American Indians have not known to use rice 
before Colombus, though wild rice was plentiful in rivers and swamps. 

However, there is another literature showing that some Indian tribes have 
harvested seeds of wild rice. Mr. F. C. Hoehne (Botanica e Agriculture no Brazil, Cycle 
16, 1937; original in Portuguese) mentions that "Andrea Sprecher von Bernegg, in his 
important observation (Tropische und Subtropische Weltwirtsschaftspflanzen) says 
that corn is the only cereal America possessed and produced, and may be considered as 
a factor of human civilization in this part of the world. However, it is not known if here 
they had and cultivated rice also. We find that when Cabral's boats arrived here, some 
men walking through a village of Indians were offered from them several things, 
among which rice was included. Technicians might say that it might most likely be 
corn, because the Portuguese people would not be acquainted with rice and would 
mistake. Others will however argue that it was undoubtedly wild rice (Oryza caudate 
Trinius, synonimous with O. sativa L). Richel and other botanical visitors and 
travellers considered rice to be a crop of the swamps of Matto Grosso and Bolivia, and 
also of the dry lakes of Araes in thesouthern part of the said States. Or, the plants will 
be O. subulata Nees, which grows spontaneously in the Southern Territory of Rio 
Grande and in Uruguay. Meanwhile, let us see if such hypotheses can be accepted 
without discussion, or if it is not likely that the native American Indians in Brazil 
actually possessed and cultivated rice, that is, the species which Linneus determined 
as O. sativa. The above-mentioned author textually said that in Central Africa and in 
Brazil, the native rice covers a large area of swampy lands adjacent to rivers. Natives 
use canoes to reach those formations, whip the ripen straws with a stick, so that rice 
grains fall into the canoe. They likewise harvest those floating on the water. This 
procedure is not a modern one since Walter May (Die Reiskultur insbesonders in 
Brasilien. Botanishe Zeitung, 1862) already stated it, and H. Winkler's Reiz (1926) 
refers to the same fact adding that native rice does not mean a wild or primitive form 
of rice culture. Further, Sprecher von Bernegg said that the first attempt to cultivate 
rice (from Europe) in Brazil was made in Maranhao in 1745, with excellent results. In 
1750, it was introduced in Garanhuns, Pernambuca; it is for this reason that this 
region is called Serra do Arroz (land of rice). From these bibliographical statements by 
reliable authorities, it is concluded that 1) native rice existed here, because natives 
offered rice to Cabral's companions, when they arrived in the village far from the coast, 
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2) it is not yet verified if cultivated rice (O. sativa) is an improved species of the native 
rice or a degenerated species, 3) rice brought to Europe was introduced in Maranhao, 
around 1745, and 4) in Africa, as well as in Asia and Brazil, there are vast swampy 
regions where rice grows, a rice species known as native rice." 

It is also writen by Paul le Cointe (Amazonia Brasileira, III. Arvores e Plantas 
Uteis. 1947. Sao Paulo, p.52; original in portuguese) that "it (wild rice) is good before 
fruiting for feeding animals. The seeds are dangerous for cattles because of stiff awns. 
In Matto Grosso, Indians harvest them in canoes and use as food." According to Dr. 
Walter Egler, director of the Museu Paraense (Belem, Para, Brazil), who has recently 
visited the same area, the Indians in the swamp of MattoGrosso collect wild rice grains 
by shaking panicles over their canoe. The fact that the Indians in northern United 
States collect seeds of Zizania aquatica and sell them as "wild rice" also suggests that 
such a type of collection of wild grains might have been practiced by other tribes. 
However, there is no evidence for cultivation of rice by Indians. It may be accepted 
beyond doubt that cultivated rice has not been created in tropical America. 
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III. Rice Culture in Latin American Countries. 

a) History of rice culture in America. 

A brief review of the history of rice culture in the United States is given by R. K. 
Walker (1954. Rice. Louisiana State Dept. of Agriculture and Immigration; c.f. Gray, L. 
C. 1933. History of agriculture in the southern United States to 1860. Vols. I & II. 
Carnegie Institution of Washington. Washington, D. C.) as follows: Rice was first 
grown in the United States at Charleston, South Carolina, about 1685. This 
experimental seeding showed that rice was adapted to the area and then it became 
established in the state. Rice growing then spread gradually into North Carolina, 
Georgia, Alabama, Mississippi and Florida. The colonial population was so sparse in 
1770 that 76 million pounds of milled rice was exported. In 1849 South Carolina, North 
Carolina and Georgia were still growing 90 percent of the total crop in the United 
States. This situation was abruptly changed after The Civil War as there was a rapid 
increase in rice acreage along the Mississippi River in Louisiana. There the crop 
became of major importance in 1887 when it was discovered that rice could be grown 
profitably on the prairies of south-western Louisiana, and in 1889 Louisiana became 
the leading state in rice production. Rice growing extended to the prairies of 
south-eastern Texas about 1900 and to the prairies of eastern Arkansas in 1905. In 
California, commercial production d rice was begun in 1912 in the vicinity of Biggs. 
Five thousands acres of rice was grown along the Mississippi River in the state of 
Mississippi in 1950 and 29,000 acres in 1951. The trend toward rice in that state could 
make it one of the major rice producing states in the future. It is said that the first rice 
seeds brought to South Carolina in 1685 were from Madagascar by a boat which had 
wrecked at Charleston. 

According to Dr. J. Acuna of Agr. Exp. Station, Cuba (already mentioned), the 
history of rice in Cuba is estimated as follows: A primitive rice variety called "Arroz de 
la terria", maybe of Spanish origin, was first introduced by Canalian residents around 
1850. Sugar cane was also brought into Cuba by Spanish people in the same days. In 
those days, every farm had its closed economy, so that rice was grown for 
self-consumption. After independence, the old type of economy was broken down, and 
the United States people came to establish sugar industry. The Juban Government 
started a policy in 1918 to increase rice production. Since 1940, rice producing 
companies were established under a subsidy of the Ministry of Agriculture, and made 
demonstrations and experiments. After the revolution in 1959, they were reorganized 
as cooperatives. The present commercial varieties can be divided into old ones from 
Spain and new ones from United States which are originally from Philippines, 
Thailand, China and Japan; rice breeding was started in 1951. 
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In Costa Rice, the introduction of rice was after her independence in 1821, and 
not from the United States. 

Regarding rice in British Guiana, V. Roth (Pepper Pot. Georgetown. 1958) 
mentions as follows: Whilst it cannot be denied that the wonderful expansion of rice 
industry in British Guiana has been due to the energy of her East Indian settlers, the 
frequently repeated statement that they introduced rice-growing in Guiana is not in 
accordance with historical fact as it was after 1865 that the East Indians began to grow 
rice here on a commercial scale. A hundred and fifteen years before that date Storm 
Van Gravesande, the great Dutch Governor of Essequibo and the founder of Demerara, 
in a despatch to the State General in Holland, written at Fort Island en 19th June, 
1750, states: "The English colony in Carolina derives most of its revenue and support 
from the cultivation of rice, whereby several planters have, from very small beginnings, 
become large capitalists. The soil in our colonies produces rice of a much better colour 
and size than that of Carolina and it has this important advantage over it; whereas in 
in Carolina it takes a year to grow each crop, five months only are required in 
Essequibo, so that here twelve crops can be grown against five in Carolina. Again, the 
rice in Essequibo has not the red husk which gives so much trouble in Carolina to get 
off." ---- In addition to the introduction of rice to Guiana by the Dutch, evidently from 
Carolina, the French during their short occupation in 1782, introduced a further lot of 
paddy from their American colony of Louisiana. ---- In 1853 some paddy was 
introduced from Georgia and grew very satisfactorily. That same year a company was 
formed in Georgetown for the cultivation of a hundred and fifty acres of rice at Pln. 
Vive-la-Force on the Demerara River, ----. It was not until 1865 that the East Indians 
first came into the picture as local rice growers. In that year encouragement was given 
to people from the hill districts of India to cultivate rice in West Demerara and sixteen 
acres was grown with satisfactory results. The industry expanded until 1870 but then 
the area became reduced and two years later only a small amount of cultivarion was 
carried on in the Abary district by East Indians. In 1886 however the rice industry 
began its steady progress to the present day with the result that from the few scattered 
acres of two hundred years ago the British Guiana rice crop of 1954 consisted of 80,900 
tons of rice produced from 139,500 acres. 

As Mentioned above, the rice culture in the New Continent seems to go back to 
the period 1650 to 1750 in most countries. In Brazil, "rice was first introduced about 
four hundred years ago, but no records are published" (Theodor Peckolt: Historia das 
Plantas de Uso no Brazil). However, the extension and development of rice culture in 
most Latin American countries seem to be in the last fifty or less years. The varieties 
grown at present have been introduced from Europe, Africa, Madagascar and India, 
though recently introduction was made from many other countries. 
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Table 4. Acreage and yield of rice and consumption of nitrogenous fertilizers in 
American and other countries, approximate figures in 1953. 

Country Area of rice 
field 1,000 ha 

% of rice to 
total arable 

land 

Average yield 
ton/ha 

N. fertilizer 
consumption* 

kg/ha/year 
North and Central America:      

United States 862 0.9 2.77 9(?) 
Mexico 94 0.5 1.62 1.3 
Cuba 18 0.9 1.09 7   
Dominica 51 8   1.46 3   
Guatemala 10 0.7 1.12  
El Salvador 14 3   1.72  
Nicaragua 34 4   1.42  
Costa Rica 37 10   1.29 10(?) 
Panama 80 18   1.38 1.1 

     
South America:     

Colombia 150 6   1.90 1.6 
Venezuela 49 2   1.00 0.6 
British Guiana 55 46   2.45  
Suriname 20 69   2.86 7   
Chile 29 0.8 2.75 4   
Brazil 2,383   2   1.45 0.1 
Argentina 63 0.2 3.39 0.3 

     
Asia:     

Iraq 95 1.7 1.73  
Pakistan 9,928 41   1.40 0.4 
India 31,017 23   1.33 0.6 
Ceylon 449 30   1.27  
Burma 4,044 47   1.39 0.1 
Thailand 5,931 85   1.39 0.4 
Cambodia 1,205 30   1.25 0.1 
Viet Nam 1,870 42   1.32 0.3 
Malaya 333 15   1.93  
Indonesia 6,387 58   1.61 1.7 
North Borneo 29 14   1.75  
Philippines 2,920 64   1.09 6   
Taiwan (2 crops) 778 45   5.24 86   
Japan 3,004 59   4.13 89   
Korea 1,069 24   3.29 22   

     
Africa:     

Egypt 178 7   3.67 45   
French West Africa 790 8   0.70 1.1 
Congo 164 3   1.08 0.0 
Tanganyika 57 0.5 0.77 0.0 
Zanjibar 8 6   1.65  
Madagascar 697 55   1.47 0.4 

     
Other countries:     

Italy 175 1.1 5.30 13   
Spain 68 0.3 5.77 6   
Australia 30 0.1 3.36  

     
World total 99,300 9   1.71   

* A rough ostimate for total arable land. 
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b) Distribution and yield of rice in America. 

At the present day, rice is grown in all North, Central and South American 
countries, except Canada and Alaska. The acreage, its percentage to total cultivated 
area, and average yield per hectare are given in Table 4. As the table shows, major rice 
producing countries in America are Brazil (Sao Paulo and other Southern States) and 
United States (Louisiana, Texas, Mississippi, Arkansas, and California), and Colombia 
is next to them. However, in these and other countries, rice is a minor crop in the sense 
that its acreage in percent of the total cultivated area is small. Countries with high 
percentages in America are only British and Dutch Guianas. 

As in other parts of the world, yield is generally high in temperate countries, i.e., 
United States and Argentina, while British and Dutch Guianas, though tropical, show 
a relative high yield. Other tropical American countries show figures as low as in 
tropical Asia and Africa. It is interesting to find in Table 4 that rice yield is highly 
correlated with the rate of consumption of nitrogenous fertilizers. Though the use of 
nitrogen itself is not so effective as such, especially under tropical climate, it may serve 
as a measure of technical advancement of agriculture which promotes production. 

c) Types of cultivation. 

Rice cultivation In the New Continent may be classified into lowland (irrigated) 
and upland (non-irrigated) cultures, the former prevailing in North America (United 
States) and the latter in South America. In both, direct seeding is generally practiced, 
except for Suriname (Dutch Guiana) where transplanting prevails. 

In another sense, however, classification into advanced and primitive types may 
be made. The former is represented by rice culture in the United States, in which big 
machineries, enough irrigation water, fertilizers, insecticides and herbacides are used. 
For instance, in Louisiana, the land is first leveled, plowed and pubverized and levees 
are prepared to hold irrigation water, then seeds are drilled (about 100 kg/ha) or 
broadcasted (about 140 kg/ha) together with fertilizers (usually 35-70 N, 22-45 P2O5 

and 0-45 K2O in kg/ha), and covered by disking (in April to May). When the seedlings 
stand, the field is flooded first at the depth of 3 to 6 cm and then the depth is gradually 
increased to 12 to 24 cm to control weeds. The total amount of water required is 50 to 
200 cm, according to the permeability of subsoil. At maturity (in August to September), 
water is drained and harvesting is made by self-propelled combines (Wasson, R. A. and 
Walker, R. K. 1955. Louisiana Rice). Further, about 1930, seeding on the water by 
airplane was begun in California in order for better control of weeds, and was found to 
give satisfactory results. Airplane seeding then increased rapidly, and now about 90 
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percent of acreage in California and about 15 percent in southern States are sown from 
the air. Applications of fertilizers and chemicals by airplane are also made. 

The above-mentioned method of rice growing in the United States does not seem 
to the eyes of Japanese technicians to be very "intensive", in the respects that seedlings 
are not raised in seed-bed under special care, mechanical weeding is not made, and the 
water kept is too deep (many experiments prove a suppressing effect of deep water on 
tillering). In Louisiana, average grain yeild reaches 2.5 ton/ha or more, but if we 
followed some parts of the method in Japan or in other Asian countries, it would be 
difficult to expect such a yeild. It seems that cultivation techniques of a crop constitute 
a system which needs a particular type of varieties and may become adapted as the 
whole to given natural and social conditions. Though different systems may be 
compared with each other, a separate part of it, such as the depth of water to be kept, 
may be criticized only within the scope of the system. Thus, the method of rice culture 
in the United States may be said to be an established intensive system. 

In contrast to the above-mentioned, the primitive type of rice culture in America 
may be based on the old traditional method of southern European countries. After 
plowing the land, direct seeding is made by hand. Irrigation is not made or cannot be 
controlled well, and fertilizers, insecticides and other chemicals are not applied. For 
harvesting, sickles are used but no machine threshers. Rice panicles cut with straws 
are striken on a wood frame to drop grains in the same manner as in tropical Asia, so 
that easily shedding varieties are needed. Yield is usually as low as one ton per 
hactare. 

In Latin American countries, it may be generally said that lowland rice culture 
approaches the advanced method practiced in the United States, while upland culture 
remains relatively primitive. For instance, in Cuba, they have lowland and upland 
rices; the former is grown by nearly the same method as adopted in Louisiana using a 
relatively large amount of fertilizers, and about 2.3 ton/ha is harvested in good farms, 
but the latter is quite primitive and is for self-consumption of farmers. 

However, exceptional cases are also found. In Costa Rica, rice is grown for the 
most part in upland fields without irrigation. It is accordingly limited to the rainy 
season which brings about a sufficient rainfall and humidity. In the upland farms, big 
machineries, fertilizers and herbacides are however used. The land is plowed and 
harrowed, and seeds are drilled with fertilizers by tractors. Then, weeding and 
top-dressing of fertilizers are made by hand or by tractors. For harvesting, tractors or 
combines are used. The amount of fertilizers applied is 22-33 N, 33-66 P2O5 and 0-7 
K2O in kg/ha, and yield is about 1.5 to 2.0 ton/ha. Techniques are now being improved. 
In Guatemala, a similar type of upland culture is practiced, but the acreage of rice is 
quite limited, and a primitive culture is also found. 
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In British as well as Dutch Guianas, rice and sugar cane are the principal 
industry. In both countries, rice is grown in lowland farms mostly with irrigation 
canals, but the growing is limited to the rainy seasons. In British Guiana, more than a 
half of the acreage is to some extent mechanized and directry seeded. Rice farmers are 
mostly East Indian people, so that Indian varieties are predominant and growing 
techniques seem to be influenced by their traditions. Control of weeds is made by a 
repetition of flooding and drying, and nitrogenous and phosphoric fertilizers are used 
at different doses. A difficult problem here is the increase of "red rice" (grains with red 
pericarp) which spoils quality. The red rice might have come from India (where it is 
abundant) together with imported seeds, and might have increased because of its high 
resistance to unfavorable conditions. The writer has seen in an old rice field kept in 
furrow for three years many naturally growing rice plants, most of which were of red 
rice and some were awned and of easily shedding type. Since red rice is a dominant 
character, it is easy to remove if transplanting and weeding were made. Otherwise, 
careful preparation of land before seeding may decrease the percentage. In both cases, 
needless to say, seeds provided by a foundation seed system should be used. In Dutch 
Guiana, transplanting is made in the greater part of farms, and they have paid effort 
for variety improvement for years. Accordingly, the mixture of red rice is not an 
important problem. They usually use 20-60 kg/ha of nitrogen with a small amount of 
phosphoric acid and potash, and get a relatively high yield (up to 3 ton/ha). Direct 
seeding and mechanization are desired to decrease the cost of production. 

In Brazil, as well as in most South American countries, rice, is grown in upland 
farms in the rainy season. In the Amazon basin, a shifting method is being practiced by 
the farmers: Forests are cleared up and burnt, then rice is seeded as an intercrop of 
other perennial crops such as rubber, pepper, garana, etc. In the second year, rice is no 
longer grown again in the same land. This might be the cheapest way to produce rice 
under the conditions that both man labor and capital are lacking but a vast unexplored 
land is available. If the soil is rich and other conditions are favorable, a high yield such 
as 3 ton/ha can be obtained in the first year without using fertilizers, but in general 
yield is low. A more advanced rice growing is apparently possible, but a difficulty is 
that transportation costs too high. 

As mentioned above, different methods of rice growing are found in Latin 
American countries. It may be said that in some countries, the method to grow rice is 
not well established yet; more experiences, experiments and devices are needed. It 
would be of foremost importance to determine the best crop season. Needless to say, the 
best season in each country may differ according to varieties and other conditions. The 
actual crop seasons in different Latin American countries are given below. They have 
been empirically chosen according to the rainy season, but in most countries, 
experiments for determining growing seasons have hot been conducted sufficiently.
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  (Seeding) (Harvesting) 

Cuba (lowland) I May-June Oct.-Nov. 

 II Dec. May 

    

Guatemala (upland)  July Nov. 

    

Costa Rica (upland),    

Northern Pacific (dry)  July Nov.-Dec. 

Southern Pacific (humid)  April-June Oct.-Dec. 

North-eastern Atlantic (humid) I May Oct.-Nov. 

 II Nov. Mar.-Apr. 

    

British Guiana (lowland) I May Oct. 

 II Nov. Mar.-Apr. 

    

Dutch Guiana (lowland)  Apr. Sep.-Oct. 

    

Brazil (upland),    

Para and Amazonas (shifting)  Jan.-Apr. Apr.-Aug. 

Maranhao  Dec. May-June 

Rio Grande do Sul I Dec.-Jan. May-June 

 II June-Aug. Oct.-Nov. 

    

Mexico,    

Coast of Gulf. Calif. (upland)  Dec.-Jan. July 

Morelos (lowland, transpl.)  May-June Oct.-Nov. 

Veracruz (upland)    

 

In the above list, it is interesting to find that in several countries, two crops are 
raised a year, though they are not always in the same land. For those two crops, the 
same variety is often used. Such a variety might be insensitive to photoperiod, or might 
behave as insensitive because of its relatively long critical day-length. 

d) Rice varieties in America. 

In Asia, rice varieties grown at present, either improved or non-improved, are 
mostly indigenous to the country in the sense that they or their parent were introduced 
in ancient times and have been selected under the conditions of the given country. 
They have been grown in respective countries for so long a time that their regional 
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adaptation is firmly established. It is actually experienced that a variety is limited to a 
certain region and introduction of varieties from foreign countries, especially from 
countries in different latitudes, is unsuccessful. 

In contrast to this, Latin American countries have no indigenous rice variety. As 
already mentioned, they were introduced from Europe, Africa and Asia, mostly in the 
past one hundred years. Introduction is still vigorous at the present day, from United 
States, Asia as well as from other Latin American countries, and in each country 
varieties from various parts of the world are grown together. It seems to the writer that 
this respect is the most important difference between American and Asian rices. For 
instance, in most countries the writer has visited, varieties introduced from southern 
United States are grown inspite of the big difference in latitude. The reason for this 
may be conceived as follows; 1) In Latin America, experiences of farmers as well as 
experiments by research institutions are not accumulated enough to find regional 
adaptation of varieties. The varieties now used may not always be adaptive, and better 
varieties will be needed for increasing yield. 2) Market quality of grains -- long and 
transparent -- is regarded as more important than yield. 3) Most rice varieties of 
southern United Stated may be Insensitive to photoperiod (Jodon, N. E. 1953. Growing 
period of leading rice varieties when sown on different dates. Louisiana Bulletin, 476, 
Louisiana State University), so that they can be grown in different latitudes. 4) It may 
or may not be said that in Japan as well as in Taiwan, rice breeders are too much 
sensitive to regional adaptation of varieties. 

It seems that most rice varieties grown in Latin American countries are of the 
so-called Indica type, though characters differentiating the Indica from the Japonica 
types have not been examined in them. However, according to Dr. P. R. Jennings of the 
Rockefeller Foundation, Bogota, Colombia, varieties of the Japonica type are promising 
at a relatively high altitude (about 1,000 m), if an amount of fertilizers is applied. The 
only difficulty for recommending those varieties is that short grains are of low market 
value in America. 

Rice breeding is being conducted in some countries in recent years, though in a 
small-scale. The purposes of breeding, the writer has known, are as follows: 

Cuba ----------  An unique commercial character, long transparent grains, yield 
and resistant to Hoja blanca. 

Costa Rica --   Resistances to Piricularia oryzae and Hoja blanca, and yield. 
Suriname ---  Stiff straw for machine harvesting, resistance to weeds, and 

resistance to bad water condition. 
Colombia ----  Resistance to Hoja blanca, yield and quality. 

e) Diseases and pests. 
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A virus disease, Hoja blanca, is regarded as the most important in Cuba, 
Colombia and Venezuela. It is transmitted by certain races of leafhopper, Sogata 
orizicola Muir or S. cubana Crawf. The percentage of transmission differs according to 
races, while the resistance to the virus varies among rice varieties. It is found that 
Japonica varieties, especially the Horai varieties of Taiwan, are resistant. There might 
be however some unknown factors determining the prevalence; it is said that in two 
neighboring rice fields apparently with the same condition, it may happen that one is 
seriously infected while the other is not. 

Blast disease (Piricularia oryzae) damages rice in Costa Rica. Though varieties of 
the Indica type are considered to be resistant in general, in some upland farms in the 
Atlantic coastal region of Costa Rica, seedlings with several leaves are often seriously 
infected. The prevalence may be due to the high humidity. Many strains are being 
tested for resistance to this disease and other characters. Blast is an important disease 
also in Guianas. On the ether hand, Helminthosporium spot disease occurs in many 
countries in lands with poor soils. It is often accompanied by various physiological 
symptones presumably caused by some unbalance in nutrient supply. Cercospora leaf 
spot disease also damages rice in Guianas. 

The diseases of rice known in southern United States are: seedling blight 
(Sclerotium rolfsii), root knot (nematode), brown spot or Helminthosporium leaf spot 
(Helminthosporium oryzae), blast (Piricularia oryzae), narrow brown leaf spot 
(Cercospora oryzae), brown-bordered leaf spot (Phyllostieta glumarum), leaf smut 
(Enthloma oryzae), bordered sheath spot (Rhizoctonia oryzae), black sheath rot 
(Ophiobolus oryzinus), reddish-brown sheath rot (Helicoceras oryzae), stem rot 
(Leptosphaeria salvinii and Helminthosporium sigmoideum irregulare), etc. In Latin 
American countries, survey of rice diseases has not been made in detail. (U.S.D.A. 
Farmers Bulletin, 1854. 1951) 

In contract to Asia, rice stem borers do not occur in American countries. In 
southern United States, stink bug (Lagynotomus assimulans) is the only insect pest of 
economical importance. It seems that in Latin America, many different insect species 
occur in rice fields, but none is of particular importance in general. On the other hand, 
in Suriname, a freshwater snail (Pomacea dolioides) causes a great deal of destruction 
by eating young leaves of rice seedlings. 
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List of Collection 

No. Species Date Place Habitat 

Cuba-1* 
(W1167) 

O. perennis  Nov. 22, 60 "Guadal Farm", 
Corrallio, Santa 
Clara, Cuba 

Swamp, about 60cm deep, more 
than 50m ×50m, several 
hundreds meters apart from 
nearest rice field. 

Cuba-2 
(W1168) 

O. latifolia Nov. 23, 60 Vertientes, 
Camaguey, Cuba 

Road-side ditch in pasture, dry, 
ca. 5m×100m. 

Cuba-3* 
(W1169) 

O. perennis  Nov. 24, 60 Convento, Santa 
Clara, Cuba 

Muddy swamp, about 20cm deep, 
a part being used as rice field, 
more than 100m×100m. 

Cuba-4* 
(W1170) 

Natural hybrid of O. 
perennis and O. 
sativa 

Nov. 24, 60 " A part of the above population 
adjacent to rice field. 

Cuba-5 
(W1171) 

O. perennis  Oct. 10, 60 Isla do Pinos, Cuba Collected by Dr. H. Nakayama. 

Guatemala-1 
(W1172) 

O. latifolia Nov. 29, 60 Retalbuleu, 
Guatemala (200km 
from G. City) 

Swampy pasture, about 50cm 
deep, more than 100m×100m. 

Guatemala-2 
(W1173) 

" "   " 
(205km from G. City) 

Road side ditch, dry, ca. 
5m×20m. 

Guatemala-3* 
(W1174) 

" Dec. 1, 60 Los Amate, Izabal, 
Guatemala 

Swampy patch between 
embankments of road and 
railway, about 50cm deep, ca. 
10m×30m. 

Guatemala-4 
(W1175) 

" Dec. 2, 60 Los Amate-Monales, 
Izabal, Guatemala 

Road-side swamp, dry to about 
30cm deep, ca. 5m×20m. 

Guatemala-5 
(W1176) 

" " " Similar to the above 

Costa Rica-1 
(W1177) 

O. latifolia Dec. 9, 60 Barranca, Costa Rica Pasture, dry, half-shaded by 
trees, about 5m×20m. 

Costa Rica-2 
(W1178) 

" " " Road-side ditch, dry, about 
5m×100m. 

Costa Rica-3 
(W1179) 

" " " A small ditch in forest, dry, a few 
plants. 

Costa Rica-4 
(W1180) 

" " " Forest, inclined and dry, 
half-shaded, a few plants. 

Panama-1 
(W1181) 

" --- San Lorenzo, 
Chiriqui, Panama 
(Called "Arroz 
duende" in Panama) 

Collected by Mr. Rafael Rioboo 
(From Mrs. Gutierez, Turrialba, 
Costa Rica) 

British 
Guiana-1 
(W1182) 

O. alta or O. latifolia Dec. 14, 60 Mahaicony, B. G. 
(Near railway station 
"Burma") 

Railway-side ditch, dry, 
surrounded by banana trees and 
half-shaded, ca.5m×10m. 

British 
Guiana-2 
(W1183) 

O. perennis Dec. 16, 60 Wakapoa Creek, 
Pomeroon River, B. 
G. 

Submerged savanna, more than 
1m deep, more than 1km×1km. 

Suriname-1* O. latifolia Dec. 21, 60 Northern suburb of Ditches in forest, half-shaded by 
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(W1184) Paramaribo, 
Suriname (ca. 1km 
from the Suriname 
River) 

trees (old coffee plantation), 
about 30cm deep. About 
1m×10m. 

Suriname-2 
(W1185) 

O. perennis Dec. 21, 60 About 40km south of 
Paramaribo, near 
railway station 
"Republik" 

Pond, about 1m deep, 10m×30m. 
No rice field nearby. 

Suriname-3 
(W1186) 

O. perennis 
(spontanea-like 
type) 

" " Swamp, about 30cm deep ca. 
30m×100m. No rice field nearby. 

Belem-1 
(W1187) 

O. perennis Dec. 31, 60 West bank of Lago 
Arari, Marajo Island, 
Para, Brazil 

Swampy pasture, soil moistened, 
many plants in a large area, 
more than 1km×1km. (Plants 
were collected and being kept in 
Museu Paraenze, Belem) 

Manaos-1* 
(W1188) 

O. perennis Jan. 6, 61 Along Rio Solimoes, 
about 20km up from 
the junction of Rio 
Negro, Amazonas, 
Brazil 

River, more than 1m deep, about 
5m×10m. No rice cultivation 
nearby. 

Manaos-2 
(W1189) 

" " " River, about 3m deep, about 
50m×100m. 

Manaos-3 
(W1190) 

O. perennis Jan. 7, 61 Lago Janawaka, 
Amazonas, Brazil 

Lake, about 3m deep, a big 
population for several 
kilometers. No rice cultivation 
nearby. 

Manaos-4 
(W1191) 

" " Rio Negro, near the 
junction of Rio 
Solimoes 

River-side inlet, about 3m deep, 
ca. 10m×50m. No rice cultivation 
nearby. 

Manaos-5 
(W1192) 

" Jan. 11, 61 Northern suburb of 
Manaos (Cachaeira 
Grande dos Bilhares) 
Amazonas, Brazil 

River, about 2m deep, ca. 
10m×20m. Variation in color was 
found. No rice cultivation 
nearby. 

Manaos-6 
(W1193) 

" " " River, about 3m deep, about 
5m×50m along river, no rice 
cultivation nearby. 

Manaos-7 
(W1194) 

O. grandiglumis Jan. 8, 61 Near the bank of Rio 
Solimoes, reached 
from Beravesta 
Japanese Colony, 
Amazonas 

Forest on river-side terrace, 
half-shaded, about 10m×10m. 
(Plants were collected). 

Manaos-8 
(W1195) 

" Jan. 11, 61 Northern suburb of 
Manaos (Near the 
site of Manaos-5) 

River, about 1m deep, ca. 
5m×10m. (Plants were collected). 

Colombia-1 
(W1196) 

O. perennis 
(spontanea-type) 

Jan. 14, 61 About 27km east of 
Villavicencio, Meta, 
Colombia (Rockefeller 
Farm) 

Swampy pasture near a shallow 
pond. Dry, rich of humus. ca. 
30m×50m. No rice cultivation 
nearby. 

Colombia-2 
(W1197) 

O. latifolia Jan. 15, 61 About 6km west of 
Peurto Lopez, Meta, 
Colombia 

Road-side ditch, dry, a few 
plants. 

* indicates that seeds were collected on a single plant basis, in addition 
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to the mixture of seeds from a number of plants which may represent 
the population. 
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(Cultivated rice varieties -- O.sativa) 
LA-1 
(C8314) 

Nov. 23, 60 Vertientes, Camaguey, Cuba An upland variety grown by a primitive farmer. 

LA-2 
(C8315) 

Nov. 24, 60 Convento, Santa Clara, Cuba A lowland variety in a field near the site of Cuba-3, 
4 (O. perennis) 

LA-3 
(C8316) 

--- Estacion Exp. Agronomica, 
Santiago de las Vegas, Cuba 

An improved variety selected by Mr. Cueto, and 
called "Cueto 58". 

LA-4 
(C8317) 

Nov. 29, 60 Retalbuleu, Guatemala A variety grown by Indian farmer in a ratooned 
upland field, near the site of Guatemala-2 (O. 
latifolia). 

LA-5 
(C8318) 

Nov. 30, 60 Gomera, Guatemala A variety introduced from U.S., in an upland field, 
grown subsidized by Government. 

LA-6 
(C8319) 

" " A popular variety in Guatemala, in the same farm 
as the above. 

LA-7 
(C8320) 

Dec. 9, 60 Barranca, Costa Rica "Bluebone 50" introduced from U.S., in an irrigated 
lowland farm. 

LA-8 
(C8321) 

" " An offtype (B) in the above population. 

LA-9 
(C8322) 

" " An offtype (C) in the above population, awned, 
grains black, and easily shattering. 

LA-10 
(C8323) 

Dec. 9, 60 Experiment Station, 
Barranca, Costa Rica 

A variety introduced from U.S. 

LA-11 
(C8324) 

Dec. 15, 60 Adventure, British Guiana 
(Government storehouse) 

"No. 79", generally grown in B.G. 

LA-12 
(C8325) 

" " "D110", generally grown in B.G. 

LA-13-25 Dec. 14, 60 Mahaicony, British Guiana Seeds of naturally growing plants in a grassland in 
furrow, in which rice was grown three years ago. 
Some plants were awned, of red rice, and of easily 
shattering type. The original variety was 
introduced from India according to them. 

LA-26 
(C8326) 

--- Landbouwproefstation, 
Paramaribo, Suriname 

"Holand", an improved variety selected in 
Suriname. 

LA-27 
(C8327) 

--- " "Dima", an improved variety selected in Suriname 
from hybridization. 

LA-28 
(C8328) 

--- " A variety grown by Bush Negro people, called 
"Alala A Hei Pouw" 

LA-29 
(C8329) 

--- "      "     ,  "Joro-jori". 

LA-30 
(C8330) 

--- "      "     ,  "Carolina". 

LA-31 
(C8331) 

--- "      "     ,  "Witi Alesie". 

LA-32 
(C8332) 

Jan. 9, 61 Beravesta Colony, Manaos, 
Amazonas, Brazil 

An upland variety grown in a shifted farm, together 
with pepper, (A) 

LA-33 
(C8333) 

" "      " (B) 

LA-34 
(C8334) 

--- From Mr. Takamura, 
Manaos, Amazonas, Brazil 

A variety grown in Amazonas, called "Texas". 
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LA-35 
(C8335) 

--- " A variety grown in Amazonas  (1) 

LA-36 
(C8336) 

--- "           " (2) 

LA-37 
(C8337) 

--- "           " (3) 

LA-38 
(C8338) 

Jan. 15, 61 Lopez, Meta, Colombia A veriety grown in an upland farm. 

LA-39 
(C8339) 

Dec. 29, 60 Suburb of Belem, Para, 
Brezil 

Escape in a river in forest. 
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Abstract of Diary 

1960 
Oct. 25 Left Tokyo for Taiwan by CAT. 
 26 Arrived in Taipei. Visited Taiwan Agr. Res. Inst. 
 27-29 Stayed in Taichung, engaged in experiments in Taiwan 

Provincial College of Agriculture, Taichung. 
 30(Su) Visited Dr. H. W. Li, Botany Inst., Acad. Sinica, in Tainan. 
 31 Stay in Taichung. 
Nov. 1-10        〃 
 11-12 Visited National Taiwan University and Taiwan Agr. Res. Inst., 

Taipei. Dr. K. I. Sakai of the Institute came to Taiwan. 
 23(Su) Left Taipei for U.S.A., by CAT to Hongkong, and by PAA to Los 

Angeles. Visited Sugar Experiment Station at Honolulu. 
 14 Arrived in Los Angeles, and continued trip to Kansas City by 

TWA. Then visited to Lawrence, invited by Dr. R. R. Sokal and 
other professors of University of Kansas. 

 15 Stay in Lawrence, Kansas. 
 16 Flight from Kansas City to Washington, D. C. by TWA, via St. 

Louis. Visited Dr. J. R. Swallen in Smithsonian Institution. 
 17 Stay in Washington, D. C., in the Smithsonian Institution. 
 18 Visited Dr. C. R. Adair in Agr. Res. Service in Beltsville, 

Maryland. 
 19 Stay in Washington, D. C. 
 20(Su) Flight to Miami, Florida, by EA. 
 21 Loft Miami for Havana, Cuba, by PAA. Stayed in Havana. 
 22 Visited Estacion Exp. Agronomica at Santiago do las Vegas. Then, 

started for field trip by a jeep, accompanied by Mr. Gortazal, 
under the kindness of Dr. R. E. A. Olive (director) and Dr.J. 
Acuna. A population of O. perennis (Cuba-1) was found. Stayed 
at Saguala Grande, Santa Clara. 

 23 Continued trip to Camaguey by the jeep. A population of 
O.latifolia (Cuba-2) was found. Stayed at Ciego de Avila. 

 24 Trip to Matanzas via Cienfuegos. A population of 
O.perennis(Cuba-3,4) was found in "zapata". 

 25 Returned to Havana. Gave a lecture at Agr. Exp. Station. 
 26 Left Havana in early morning for the western part of the island, 

Pinal del Rio. Wild rice was not found. 
 27(Su) Stay in Havana. 
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 28 Left Havana for Guatemala by PAA, via Tegucigalpa, Honduras 
and San Salvador, El Salvador. Stayed in Guatemala City. 

 29 Visited Instituto Agropecuario Nacional, La Aurora. Then, field 
trip to Mazatenango and Retalbuleu by a car accompanied by Mr. 
L. M. Castillo. Populations of O.latifolia(Guatemala-1,2) were 
found. Stayed in Mazatenango. 

 30 Returned to Guatemala City, through Esquintla (Kenaff exp. 
farm) and Lago Amatitlan. 

Dec. 1 Field trip to Izabal Province by a car accompanied by Mr.M. 
Hernandez. O.latifolia(Guatemala-3) was found. Stayed at 
Morales. 

 2 Returned to Guatemala City. By the way, visited Lago Izabal. 
O.latifolia(Guatemala-4,5) was found. 

 3 Gave a talk at the Institute of La Aurora, and stayed in 
Guatemala City. 

 4(Su) Left for Costa Rica by PAA. Stayed in San Jose. 
 5 Visited Ministerio de Agricultura e Industrias in San Jose. 
 6 Visited Instituto Interamericano de Ciencial Agricolas, Turrialba, 

with Mr. A. Vargas by his car. Gave a lecture and returned to San 
Jose. 

 7 Trip to upland rice farms in the Atlantic coastal area where blast 
disease prevails, accompanied by Mr. A. Vargas. By the way, a 
population of O.latifolia was found but seeds were not obtained. 

 8 Stayed in San Jose; it was a holiday in Costa Rica. 
 9 Field trip to the Pacific costal area accompanied by Mr. A. Vargas. 

Visited Agr. Exp. Station at Barranca, Populations of O.latifolia 
were found. Visited Puntarenas and stayed at Barranca. 

 10 Returned to San Jose. By the way, visited Mr. J. M. Arias, a 
citrus breeder. Then, left for Panama in night, by PAA. 

 11(Su) Looked around the Panama Canal and flew for Caracas 
(Maiqucta) by PAA. 

 12 Flight from Caracas to Georgetown, via Port of Spain, by PAA. 
 13 Visited Central Agricultural Station in Georgetown. 
 14 Field trip to Mahaicony district by a car, accompanied by Mr. P. 

Poonai. O. alta(?)(B.Guiana-1) was found. Returned to 
Georgetown. 

 15 Field trip to Pomeroon River area, accompanied by Mr. R. 
Persaud. Crossed the Demerara and the Essequibo Rivers by 
ferri-boat, and reached Charity through Parika and Adventure. 
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 16 Looked for wild rice by a boat, going down the Pomeroon River. A 
population of O. perennis (B.Guiana-2) was found in the 
Wakapoa Creek. Stayed at Government Guest House of Charity. 

 17 Returned to Georgetown from Charity. 
 18(Su) Stay in Georgetown. 
 19 Visited Mr. V. Roth in the Museum of Georgetown. Then flew to 

Paramaribo by PAA. 
 20 Visited Landbouproefstation (Agr. Exp. Station) in Paramaribo. 
 21 Field trip to northern and southern suburbs of Paramaribo by a 

car, accompanied by Mr. Van Dyk. O. latifolia and O. perennis 
populations (Suriname-1,2,3) were found. 

 22 Stay in Paramaribo. 
 23 Visited Dr. D. C. Geijskes in the Museum of Paramaribo and Agr. 

Exp. Station again. 
 24 Flight from Paramaribo to Belem, via Cayenne, by PAA. 
 25(Su;Christmas) 
  Stay in Belem. 
 26 Visited Dr. W. Egler in Museu Paraense and Instituto 

Agronomico do Norte. 
 27 Visited Japanese Consulate General in Belem. Stayed in the 

Museu. 
 28 Looked around the suburb of Belem with Mr. Paulo of the Museu. 
 29 Boat trip to an unknown lake, about 40 km from Belem, with 

German zoologists, Dr. Sattler and Dr. Schwassmann. A very 
hard trip but no wild rice was found. 

 30 Visited Dr. J. Murca Pires in Instituto Agronomico do Norte. 
 31 Hired a small Piper plane and flew to the western shore of Lago 

Arari in Marajo Island, together with Dr. W. Egler and Dr. 
Schwassmann of the Museu. Many young plants of O.perennis 
(Belem-1) were found. 

1961 
Jan. 1(Su) Visited Official Residence of Japanese Consulate General. 
 2 Left Belem for Santarem by Cruzeiro. In Santarem, hired a boat 

to cross the Tapajo River. Some plants of O.perennis were found 
on the shore of the river. 

 3 Stay in Santarem. Looked around the suburb. 
 4 Flight from Santarem to Manaos by Cruzeiro. Visited Drs, D. 

Baptista and A. Amorim in Instituto Nacional de Pesquisas da 
Amazonia(INPA). 
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 5 Stay in Manaos(IAPETC). Visited Mr. M. Takamura, office of 
Japanese Immigrants. 

 6 Field trip to Lago Janawaka, along the Solimoes River, by hiring 
a boat. Several populations of O.perennis (Manaos-1,2) were 
found. Stayed in the boat. 

 7 Looked around the Janawaka Lake and returned to Manaos. In 
the lake, O. perennis (Manaos-3,4) was plentiful. 

 8(Su) Visited Japanese Colonial Settlement in Beravesta, across the 
Rio Negro, accompanied by Mr. M. Takamura. O. grandiglumis 
(Manaos-7) was found. Stayed in Mr. Shishido's home in the 
colony. 

  9 Returned to Manaos and stayed. 
 10 Stay in Manaos and visited INPA. 
 11 Looked around the northern suburb of Manaos by a jeep with Dr. 

William Rodrigues. O.perennis (Manaos-5,6) and O. 
grandiglumis (Manaos-8) were found. 

 12 Loft Manaos for Bogota, via Medellin, by RAC. Dr. P. R. Jennings 
kindly met me at the airport. Stayed in Bogota. 

 13 Visit to the Rockefeller Foundation Office (Dr. U. J. Grant) and 
National University (Dr. J.M. Idrobo) in Bogota. 

 14 Field trip to Meta Province by a car provided by the Rockefeller 
Foundation, accompanied by Dr. Idrobo. O.perennis (Colombia-1) 
was found. Stayed at Villavicencia. 

 15(Su) Trip to Puerto Lopez across the savanna. O. latifolia 
(Colombia-2) was found. Stayed again at Villavicencia. 

 16 Looked around the suburb and returned to Bogota. 
 17 Visited the Rockefeller Foundation Office and Japanese Embassy 

in Bogota. 
 18 Flight from Bogota to Mexico City by REAL. 
 19 Visited the Rockefeller Foundation Office (Dr. D. Barnes, Dr. 

Johnson, and Mr. S. Kotsuji), and to the "Germplasm Bank" of 
corn in the Exp. Station. 

 20 Visited Japanese Embassy and the University City. 
 21 Flight from Mexico City to Los Angeles by WA. Dr. H. Lewis and 

Dr. Kurabayashi of University of California met me at the 
airport. 

 22(Su) Stay in Los Angeles. 
 23 Visit to University of California, Dept. of Botany, in Los Angeles. 
 24 Left Los Angeles for Hawaii by PAA. 



 

 
- 124 - 

 25 Visited Mr. R. Urata (Sugar Exp. Station) and Dr. H. Nakasone 
(Univ. of Hawaii) in Honolulu. 

 26 Flight from Honolulu to Manila by PAA. 
 27 Arrived in Manila and visited the Intern. Rice Res. Inst. 
 28 Dr. R. F. Chandler kindly took me to look around the construction 

site of the Institute at Los Banos. Stayed in the University Guest 
House in the Los Banos campus. 

 29(Su) Excursion to Tagaytay and Batangas due to the kindness of Dr. P. 
B. Escuro of College of Agriculture. Then, returned to Manila. 

 30 Visit to the IRRI Office again with Mr. T. Katayama of the 
Institute and Dr. J. Pancho. Dr. S. Wortman kindly invited me in 
night. 

 31 Left Manila for Taipei by CAT. Dr.J.Soriano (Univ.Philip.) invited 
me. 

Feb. 1 Visit to Taiwan Agr. Res. Inst. in Taipei. Then proceeded to 
Taichung. 

 2-5 Stay in Taichung, and engaged in arrangement of experimental 
data. 

 6 Visited Dr. H. W. Li of Botany Inst., Acad. Sinica at Tainan. 
 7 Gave a lecture in Sugar Res, Inst. in Tainan, and proceeded to   

Taipei. 
 8 Attended a meeting for rice studies in Taiwan Agr. Res. Inst.  
 9-17 Stay in Taichung. 
 18 Left Taichung for Taipei. 
 19 Left Taipei for Tokyo by JAL. 
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Cuba -----------------  Dr. Raul E. Alonso Olive, Dr. Julian Acuna, Estacion Exp. Agronomica, 

Santiago de las Vegas, Havana. 

Guatemala ---------  Dr. Mario Hernandes, Dr. Luis Manio Castillo, and Dr. Ovidio Amaya 

Galvey, Institute Agropecuario Nacional, La Aurora, Guatemala City. 

Costa Rica ---------  Mr. Alberto Vargas, Rice Investigations, Ministerio de Agricultura e 

Industrias, San Jose. 

  Mrs. Lucy Hastings de Gutierrez and Dr. Mario G. Gutierrez, Instituto 

Interamericano de Ciencial Agricolas, Turrialba. 

British Guiana ---  Dr. Harry Paul, Mr. P. Poonai, and Mr. R. Persaud, Central Agr. Station, 

Mon Repos, Georgetown (P.O.Box 174). 

  Mr. Vincent Roth, Museum, Georgetown. 

Suriname -----------  Dr. Van Dyk and other gentlemen, Landbouwproefstation (Agr. 

Exp.Station), Paramaribo (Postbus 160). 

  Dr. D. C. Geijskes, Surinaams Museum, Paramaribo. 

Brazil ----------------  Dr. Walter Egler, and other gentlemen, Museu Paraenze, Emilio Goeldi 

(Caixa Postal 399), Belem, Para. 

  Dr. Rubes Lima, and Dr. Joao Murca Pires, Instituto Agronomico do 

Norte, Belem, Para. 

  Mr. Tatsuo Ozaki, Mr. Nobutaro Kamimura, and other gentlemen, 

Consulado Geral do Japao, Edificio Importadora S/201-203, Av. 

Presidente Vargas 53 (Caixa Postal 912), Belem, Para. 

  Dr.Djalma Baptista,Dr.Antonie Amorim, and Dr. William Rodrigues, 

Inst. Nacional de Pesquisas da Amazonia (INPA), Manaos, Amazonas.  

  Mr. Masatoshi Takamura, 618, Rua 10 de Julho, Manaos, Amazonas. 

Colombia -----------  Dr. U. J. Grant, Dr.Peter R. Jennings, and Dr. William H. Hatheway, The 

Rockefeller Foundation, Colombia Office (Apartado Aereo 58-13), 

Bogota. 

  Dr. Jesus Idrobo, Instituto de Ciencias Naturales, Universidad Nacional, 

Ciudad Universitaria, Bogota. Mr. Toshikatsu Hatta. Embajada del 

Japon (Apartado Aereo 74-07), Bogota. 

Mexico --------------- Dr. Douglas Barnes, Dr. Johnson, Mr. Shoji Kotsuji, and other gentlemen, 

The Rockefeller Foundation, Londres 40, Mexico 6, D.F.  

  Mr. K. Date, Embajada del Japon (Apartado 1388), Mexico 1, D.F. 

 
The writer is very much obliged for the kind helps during the 

trip of the persons listed above. Also he is heartily grateful for 

the kindnesses of many ladies and gentlemen not listed. 
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Joint Report of Collection Trip to Mindanao,  
Philippines; January  

1963 
 

 (Submitted to National Institute of Genetics, Japan, and  
Institute of Botany, Academia Sinica, Republic of China) 

 
Hiko-Ichi Oka and Won-Tsai Chang 

 
Oryza perennis, a wild species closely related to O. sativa, is distributed in 

various tropical countries of the world. Since 1957, we have been working with this 
species in our cooperative studies on the origin of cultivated rice. When Oka visited the 
Philippines in early 1961, he was informed by Prof. J. Pancho of the College of 
Agriculture, University of the Philippines that a population of this species was found 
in Mindanao Island. He was interested in the plants as to how they would differ from 
other Asian forms of the same species. 

Taking the opportunity to visit the Philippines again to participate in the 
Symposium on Genetics and Cytogenetics of Rice, held by the International Rice 
Research Institute in early February, 1963, Oka planned to visit the population-site of 
O. perennis in order to observe the habitat and collect seed samples. Chang joined in 
Oka's trip generously ordered by Dr. H. W. Li of Academia Sinica to proceed to the 
Philippines for the same purpose; Chang's trip was made possible under a research 
project on rice genetics of the Institute of Botany, Academia,Sinica. Meanwhile, Dr. T. 
Tateoka, a grass taxonomist of Japan, planned a trip to Mindanao Island mainly for 
collecting O. officinalis and its related species. His trip was helped by the IRRI, and 
was guided by Prof. J. Pancho. Oka and Chang then joined them in a part of their 
schedule. 

We express our sincere thanks to the authorities of the IRRI. Dr. T. T. Chang of 
the IRRI, Dr. H. Kihara of the National Institute of Genetics, Japan, Dr. H. W. Li of the 
Institute of Botany, Academia Sinica, and Prof. J. Pancho and Dr. T. Tateoka, for their 
kind and generous helps, which enabled us to make this trip. 
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1. Abstract of Diary. 

Date (H.I.Oka) (W.T.Chang) 
Dec.13,1962 Tokyo-Taipei (CAT) 
Dec.14-Jan.3,1963 Stay in Taiwan 
Jan. 4,1963 Taipei-Manila (CAT) 
Jan.4-26 Stay in IRRI,Los Banos 
Jan.21  Taipei-Manila (CAT) 
Jan.22-25  Stay in IRRI 
 

(Oka and Chang) 
Jan. 26 (Fine at Manila, Cloudy and rainy in Mindanao) Sent to the 

Domestic Airport of Manila by an IRRI's car. Left Manila by PAL 
at 9:00Am, and arrived in Cagayan de Oro at 1:55PM, after a 
stop at Cebu for one hour on account of bad weather. Met Prof. J. 
Pancho and Dr. T. Tateoka at Cagayan do Oro, and took a taxi to 
Mindanao Agr. College, Musuan through Malaybalay (146 km, 
about 5 hours). Stayed in the dorm of the College. 

Jan. 27 (Cloudy and rainy) Walked to Lake Apo (about 5 km, 3 hours), 
guided by Mr. V. Dosado of the College. Collected seeds and 
plants of O. perennis in the lake. Stayed in the College. 

Jan. 28 (Cloudy and rainy) Returned to Cagayan de Oro by a jeep, and 
took PAL's flight to Manila, then to Los Banos by an IRRI's car. 
Prof. Pancho and Dr. Tateoka proceeded to Cebu to continue their 
trip. 

Jan.29-Feb.2 Stay in IRRI, Loa Banos. 
Feb. 3-9 Symposium on Genetics and Cytogenetics of Rice. 
Feb. 10 Visited Maligaya Rice Experiment Station, Central Luzon, by an 

IRRI's car. 
Feb. 11 Manila-Taipei (CAT) 
 

(H.I.Oka) 
Feb. 12-21 Stay in Taiwan 
Feb. 22 Taipei-Tokyo (JAL) 
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2. Materials collected. 

a) Seeds of O. perennis taken from 40 plants separately. 
 
b) A living plant taken from the same population. 
 
c) Seeds taken from 10 populations of O. officinalis (or O. minuta) and a population of 

O. meyeriana, and living plants from these populations (Collection by Tateoka and 
Pancho; explanations in Appendix). 

 

3. A description of O. perennis population. 

Place: Lake Apo, Musuan, Malaybalay; about 5 km from Mindanao Agr. 
College.(7°2/3 N) Visited by Profs. J. Pancho, V. Dosado, Drs. Tateoka, Oka and Chang, 
on January 27, 1963. This lake is about 500 m × 700 m large, and about 20 m deep at 
the center. Along the fringe, at about 1-2 m depth, a large population of O. perennis is 
found. The heading time seemed to be from early December to early January. It was 
already too late to collect seeds, but a small number of seeds could be obtained from a 
part of the plants. No high sterility was found in the plants. This population seemed to 
be completely isolated from cultivated rice. A few farmer houses were found nearby, but 
their crops are mainly corn and partly taro and beans; the lake is surrounded by 
forests except for one side, and no upland rice is grown on the hills surrounding the 
lake. 

In some plants of the population, truly developed rhizomes were found 
(photograph). This indicates that some Asian forms of O. perennis can produce 
rhizomes, though the capacity might be lower than that of African forms. It seems that 
when the plants grow in shallow swamps and are subjected to temporary deciccation of 
the soil, they produce rhizomes. Growing in deep water, stems submerged in water 
may function in the same manner as rhizomes. 
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4. Some other notes on Mindanao Island. 

We have seen in the farm of Mindanao Agr. College, Musuan, a collection of local 
varieties of rice. They are grown in paddy or in shifted upland fields, hut in 
Malaybalay Prefecture, the acreage of rice seems to be very small. Varieties with an 
intermediate character-complex between the Indica and Japonica types seemed to be 
predominant in this area. Some of them have glabrous spikelets. 

In Mindanao Island, a vast area remains unused for agriculture. In many places, 
however, forests have been destroyed by man, leaving grass-covered lands. Coconuts, 
pinapple, cotton and other fibre crops are grown mainly along the coast. Staple crops 
are corn and upland rice, but on account of the small population, the acreage seems to 
be small. Rain is distributed throughout the year. The road connecting Cagayan de Oro 
and Davao is one of the main highways, but not paved, and has a few buses a day. 

 
Appendix - Tateoka and Pancho's Collection in Mindanao and Negros 

 
No.2001 O. officinalis Jan.20,1963; ca 3 km north of Zamboanga (Santa Maria). 

Along the fringe of an irrigation canal, for about 200 m. Not shaded. Both 
sides of the canal were rice fields. 

No.2002 O. officinalis Jan.21,1963; ca 2 km east of Zamboanga(Tetuan). In a swamp 
disturbed by man, with other grasses in mad. Not shaded. Population size: 
15 m × 15 m. 

No.2003 O. officinalis Jan.21,1963; ca 1 km from Zamboanga, along the road to 
Tumago. In a road-side ditch, for about 20 m. Shaded by banana trees. 

No.2004 O. officinalis Jan.21,1963; ca 17 km east of Zamboanga(Talabaan In a dry 
road-side ditch, for about 10 m. Shaded by trees. The plants had rhizomes. 
This plants is called "Balili" in the local language. 

No.2005 O. officinalis Jan.21,1963; ca 1 km east of the site of No.2004. In a road-side 
ditch, the depth of water being 10 to 20 cm. Half-shaded by trees. No 
rhizomes were found. Population size: 10 m × 1 m. 

No.2006 O. officinalis Jan.21,1963; ca 500 m apart from No.2005. In a road-side ditch. 
Not shaded. The plants were cut by man. No seeds were collected. 



 

 
- 130 - 

No.2007 O. officinalis Jan.23,1963; Talian (between Dadiangas and Marbel; ca 17 km 
to Marbel). In a natural streem along the road. The depth of water was 
about 30 cm. Not shaded. A cluster of plants was found in the river. No 
rhizomes were found. 

No.2008 O. officinalis Jan.24,1963; Tamnag, ca 6 km north of Marbel. In a paddy 
field fallowed for two years. The plants were growing together with plants of 
O. sativa which might have naturally occurred. The paddy was swampy. Not 
shaded. The area of the paddy was about 30 m2, and the plants were 
scattered in the paddy. 

No.2009 O. perennis Jan.27,1963; Lake Apo, Musuan (Already described). 

No.2010 O. officinalis Jan.27,1963; Grown experimentally in the Mindanao Agr. 
College. The plant was collected from a population 15 km apart from the 
College. 

No.2011 O. meyeriana Jan.29,1963; Candumarao, ca 16 km from Himigaran, in 
Negros Island. Along the fringe of a ditch. The soil was sandy and dry. 
Completely shaded by bamboo trees. The plants had small rhizomes. 

No.2012 O. officinalis Jan.29,1963; ca 120 m apart from the site of No.2011. On the 
embankment of a road. Along the road was a small pond surrounded by 
coconuts; the other side was a sugarcane field. The population was not 
shaded. 
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REPORT ON EXPLORATION FOR WILD SPECIES OF ORYZA  
IN THE PHILIPPINES 

 
by 

 
Tuguo Tateoka and Juan V. Pancho 

(January-March, 1963) 
 

INTRODUCTION 

There are four wild species of Oryza in the Philippines. However, due to the lack 
of the necessary materials, no detailed investigation has been made on these wild rice 
species. The main purpose, therefore, of our field trip was to gather as large a 
collection as possible. We feel that a sizeable amount of materials seems most 
important before a more complete study on the taxonomy of Philippine wild rice can be 
made. 

Our exploratory trip brought us to all the major islands in the Philippines. From 
the expedition, we were able to gather 43 collections of wild rice from the different 
places visited. A chromosome count will be made on each specimen. We will also 
examine in detail the morphological characters of the specimens. Results of the study 
will be published sometime in the future. 

We believe that the collection of wild rice species we have gathered could be also 
useful to many investigators of various countries engaged in similar work. We are very 
glad to know that this collection can be made available to many research institutes in 
the world through the services of the IRRI. 
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I. Some field observations 

Although detailed accounts will be published later, it may be interesting to note 
here some of our field studies. 

(1) In Leyte we found a population (#2032-2033) of O. minuta and O. officinalis 
growing side by side. Usually, O. minuta and O. officinalis do not grow beside each 
other. After careful examination of all individuals in the population, we found no 
hybrid between the two species. 

(2) O. minuta has so far been reported growing only in Luzon. But, in the survey 
we found this species also distributed in Samar, Leyte and Bohol. This finding was 
unexpected. 

(3) In Mindoro we found two populations of O. officinalis growing in association 
with cultivated rice. Farmers told us that O. officinalis often infests rice fields. It might 
be interesting to determine whether natural hybridization occurs between O. sativa 
and O. officinalis. Unfortunately cultivated rice was already harvested when we visited 
Mindoro, and O. officinalis was all we found. 

(4) Aberrant spikelets of O. officinalis were found in the collection #2007. In these 
spikelets, sterile lemmas are abnormally developed. The genetic study of the 
individuals with these abnormal spikelets may shed some light on the taxonomic 
status of O. grandiglumis, in which the sterile lemmas are constanly well developed. It 
should be noted that the well developed sterile lemmas of O. grandiglumis are different 
morphologically from the elongated sterile lemmas sometimes found in cultivated rice 
and its relatives. But the aberrant sterile lemmas we found in O. officinalis are 
intermediate between the "alta" (normal) type and the "grandiglumis" type of sterile 
lemmas. 

(5) There are two forms of O. meyeriana subsp. abromeitiana in the Philippines. 
They are different in spikelet length: in one of them the spikelets are 6.5 - 7 mm long, 
while in the other the spikelets 9 - 10.5 mm long. Our collection #2011 is intermediate 
between the two forms, and we suppose that the boundary of the two forms will become 
obscure as additional collecitons are gathered. 
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II. Records of collections 

All collections were identified by T. Tateoka. The species name of the collection 
#2026 is undetermined, as no spikelet is yet available. 

Tateoka, T. and Pancho, J. V. 
 
2001 O. officinalis 
“W1302-101112, 101068, 105112 

Sabana, Sta Maria, about 3 kms from Zamboanga City on the northern 
side; along small stream, growing with Leersia hexandra, in open area. 
(Jan. 20) 

2002 O. officinalis  
W1303-101113,101069, 105113 

Tetuan, 2 kms from Zamboanga City on the eastern side; on undisturbed 
rice field with muddy substratum, in open area; along National Highway. 
(Jan. 21) 

2003 O. officinalis  
W1304-101114,101070,105114 

Tumago Rd. about 1 km from Zamboanga City; along small canal under 
partial shade of banana plantation (Jan. 21) 

2004 O. officinalis  
W1305-10115,105178 

 Talabaan, 17 kms from Zamboanga City on the eastern side; on dry soil, 
growing with Imperata cylindrica, Paspalidium flavidum and Panicum 
pelipes. (Jan. 21) 

2005 O. officinalis  
W1306-101116,101071,105115 

Talabaan, about 18 kms from Zamboanga City on the eastern side; along 
small canal (ca. 10 - 20 cm deep) under partial shade. (Jan. 21) 

2006 O. officinalis  
W1307 

Talabaan, about 18.5 kms from Zamboanga City on the eastern side; on 
wet soil along road in open area. (Jan. 21) 
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2007 O. officinalis  
W1308-101117,101073,105116 

Talian, 17 kms to Marbel, Cotabato; in slow moving stream with muddy 
substratum along National Road, growing with Colocasia esculentum 
(Jan. 23) 

2008 O. officinalis  
W1309-101118,101074,105117 

Tamnag, 6 kms from Marbel on the northern side; in open field with rice 
field weeds; in poorly drained soil. (Jan 24) 

2009 O. rufipogon  
W1310 

Lake Apo, Musuan, Malaybalay, Bukidnon, about 5 kms from Mindanao 
Agricultural School, alt. 720 m. (Jan. 27) 

2010 O. officinalis  
W1311 

About 15 kms from Musuan on the eastern side, Bukidnon; in swampy 
field under partial shade. (Jan. 27) 

2011 O. meyeriana subsp. abrometiana  
W1312 

Candumarao, about 16 kms from Hinigaran on the eastern side, Negros 
Occidental; under bamboo plantation with sandy soil. (Jan. 29) 

2012 O. officinalis  
W1313-101119,105118 

Candumarao, about 16 kms from Hinigaran on the eastern side, Negros 
Occidental; in poorly drained canal beside sugarcane plantation. (Jan. 29) 

2013 O. meyeriana subsp. meyeriana  
W1314-101120,101076 

Sagpangan, Aborlan, Palawan, about 7 kms from Palawan Agricultural 
School on the northeastern side; under bamboo plantation on second 
growth forest with clayey soil. (Feb. 11) 

2014 O. officinalis  
W1315-101121,101077,105119 

Sitio Ticul, Larrio Pitogo, about 30 kms from San Jose on the 
northwestern side, Occidental Mindoro; on drained or poorly drained soil, 
in virgin forest and adjacent open area. (Feb. 14) 
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2015 O. officinalis  
W1316-105120 

Batasan, about 20 kms from San Jose on the northwestern side, 
Occidental Mindoro; in open field near second growth forest, growing with 
cultivated rice; said to be common during rainy season. (Feb. 14) 

2016 O. minuta  
W1317 

Cogon, about: 2 kms from Juban on the southern side, Sorsogon,; along 
small, partly shaded stream. (Feb. 23) 

2017 O. minuta  
W1318-101122,105124 

Mabini, along Cumagiay Greek, about 15 kms from Donsol on the 
northwestern side, Sorsogon; on drained sandy soil under shade. (Feb. 23) 

2018 O. minuta  
W1319-101123 

Mabini, near #2017, Donsol, Sorsogon; on small partly shaded stream 
with sandy-loam soil growing with Alocasia macrorhiza. (Feb. 23) 

2019 O. minuta  
W1320-101124,105125 

About 11 kms from Donsol on the northwestern side, Sorsogon; along 
small stream with slow moving water under partial shade. (Feb. 23) 

2020 O. minuta  
W1321-101125 

Pawala Creek, Banua Gurang, Donsol, Sorsogon; along the creek 
surrounded by mountains planted to coconuts and bamboos. (Feb. 23) 

2021 O. minuta  
W1322-101126 

Borabod Creek, about 8 kms from Juban on the southern side, Boranoran, 
Juban, Sorsogon; along the creek with moving water under partial shade. 
(Feb. 24) 

2022 O. minuta  
W1323-101127,105126 

Caladgao, about 10 kms from Juban, Sorsogon; along small open creek 
with fast moving water. (Feb. 24) 
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2023 O. minuta  
W1324-101128 

Boundary between Juban and Irosin, Sorsogon; along small stream with 
fast moving water in open area, growing with Leersia hexandra. (Feb. 24) 

2024 O. minuta  
W1325 

Barrio Salvacion, about 6 kms from Bacon on the eastern side; on 
partially shaded swamp with muddy substratum. (Feb. 24) 

2025 O. minuta  
W1326 

About 22 kms from Calbayog, Samar, on the northwestern side; growing 
on poorly drained soil along small shaded stream with slow moving water. 
(Feb. 28) 

2026 ?  
W1327 

 About 20 kms from Calbayog on the northwestern side, Samar; growing 
on poorly drained soil along small shaded stream. (Feb. 28) 

2027 O. minuta  
W1328-101129,105127 

Sagkahan, about 5 kms from Tacloban on the southern side, Leyte; along 
small stream with slow moving water under partial shade. (Mar. 1) 

2028 O. minuta  
W1329-101130,105128 

Pawing, Palo, about 9 kms from Tacloban on the southern side, Leyte; 
along small partly shaded canal, with muddy substratum. (Mar. 1) 

2029 O. minuta  
W1330-101131,105129 

Cross-point of Bangon River and National Road, about 15 kms from 
Tacloban; on sandy soil in open area. (Mar. 1) 

2030 O. minuta  
W1331-101132 

Cogon, about 1 km from Palo on the southern side, Leyte; in partly 
shaded swamp with muddy substratum. (Mar. 1) 
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2031 O. minuta  
W1332-101133 

Barrio Solano, about 5 kms from Palo on the southern side, along 
National Road; on poorly drained soil under partial shade. (Mar. 1) 

2032 O. minuta  
W1333-101134 

Barrio Boaya, 1 km from Tanauan, Leyte; on drained partly shaded area 
under coconut plantation near rice field. (Mar. 1) 

2033 O. officinalis  
W1334-101135,105121 

Barrio Boaya, Leyte; growing side by side with #2032. (Mar.1) 

2034 O. minuta  
W1335-101137,105121 

Barrio Bago, about 1.5 km from Tanauan, Leyte; on poorly drained or 
drained soil in open area along National Road, near rice field. (Mar. 1) 

2035 O. minuta  
W1336-101138 

Barrio Malaguicay, about 4 kms from Tanauan, Leyte; in open drained 
area. (Mar. 1) 

2036 O. minuta  
W1337-101139,105130 

Along Bilisony Creek, about 7 kms from Tacloban on the southwestern 
side, Leyte; in shallow pond under partial shade. (Mar. 1) 

2037 O. officinalis  
W1338-101139,105131 

Barrio Boaya, near #2032 and #2033, along National Road; in open area 
with poorly drained soil. (Mar. 1) 

2038 O. minuta  
W1339-1 

About 7.5 kms from Tacloban on the southwestern side, Leyte; on poorly 
drained soil under partial shade. (Mar. 1) 

2039 O. minuta  
W1340-101140 

About 15 kms from Palo on the western side, Leyte; on poorly drained soil 
in open area. (Mar. 2) 
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2040 O. minuta  
W1341 

Binolho, about 9 kms from Ormoc on the southern side, Leyte; along small 
partly shaded stream under banana plantation. (Mar. 2) 

2041 O. minuta  
W1342-101141 

Kabungahan, Lapacan Sur, about 6 kms from Inabanga on the eastern 
side, Bohol; in partly shaded area with muddy substratum under banana 
plantation. (Mar. 5) 

2042 O. officinalis  
W1343-101142 

Kabungahan, Lapacan Sur, Inabanga, Bohol; in partly shaded and poorly 
drained area separated from #2041 by rice field at distance of about 30 m. 
(Mar. 5) 

2043 O. minuta  
W1344-101143 

Tagbac, about 5 kms from Antipolo City, Antipolo, Rizal, along small 
stream with running water under partial shade, near rice field. (Mar. 11) 
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Materials collected consist of (A) living plants, (B) seeds, (C) root tips and (D) 
herbarium specimens, In most strains materials have been collected covering all these 
four items, but it was sometimes impossible to gather all of them. Although most 
materials are preserved in the IRRI, a set of living plants and herbarium specimens 
are also deposited in the College of Agriculture, UP. Also, it seems appropriate to send 
a set of herbarium specimens to the National Museum, Manila. Many Philippine 
officials helped us, and it is a pleasure for us to be of use to the enrichment of the 
National Museum. Root tips will be used for chromosome observations by T. Tateoka, 
so they are brought to Japan. A set of herbarium specimens and seeds will also be 
brought to Japan. Following is a list of materials under each item collected. The sign o 
means that the materials are available, while the sign - indicates lack of material. 

  A B C D 

2001 ○ ○ - ○ 

2002 ○ ○ - ○ 

2003 ○ ○ ○ ○ 

2004 - ○ - ○ 

2005 ○ ○ - ○ 

2006 ○ - ○ ○ 

2007 ○ ○ ○ ○ 

2008 ○ ○ ○ ○ 

2009 ○ - ○ ○ 

2010 - ○ ○ ○ 

2011 ○ - - ○ 

2012 - ○ ○ ○ 

2013 ○ ○ - ○ 

2014 ○ ○ ○ ○ 

2015 ○ ○ - ○ 

2016 ○ - ○ ○ 

2017 ○ ○ ○ ○ 

2018 ○ ○ ○ ○ 

2019 ○ ○ ○ ○ 

2020 - ○ - - 

2021 ○ ○ ○ ○ 

2022 ○ ○ ○ ○ 

2023 ○ ○ ○ ○ 

2024 ○ - ○ ○ 

2025 ○ - ○ - 

2026 ○ - - - 

2027 ○ ○ ○ ○ 
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2028 ○ ○ ○ ○ 

2029 ○ ○ ○ ○ 

2030 ○ ○ ○ ○ 

2031 ○ ○ ○ ○ 

2032 ○ ○ ○ ○ 

2033 ○ ○ ○ ○ 

2034 ○ ○ ○ ○ 

2035 ○ ○ ○ ○ 

2036 ○ ○ - ○ 

2037 - ○ - ○ 

2038 - - - ○ 

2039 ○ ○ - ○ 

2040 ○ - ○ - 

2041 ○ ○ ○ ○ 

2042 ○ ○ ○ ○ 

2043 ○ ○ ○ ○ 
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III. Digested Itinerary 

Trip I. (Mindanao - Negros - Panay) 

Jan. 20 Le. Manila at 10:10 a.m. Ar. Zamboanga at 12:40 p.m. Collected 
wild rice at Zamboanga and vicinity in the afternoon. 

 21 Visited the Bureau of Plant Industry in the morning. Collected 
wild rice at Zamboanga and vicinity. 

 22 Le. Zamboanga at 7:50 a.m. Ar. Davao at 10:10 a.m. Visited the 
Bureau of Plant Industry and Bureau of Agricultural Extension. 

 23 Le. Davao at 8:10 a.m. Ar. General Santos at 8:45 a.m. Proceeded 
to Marbel by bus and collected wild rice at the vicinity of Marbel 
in the afternoon. 

 24 Visited the Bureau of Plant Industry and collected wild rice at 
the vicinity of Marbel. Proceeded to Dadiangas by bus in the 
evening. 

 25 Le. General Santos at 9:00 a.m. Ar. Cagayan de Oro at 12:35 p.m. 
Took a rest in the afternoon. 

 26 Joined with Drs. H. I. Oka and W. T. Chang at the airport of 
Cagayan de Oro and proceeded to Musuan, Malaybalay by car. 

 27 Collected wild rice at Lake Apo and visited Mindanao 
Agricultural School. 

 28 Proceeded to Cagayan de Oro by car and to Bacolod, Negros via 
Ceby by plane. Visited the Bureau of Plant Industry. 

 29 Collected wild rice at the vicinity of Hinigaran. 
 30 Proceeded to Iloilo, Panay, by car. Visited the Bureau of Plant 

Industry. 
 31 Searched for wild rice at the vicinity of Iloilo. 
Feb. 1 Proceeded to Bacolo by boat. Took a rest in the afternoon. 
 2 Le. Bacolod at 9:10 a.m. Ar. Manila at 10:25 a.m. Proceeded to 

Los Baños. 

Trip II. (Palawan - Mindoro) 

Feb. 11 Le. Manila at 9:40 a.m. Ar. Puerto Princesa at 12:50 p.m. Visited 
the Bureau of Plant Industry and Bureau of Agricultural 
Extension. 

 12 Collected wild rice at the vicinity of Aborlan. 
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 13 Searched for wild rice at the vicinity of Puerto Princ sa in the 
morning. Le. Puerto Princesa at 1:50 p.m. Ar. Sao Jose, Mindoro, 
at 3:30 p.m. Visited the Bureau of Agricultural Extension. 

 14 Collected wild rice at the vicinity of San Jose. 
 15 Le. San Jose at 12:30 p.m. Ar. Manila at 2:00 p.m. Proceeded to 

Los Baños. 

Trip III. (Northern Luzon, by IRRI car) 

Feb. 17 Le. Los Baños at 7:00 a.m. Proceeded to Tuguegarao, Cagayan. 
 18 Visited the Bureau of Agricultural Extension. Searched for wild 

rice at the vicinity of Tuao, Cagayan. 
 19 Proceeded to San Jose, Nueva Ecija 
 20 Proceeded to Los Baños. Ar. at 2:00 p.m. 

Trip IV. (Sorsogon - Masbate - Samar - Leyte - Cebu - Bohol) 

Feb. 22  Le. Manila at 1:50 p.m. Ar. Legaspi at 3:20 p.m. Proceeded to 
Sorsogon by bus in the evening. 

 23 Visited the Bureau of Agricultural Extension and collected wild 
rice at the vicinity of Juban and Donsol. 

 24 Collected wild rice at the vicinity of Juban and Bacon. Proceeded 
to Legaspi in the evening. 

 25 Took a rest in the morning, Le. Legaspi at 3:35 p.m. Ar. Masbate 
at 4:05 p.m. 

 26 Visited the Bureau of Plant Industry and searched for wild rice 
at the vicinity of Masbate. 

 27 Le. Masbate at 10:55 a.m. Ar. Calbayog, Samar, at 11:25 a.m. 
Visited the Bureau of Agricultural Extension. 

 28 Collected wild rice at Oquendo and vicinity in the morning. Le. 
Calbayog at 12:35 p.m. Ar. Tacloban at 1:05 p.m. Visited the 
Bureau of Agricultural Extension. 

Mar. 1 Collected wild rice at Tacloban and vicinity. 
 2 Collected wild rice at the vicinity of Ormoc. 
 3 Took a rest in the morning. Le. Tacloban at 4:15 p.m. Ar. Cebu at 

5:00 p.m. 
 4 Searched for wild rice in the morning at the vicinity of Cebu. 

Proceeded to Tubigon, Bohol, by boat in the evening. 
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 5 Visited the Mayor of Tubigon. Collected wild rice at the vicinity of 
Inabanga. Proceeded to Cebu by boat in the evening. 

 6 Le. Cebu at 7:45 a.m. Ar. Manila at 9:30 a.m. Proceeded to Los 
Baños. 

Trip V. (Central Luzon, by IRRI car) 

Mar. 11 Le. Los Baños at 8:00 a.m. Searched for wild rice at Antipolo, 
Rizal. Ar. Los Baños at 4:00 p.m. 
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We started on our trip in high spirits and we were fortunate 
enough to carry out successfully our task, for a great part thanks 
to the untiring helpfulness of the authorities and institutions of 
the visited countries. 

However, almost at the end of our expedition, disaster 
struck, just when we were thinking of returning to our countries 
and our homes. Due to the negligence of a driver, our car went 
out of control, and Dr. Wen-Tsai Chang, my faithful friend and 
collaborator, was almost instantly killed. 

This is the report of our activities, posthumous so far as the 
junior author is concerned. 

 
Hiko-Ichi Oka, 
National Institute of Genetics, Misima, 
Japan 
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INTRODUCTION 

In accordance with the resolution taken in the Symposium on Rice Genetics and 
Cytogenetics held at the International Rice Research Institute in February 1963, we 
have been sent to West and Central African countries for study and collection of wild 
and cultivated rice species. Our objectives were, in addition to collection of seed 
samples, to look into fundamental problems of rice breeding in Africa, and to 
investigate variation in wild Oryza species. As to collection of seeds of wild species, our 
trip was supplementary to Dr. K. Furusato's in 1959. 

We arrived in Sierra Leone from Paris on October 23, 1963. From there, Oka 
visited Guinea and Mali, while Chang visited Liberia, Ivory Coast and Upper Volta. We 
met again at Niamey, Niger, and traveled in Dahomey, Nigeria and Cameroun together, 
as reported in our "Abstract of diary". Chang died on December 14 after the 
unfortunate car accident at Yagoua, Northern Cameroun, while Oka was wounded and 
unconscious. Oka was hospitalized for about ten days, and then left Fort-Lamy, Tchad, 
for Rome. 

Our trip was generously supported by the International Rice Research Institute 
and the Rockefeller Foundation (under RF62027 bestowed on the National Institute of 
Genetics, Japan; for Oka), and by the Academia Sinica, Republic of China (for Chang). 
We express our sincere thanks to these institutions for the generous financing of our 
trip. Further, we were kindly helped by many persons belonging to different 
institutions (listed in "Persons in contact"). We are heartily thankful for the many 
kindnesses which made it possible to continue our trip and to achieve to some extent 
our objectives. 
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RICE CULTURE IN WEST AFRICA 

1. An Outline 

The first rice field we saw in Africa was the experimental field of the West African 
Rice Research Station, Rokupr, Sierra Leone. Guided by Dr. H. D. Jordan, director, we 
were impressed with various difficult problems involved in rice culture. Two botanical 
species, Oryza sativa and O. glaberrima are grown in Africa. There are different 
ecological zones to which varieties are adapted in different ways. 

All sativa varieties grown in Africa are due to introduction from other parts of the 
world, originally from Asia. Many of them were introduced after the end of War-I by 
research stations in various countries. But some are old and no written record of their 
introduction is available. It is believed that the first introduction of sativa to Africa 
was made, in the same manner as to South America, by the Portuguese in the 16th 
century, but it is also possible that in more ancient times camel caravans crossing the 
Sahara had brought rice seeds from the Mediterranean coast. On the other hand, 
glaberrima may be regarded as indigenous to West Africa as will be discussed later. 

The black people living in West Africa consist of many tribes. Each state, now 
politically independent, comprises more than several linguistic tribes which are 
traditionally associated with agriculture in varying degree. Now, most of them grow 
crop plants in their dry farms. The main food crops are sorghum, millet, maize, rice, 
fonio (Digitaria exilis), peanut, cow pea, green gram, Pigion pea, sojabean, Bambara 
ground-nut, and other grain legumes, cassava, yam, sweet potato, etc. Root starch from 
cassava and others is the staple food in many regions. Rice is grown where rainfall is 
sufficient (upland) or water is available (lowland). Though the people like rice, they 
cannot produce enough. 
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2. Meteorological Factors 

The rice areas in West Africa are distributed between 5°N and 16°N. The 
temperatures are high enough for growing rice, though it is not known whether the 
high temperatures over 37℃ cause sterility and other physiological disturbances. As 
an example, temperature records at Bida, Northern Nigeria, are given in Table 1. 

Table 1. Temperatures at Bida, Northern Nigeria (C). 
  Jan. Feb. Mar. Apr. May June July Aug. Sep. Oct. Nov. Dec. 

Aver. Max. 34 36 37 37 33 31 30 29 30 32 33 34 

Aver. Min. 21 22 24 24 23 22 22 22 22 22 20 19 

Absol. Max. 37 39 41 41 38 36 33 33 34 35 37 37 

Absol. Min. 18 19 22 21 17 19 19 19 19 19 18 15 

Humidity (%) 39 43 62 67 74 84 83 81 84 78 70 48 

Rainfall (cm) 8 4 9 16 22 24 38 31 30 16 0 0 

 
In general, the higher the latitude, the smaller the precipitation, The coastal 

region of West Africa enjoys a large amount of rainfall (more than 400 cm in Southern 
Cameroun). Going northward, we find the land to become drier and drier. At the 
southern edge of the Sahara, generally called "Sudan", the total precipitation may be 
as small as 15 cm per year. In accordance with the amount of precipitation, the flora 
changes from mangrove swamps (called "Lagoon", 20-50 km) and tropical rain forest 
(100-200 km) to dry savanna, and finally to desert. As an example, measurements of 
water balance at Bamako (inland) and Conakry (coast) are given in Table 2. However, 
the total precipitation as well as the duration of rainy season markedly differ according 
to years. 
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Table 2. Water balance at Bamako and Conakry, (in mm) 
Bamako Jan. Feb. Mar. Apr. May June July Aug. Sep. Oct. Nov. Dec. 

Potential evapolation 164 160 192 183 174 141 118 105 111 130 144 155 

Precipitation 1 0 4 19 68 139 232 339 199 61 10 0 

Storage 52 30 16 9 6 6 120 300 300 238 152 90 

Actual evapolation 39 22 18 26 71 139 118 105 111 123 96 62 

Deficit 125 138 174 157 103 2 0 0 0 7 48 93 

Surplus 0 0 0 0 0 0 0 54 88 0 0 0 

Humid days 0 0 0 0 0 0 31 31 30 16 0 0 

Conakry             

Potential evaporation 115 104 118 117 118 102 93 87 93 102 102 115 

Precipitation 1 2 5 17 157 565 1323 1057 716 330 121 11 

Storage 144 102 70 50 89 300 300 300 300 300 300 212 

Actual evapolation 69 44 37 37 118 102 93 87 93 102 102 99 

Deficit 46 60 81 80 0 0 0 0 0 0 0 16 

Surplus 0 0 0 0 0 252 1230 970 623 228 19 0 

Humid days 0 0 0 0 31 30 31 31 30 31 30 10 

 
 From: Garnier, B. J. 1960. Maps of the water balance in West Africa. 
  Bull. de 1' I. F. A. N. 22A (no.3). 
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3. Types of Rice Culture in Africa 

In accordance with the variations in meteorological conditions and topography, 
the rice fields in West Africa can be classified into the following ecological zones. In 
addition to these, intensive culture is experimentally attempted in a small area, A 
single variety cannot be adaptive to all these conditions, but there are intermediate 
zones in which varieties of different zones can be grown. Further descriptions follow 
according to this classification. 

Type Growing method Variety 

Deep-water paddy Broadcasting glaberrima partly sativa 

Rainfed paddy Broadcast. or transplanting sativa partly glaberrima 

Upland field Broadcasting glaberrima and sativa 

Artificially irrigated paddy Broadcast. or transplanting sativa 

Mangrove swamp Transplanting sativa 
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4. Deep-water Paddy Inundated by Rivers 

Rice fields of this type are distributed along the Niger River, its branches, and 
rivers pouring into Lake Chad. The period of submergence differs according to 
topography. There is a big inundated area, about two million hectares, in the so-called 
inland delta of the Niger in Mali. At its center, Mopti, flood begins in August and lasts 
until March or April, the depth of water ranging from one half to several meters. A 
similar area is found in the Sokoto valley in Northern Nigeria. The monthly water 
level of the Niger River (at Baro, Nigeria) is given below as an example. 

Jan. Feb. Mar. Apr. May June July Aug. Sep. Oct. Nov. Dec. 

2.8m 2.7 2.6 2.3 1.4 1.5 2.1 4.0 5.8 5.8 4.0 2.8 

 
Floating varieties of glaberrima or sativa are grown in this type of rice fields. If 

compared with the floating rice zones in Asia, those in Africa seem to have the 
following characteristics: a) They are located in inland where the climate is dry. 
(Exceptionally, floating rice cultivation is recently attempted in the coastal region of 
Sierra Leone.) b) The water level rises more promptly than in Asia, The rate is more 
than 10 cm a day, and sometimes exceeds 50 cm, but in Asia it is less than 10 cm. 
Therefore, a high floating ability and a resistance to flood are the required characters 
of the varieties. 

Varieties grown by local people in these deep-water paddies mostly belong to 
glaberrima. It is said to be more resistant to flood than sativa. A comparison of growth 
rate made by Dr. J. E. Y. Hardcastle (Rice Research Station, Badeggi, Nigeria) showed 
that glaberrima had higher elongation rate than sativa, even in the usual condition of 
irrigated paddy. This character should be investigated in more detail. If tested in a 
flooded condition, varietal differences could be worked out more clearly. It is also 
possible that glaberrima is more resistant to the alkaline soil found in the "Sudanic" 
region than sativa. 

Most glaberrima varieties have red pericarp and the grains are easily shed at 
maturity. Agricultural research stations in Africa seem to be more interesteed in 
testing Asian floating varieties belonging to sativa rather than glaberrima. Principal 
Asian varieties found to be successful at the Station des Riz Flottants, Ibetemi, Mopti, 
Mali, are: Indochine blanc (Vietnam), Nang tay (Vietnam), Neang champa (Vietnam), 
Hawn med dak (Thai), Kha gaew (Thai), and others, from East Pakistan. Most of them 
are recently introduced varieties. Though sativa is generally considered superior to 
glaberrima, in certain conditions glaberrima is more productive than sativa. For 
instance, in an experiment conducted in Northern Nigeria, two glaberrima varieties 
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Bandande and Jatau, outyielded the most successful sativa varieties, Indochine blanc 
and Mali ong(from Thai). 

Actually, in a rice field sown by the local people, a mixture of glaberrima and 
sativa is often found (see Table 3). Also a population often contains various 
morphological types differing in grain color, panicle size, presence or absence of awns, 
glabrousness, empty glume length, maturity, etc. There might be a large amount of 
genetic variability in a population. But plants presumably hybrid between glaberrima 
and sativa were not found. 

Method of growing floating rice adopted by the local people is: After the first rain 
in April or May, the land is hoed, and needs are broadcasted by hand at the rate of 
60-80 kg/ha. Ploughing with cattle is rarely made. Seedlings grow in a dry condition 
until the flooding in August. In this period, if it does net rain enough, a proportion of 
seedlings will die of drought. Drought resistance is then requited for the varieties. 
When flood comes, the plants rapidly grow in water, producing branches and 
adventitious roots from submerged nodes. Flower initiation takes place in response to 
short day in October or November, when the highest water level is reached. During the 
growing period, weeding is made by cutting wild Oryza species, Echinochloa species 
and other water plants. At maturity, panicles are cut nearly at the surface of water, 
and are beaten on a mat to thresh the grains. Canoes are used for harvesting if the 
water stand is deep. No fertilizer is used. The average grain yield ranges from 0.4 to 
1.0 ton/ha. 

Sometimes, the crop fails due to a strong drought in the seedling stage, a strong 
flood, or to multiplication of wild Oryza species (mainly barthii). In the last case, the 
rice field is abandoned and put in fallow for several years. There are vast flooded areas 
but a small portion of them is cultivated because of shortage of human labor. A village 
in the area seems to produce rice necessary for their own consumption. The people will 
try a new field when they need it, but will abandon it if unsuccessful. 

This cultivation method seems to be traditional. There are few traces of recent 
improvement except for the introduction of sativa varieties in a limited area. Possibly, 
the same method might have been used for at least a century, though no historical 
records are available. 

No serious diseases and insect pests are found in the deep-water paddies, except 
that Gibberella fujikuroi has been reported in Northern Nigeria. However, fishes 
occasionally damage the plants standing in water. Further, the inland delta of the 
Niger is known to be a center of occurrence of migrating cricket, Locusta migratoria. 
which badly damages various crops. 
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5. Rainfed Paddy 

Paddy fields naturally irrigated by streams in the rainy season are found in 
valleys in all West African states, except for the Sudan region where precipitation is 
too small. Most of them are small and acattered. The soil ranges from heavy silted clay 
to sandy loam. The varieties grown in these rice fields are in most cases sativa, which 
have been introduced at different time. In tropical countries, rice varieties generally 
contain a large amount of genetic variability. When introduced into a different country, 
they may become adapted to the new environment by changing the population 
genotype. In this sense, some which have been grown in Africa for many years may be 
considered as African varieties. 

In the same manner as in deep-water paddy, a population contained various types. 
Further, in many paddy fields of this type in Guinea, Niger, Nigeria and Liberia, 
glaberrima was found in mix-stand with sativa. Generally, glaberrima was more 
frequent in the Sudanic than in the coastal region. Hybrids between the two species 
seemed to occur quite rarely. Only one presumable hybrid was found in a small 
roadside field in Guinea, where the two species were mix-grown. 

In view of the heterogeneity of populations, it would have not much sense to list 
the names of varieties grown by the local people. Principal sativa varieties 
recommended by research stations are: in Sierra Leone, Radin-China 4 (Malaya), Faya 
(Nyasaland), Nachin 11 (Malaya); in Mali, Gambiaka (Thai), Dissi; in Niger, De Gaule, 
Sornavari; in Nigeria, BG-79 (British Guiana), G.E.B.24 (India), Mas 2401 (Indonesia), 
D-99 (British Guiana), Vari Lava (Madagascar); in Cameroun, Makor (local), Neang 
veng (Indochina), Puang ngeon (Indochina), Maroua (British Guiana), etc. 

In this type of paddy fields, direct sowing (broadcasting) is popular, but 
transplanting is also made in certain places in Sierra Leone, Liberia Ivory Coast, and 
Nigeria. At the advent of the rainy season, the land is usually hoed by hand. In case of 
transplanting, seedlings are grown in a nursery-bed for 4 to 8 weeks. The density of 
planting differs according to localities; in Sierra Leone, we have seen that single plants 
are trans planted with a spatula and spaced at 15-20 cm, while in Nigeria, clusters of 
more than ten plants are spaced at 30-40 cm. Space-seeding is also made in Upper 
Volta and Cameroun. In Upper Volta, the farmers make holes about 5 cm deep with 
their forefinger, spacing at 20-30 cm, and place 7-8 seeds in each hole. Sometimes a 
hammer is used for making holes. But in Cameroun and Tchad, 30-40 seeds per hole 
are sown but the hills are 30-45cm apart from one another. Experiments show that 
dense transplanting or space-seeding of small clusters is much better than the 
traditional method. Line transplanting or drilling is not made except in research 
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stations. 

In general, fertilizers are not used by the farmers. Fertilizer experiments 
however show that nitrogen as well as phosphoric acid are effective, as will be 
mentioned later. Weeding by hand is made once or twice. For harvesting, a small knife 
(as in Indonesia) or a sickle (mainly in transplanted or space-seeded fields in Nigeria 
and Cameroun) is used. The harvested panicles, bundled or not bundled, are heaped up 
outdoors. In most countries, they are threshed on a mat by beating with a stick, and 
the grains are winnowed on natural breeze. In Mali, Niger, Nigeria and Sierra Leone, 
the grains are usually parboiled: They are soaked in water for one to two days and then 
boiled in an oil can. The advantages of parboiling are said to be less breakage of grains 
caused by a sharp difference in humidity between day and night, improved durability 
in storage, easy dehulling, and penetration of vitamins into endosperm. But parboiled 
rice often has a bad odour as unclean water is used for soaking in which 
microorganisms propagate. Then, rice is stored in a storage-house made of dried earth, 
with raised floor and grass-made roof. Usually it is sold to rice mills before storing for a 
long time, if not self-consumed. 

In certain limited areas, e.g., Kolo, Niger and Pateggi (South of Bida), Northern 
Nigeria, an additional crop in the dry season is grown in valley which are shallowly 
inundated in the dry season. Planting is made in December and harvesting in April. 
Certain varieties of glaberrima or sativa, possibly insensitive to photoperiod, are 
grown. The origin of this additional crop might be very old. It was recently found that 
some sativa varieties could be used for both main and additional crops. 

The average grain yield from rainfed paddies ranges from 0.5 to 2.0 ton/ha. It 
fluctuates widely from year to year, possibly influenced by the amount of precipitation 
or inundation and growth of weeds. Even in the experimental fields of research 
stations, annual fluctuation of grain yield of a variety may be estimated to be 30% to 
60% in terms of coefficient of variability. No serious diseases and insect pests are found. 
In Sierra Leone, a Piricularia-like disease is sometimes seen in the nursery beds. In 
Cameroun, a fly, Pachydilopsis oryzae, is known to cause irregular elongation of the 
plants stung by it. Small birds often damage rice crops. In Southern Cameroun, the 
hippopotamus also damages rice fields. 
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6. Upland Rice Field 

Upland rice, called "Riz de montagne" in French, is mainly grown on hill slopes in 
the coastal region of West Africa. Early varieties of glaberrima or sativa, growing 
duration being less than 140 days, are grown there. The minimum amount of rainfall 
needed is about 130 cm in total, distributed over a period of 110 days. In Guinea, sativa 
is common in the coastal region, while glaberrima is predominant in the mountainous 
inland at altitudes over 500 m. As shown in Table 3, mixture of glaberrima and sativa 
in the same field is often found. Fields of glaberrima with a few plants of sativa, or the 
opposite, were frequently found in Sierra Leone, but an almost half-to-half mixture of 
the two species was found in Guinea. The people in these countries do not distinguish 
the two species, though varieties with different colors or panicle shapes are 
distinguished. Plants supposedly of hybrid origin were not found. 

Table 3. Mixture of sativa and glaberrima in different type3 of rice fields. (Number of 
fields found is shown) 

Type of field Pure 

sativa 

Mostly 

sativa 

Half-to-half 

mixture 

Mostly 

glaberri. 

Pure 

glaberrima 

Upland  2 2 4 5 

Rainfed lowland 4 10 1 1  

Deep-water   1 1 5 1 

 
It was difficult to find the names of varieties grown by the local people. In Nigeria, 

principal upland sativa varieties are Agbede and Jete whose origins are unknown. 
Most upland varieties of sativa are due to old introductions, possibly by early 
European settlers or by camel caravans. 

In the same manner as in deep-water and rainfed paddies, many morphological 
types were found in a field. It was a noticeable fact that when glaberrima and sativa 
were mix-grown, both species showed so similar variation patterns in characters that 
their distinction was difficult without examining ligule size. This might be due to that 
the two species have been moulded by natural selection in the same direction for many 
years, as hybridization between them would not be frequent. 

Upland rice is usually grown by the "shifting" method. Bushes are cut down in 
the dry season, then burnt and cleared. After the first rain, the land is hoed and seeds 
are broadcasted. No fertilizer is used. Weeding is made with a hoe, and single panicles 
are harvested with a small knife. The soil is lateritic or loamy clay, or sometimes 
gravelous. Trees often remain standing in the fields. The harvested panicles are 
heaped on the ground. The grains are dehulled and polished by ponding in a mortar 
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with a pestle. 

When a new field is reclaimed, rice is the first crop to be grown. In the second 
year, rice may be grown again, or sorghum, millet, maize or sesame are grown, As soil 
fertility declines, cassava replaces grain crops. Thus, a land may be cultivated for five 
to seven years. It is then abandoned until soil fertility is restored under naturally 
growing bushes. This takes at least seven years. 

Mix-cropping of rice with sorghum, millet, corn, sesame, or cassava was often 
found in the mountainous region of Sierra Leone, Guinea, Liberia and Ivory Coast. On 
the high plateau of Guinea, a pure stand of glaberrima rice was found. The grain yield 
of upland rice fields ranges between 0.4 and 0.8 ton/ha. It is said that sativa yields 
better than glaberrima. Both Piricularia and Helminthosprium diseases are found in 
upland rice fields. 
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7. Rice Fields in Mangrove Swamp 

Along the Atlantic coast of West Africa are big swampy areas where mangrove 
grows. This coastal swamp is difficult to exploit, but the silted soil is rich. After War-I, 
it was found that if once exploited, the swamp was suitable for rice culture. Rice fields 
in the mangrove swamp were then established in Sierra Leone, Eastern Nigeria, 
Gambia and other countries. 

In this type of rice fields, sativa varieties introduced from various other countries 
are grown. Most of them are the varieties also grown in the rainfed paddies. Principal 
ones are in Sierra Leone Radin-China 4, and in Nigeria BG-79, though many are under 
observation in the West African Rice Research Station, Rokupr. Unlike rice fields in 
other conditions, plants in a field of this type seemed to be relatively homogeneous. No 
glaberrima was found. 

Tidal mangrove soils are influenced by sea water seasonally or permanently. 
Salinity is high in the dry season, but it is washed away by river water when the water 
level rises in the rainy season. A problem of particular importance in this type of paddy 
is how to control high acidity of the soil which is due to exidation of sulphur compounds 
brought by sea water. Sulphur is oxidized by certain soil bacteria when the soil is dried. 
There are two species of mangrove, Rhizophora and Avicennia; swamps with the 
former invariably become acidic when cleared, while the latter swamps may be more 
safely cleared and protected with dikes. Research has been made in the West African 
Rice Research Station. For details, publications by Dr. J. W. O. Jeffery and other soil 
scientists may be referred to. It was found that if the land was adequately drained and 
kept moist during the dry season, acidity could be controlled. 

Usually transplanting is made in this type of rice fields. The land is cleared, and 
seedlings grown in the nursery bed for about six weeks are transplanted spaced at 
20-30 cm, with two to three plants per hill. Late June is the best seeding time, but the 
season is often delayed until salinity in the soil is washed away by increasing river 
water. Weeds do not often occur much, though wild rice (barthii) grows in some places. 
Application of phosphoric acid is effective, but nitrogen and potash are not. The 
average grain yield is 1.5-2.0 ton/ha. Varietal resistance to salinity and acidity will be 
an important probelm to be studied, Piricularia oryzae sometimes attacks the nursery 
bed. Ephelis pallida also occurs sometimes. A species of crab damages the plants, but 
can be controlled by using BHC.
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8. Artificially Irrigated Rice Fields 

In 1932, the French Government established the "Office du Niger", and began to 
build a big barrage damming up the Niger River at Markala, Segou, Mali. Two main 
canals and many branches were also constructed, and an about 20,000 ha area, which 
had been almost a desert, was irrigated. Mechanized cultivation was attempted to 
grow cotton, but since it was not very successful, efforts were directed to rice 
cultivation, After the independence of the Republic of Mali, the irrigated fields were 
mostly allocated to local farmers, and mechanized cultivation was limited to a small 
part. The Office du Niger is now a cooperation under the control of the Mali 
Government. 

In this area, the land is softened by pre-irrigation in June, and is hoed by hand or 
ploughed by tractor. Then, seed is broadcasted, and irrigation water is poured after the 
seedlings have emerged, keeping the depth at 10-30 cm. Weeding is mace by hand 
during the growing period and after harvesting. The most difficult problem in this area 
is however the invasion of wild rice (barthii and breviligulata), which increase in three 
years after reclaiming a field. Seed of breviligulata are dispersed together with rice 
seeds, by irrigation water, or directly from the plants. Because of pronounced seed 
dormancy, weeding must be continued at least for two years, barthii is considered 
worse than breviligulata, as it is propagated by both rhizomes and seeds and cannot be 
easily weeded out. The wild rice often increases year by year until the field is 
abandoned. Transplanting was found to be a good measure for controlling the invasion 
of wild rice, but the farmers are not accustomed to it and do not like to do so much 
work. Fertilizers are not used, though experiments show that transplanted fields 
dressed with 30 kg/ha of nitrogen produce 3-4 ton/ha of rice. When a field is newly 
reclaimed and irrigated, the average grain yield is usually more than 2 ton/ha, but 
assoil fertility declines and wild rice increases, the yield decreases year after year. 
Then the average grain yield in this area ranges from 1.5 ton/ha (Molodo) to 0.4 ton/ha 
(Kolongotomo). After a successive cultivation for ten years, a field becomes worthless 
and is abandoned. The big initial investment in the establishment does not seem to 
produce adequate profit. 

Leading sativa varieties grown in this area are: Gambiaka (Thai), D 52-37 
(Guiana), Kading thang (Cambodia), Doc phung lun (Vietnam), etc. The farmers sell 
their harvest to the Office du Niger. They can obtain seeds produced by the seed 
multiplication system of the Office, whose fundamental seed farm is managed by the 
Institut de Recherches Agronomiques Tropicales (I.R.A.T.), Kogoni par Niono. However, 
they often use their own seeds. In many places, plants in a field were not very 
homogeneous, and a few glaberrima plants could be found. 
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Irrigated rice fields on a smaller scale are found in Niger (Koutoukale), Nigeria 
(Badeggi), and other countries. At Koutoukale, the conditions seemed to resemble 
those of deep-water paddies. At Badeggi, the rice fields partly or completely irrigated 
are sectioned by dikes, and relatively intensive culture by transplanting is practiced. 
Fertilizers subsidized by the Government are also used to a certain extent. 
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9. Intensive Rice Culture Practiced by the Demonstration Farms of the 
Ropublic of China 

Since 1961, the Government of the Republic of China has sent agricultural 
missions to Libya, Liberia, Ivory Coast and Dahomey, and set up model farms. One 
mission consists of a leader, a sub-leader, and about ten young men well trained in 
agricultural techniques. They cultivate a 3-5 ha land allocated by the local government. 
They live in houses built nearby the farm, and are equipped with small machinery, 
seeds, fertilizers and other materials, mostly provided by the Chinese Government. 
The site of the farm is determined by negotiation between the local government and an 
inspecting mission of the Chinese Government visiting in advance. 

The main purpose of these agricultural missions is to show the people the 
techniques of advanced farming. As soon as they arrive at the site, they have to clear 
the bushes, level the Land, and to begin to grow rice and other crops. Ponlai (Horai) 
varieties have been grown in different seasons either by transplanting or 
space-seeding methods. The soils of the farms vary from sandy to clay loam, and 
coatain different amounts of organic matter. According to soil types, different 
combinations of chemical fertilizers are used, and irrigation by pumping up river water 
is continued unless it rains sufficiently. Other cultivation techniques follow those in 
Taiwan, The results have been generally successful. For instance, at Oueda, Dahomey, 
Taichung 65 was grown in a newly reclaimed swampy paddy with much organic 
matter; N 40, P2O5 60 and K2O 60 kg/ha were applied and transplanting was made in 
late March. The grain yield was about 6 ton/ha, which might be the highest record in 
West Africa. The same variety directly seeded in May produced about 3.5 ton/ha. These 
may serve as an example showing that intensive cultivation, if practiced in Africa, 
gives as high a yield as in the Orient, and thus the rice fields in Africa have a high 
potential productivity. We learn at the same time that the Ponlai varieties, at least 
some of them, have a world-wide adaptability. Of several varieties tested, those 
successful at Dahomey were Taichung 65, Tainan 3, Taichung 178, and Taichung 
Indical. 

This work is only starting, and certain technical problems remain to be 
investigated: How many crops may be raised in a year? What are the best growing 
seasons? How to control Piricularia disease which often attacks the fertilized rice fields. 
How to prepare the land economically, as the local farmers are not accustomed to 
cattle-ploughing. Construction of irrigation systems and education of the people might 
be the most important basis for the modernization of rice culture. However, the 
successful culture practiced by the demonstration farms is stimulating to the people, 
and the missions are welcomed and well liked by the people and the governments. 
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The Ponlai varieties of Taiwan are also being tested in major research stations in 
West Africa. In general, the results are satisfactory, if an intensive growing method is 
used. For instance, at the Rice Research Station, Badeggi, Northern Nigeria, Taichung 
65 transplanted in July produced about 3.8 ton/ha. This variety was found further to 
be resistant to high Ph values of the soil. If intensive culture is advanced in the future, 
varieties like the Ponlai, which have high fertilizer response and wide seasonal 
adaptability, will become important in Africa. 
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10. Some Statistical Notes on Rice Yield in Africa 

Area of rice cultivation and average grain yield in 1960/61, quoted from the FAO 
Rice Report 1963, are given in Table 4. It is found that in most West African countries 
yield is lower than 1 ton/ha. In contrast, Mediteranian countries enjoy a high yield. 

 

Table 4. Area and unhulled grain yield of rice in West Africa, as compared with those in 
other parts of the world. 

Country Area (1,000ha) Yield (ton/ha) 

West Africa    

Senegal 69 1.21  

Gambia 23 1.12  

Guinea 216 1.50 (?) 

Sierra Leone 283 0.93  

Liberia** 260 0.67  

Ivory Coast 200 0.80  

Ghana 28 1.16  

Togo 15 0.74  

Mali 164 0.87  

Upper Volta 38 0.82  

Niger 8 0.91  

Nigeria 195 1.20  

Cameroun* 8 1.04  

Tchad (Equatorial Africa)** 16 0.72  

South and East Africa    

Congo (Brazzaville) 5 0.70  

Congo (Leopoldville)* 153 1.08  

Kenya** 10 0.59  

Nyasaland** 4 0.54  

Tanganyika** 51 1.23  

Uganda 8 0.52  

Madagascar 762 1.59  
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Table 4. Continued 
Country Area (1,000ha) Yield (ton/ha) 

Mediteranian region   

United Arab Republic 297 5.00 

Algeria 2 4.42 

Morocco 4 4.39 

Spain 65 6.17 

France* 32 4.10 

Italy 129 4.83 

Yugos lavia 6 3.93 

Greece 14 3.86 

Turkey 42 4.31 

   

Other countries   

India 33,567 1.53 

Thailand 5,677 1.37 

Philippines 3,198 1.16 

Taiwan (per crop) 766 3.10 

Japan 3,308 4.86 

U. S. A. 645 3.84 

Brazil 3,174 1.70 

Australia 19 6.16 

* 1959/60     ** 1949-53 
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11. Research Activities in West Africa 

Research centers of rice we have visited are: West African Rice Research Station, 
Rokupr, Sierra Leone, Institut de Recherches Agronomiques Tropicales (I.R.A.T.), 
Kogoni par Niono, Mali, and Federal Rice Research Station, Badeggi, Northern Nigeria. 
We have also visited: Station des Riz Flottants, Ibetemi, Mopti, Mali, Agr. Res. Center, 
Suakoko, Liberia, Station Centrale d'Experimentation Agricole, Bouake, Ivory Coast, 
Stations de la Riziculture, Ferkessdougou, Ivory Coast and Kamboinse, Upper Volta, 
and Sous-Secteur de Modernisation de la Riziculture (SEMRY), Yagoua, Cameroun. As 
mentioned in the introduction, we are indebted to the kind helps of the directors and 
staff-members of these and other institutions. 

Generally saying, liaisons between stations of ex-British and ex-French countries 
do not seem to be frequent, while relations between stations in the same linguistic 
group are intimate. Agronomic studies carried on in these research stations are briefly 
outline below. 

a) Varietal experiment. Introduction of sativa varieties and their observation are 
continued in all research stations. Stations in ex-French and ex-British countries 
obtain seeds mainly from French and British countries in other parts of the world, 
respectivly. The varieties introduced by the Federal Rice Research Station, Nigeria, 
until 1955 are listed as to their origin, as an example. 

Sierra Leone 8  Malaya 13  British Guiana 6 

Ghana 1  Pakistan 3  Australia 9 

French Sudan 1  Ceylon 3  U. S. A. 2 

East Africa 3  North Borneo 2  Taiwan 1 

India 11  Thailand 8  Local 8 

Burma 27  Indonesia 7    

 
The varietal tests made by these stations range from simple observation to yield 

trials with many replications. In the I.R.A.T., Mali, a randomized-block experiment 
sometimes consists of as many as 10 replications, but the variation due to year is 
considerably large. Pure-line selection of the selected varieties has also been made in 
some stations for earliness, awnlessness, white pericarp and other characters. These 
experiments are usually made in an irrigated condition to find good varieties adapted 
to rainfed or artificially irrigated fields. The station at Ibetemi, Mopti, Mali, deals with 
floating rice. Regional tests of floating rice are also conducted in Northern Nigeria by 
the Federal Rice Research Station. The West African Rice Research Station deals 
mainly with rice fields in mangrove swamps. Upland rice is almost neglected, though 
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some regional tests are conducted in Nigeria. 

b) Seed multiplication. In many research stations, recommended varieties are 
propagated in a seed multiplication system consisting of three steps, which does not 
much differ from that adopted in Japan or in Taiwan. However, extension of improved 
seeds is a difficult problem. In general, the farmers use the stock seed only when their 
own seed is insufficient. 

c) Fertilizer experiment. It is conducted in most research stations. Nitrogen and 
phosphoric acid are in many cases found to be effective, though in the mangrove 
swamp nitrogen is not much effective. Potash is often ineffective due to a sufficient 
natural supply. For instance, the Niger River contains a relatively large amount of 
potash. Topdressing of nitrogen after flower initiation, though it is often found effective 
in tropical countries, has not attracted so much attention in Africa, possibly because its 
effect depends on other conditions in a complicated manner. Also the variety-fertilizer 
interaction is not yet a main subject of study in Africa. 

As a rule, nitrogen may be in tropical conditions less effective than in temperate 
conditions, due to the low response of varieties, high temperatures, and the 
primitiveness of cultivation techniques. However, as already mentioned, intensive 
cultivation with fertilizers can give a high yield. The farmers do not use fertilizers as 
they are not accustomed to it and fertilizers are of high price. An example showing this 
relation is given below. (Next page) 

In the above example, the price of rice is approximately the same as that of 
ammonium sulfate. In other states, however, fertilizers are higher. For instance, in 
Mali, ammonium sulfate is about 14$ per 100kg, while the farmers sell their rice at 
about 5$ per 100 kg. 
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Table 5. Balance sheet of application of ammonium sulfate in Nigeria. (By Mr. Th. J. 
Bredero, Rice Res. Station, Badeggi; transformed into kg/ha and U. S. $ units) 

Amm. sulfate 

(kg/ha) 

Cost ($/ha) Yield 

(kg/ha) 

Gross return 

($) 

Nett return ($) 

Subsidized Unsubs. Subsid. Unsubs. 

0 - - 2,250 262 - - 

113 4.35 13.10 2,500 289 23 14 

225 8.70 26.20 2,730 316 45 28 

338 13.05 29.30 2,970 344 69 43 

450 17.40 52.40 3,190 372 93 58 

 
On the other hand, repetition of culture without fertilizers results in devastation 

of soil fertility. The use of fertilizers will become necessary year after year in certain 
localities. To grow green manures in the dry season was attempted in Nigeria. The 
legume crops tested were: Stylozanthes gracilis, Crotalaria juncea, C. retusa, Delichos 
lablab, Centrosema pubescens, etc. They however failed to produce seeds on account of 
drought. There might be various nitrogen-fixing algae in Africa. Also there might be 
deficiencies in minor elements. These remain to be studied in the future. 

d) Weeding experiment. Herbicides were tested by Mr. A. Vaillant at Badeggi, 
Nigeria. Principal weeds are Oryza barthii and species of Echinochloa, Vetiveria, 
Jussiaea, Sphenochlea, Schyzachyrium, Digitaria, Leersia, etc. As herbicides before 
planting, MCPA (2-methyl-4-chloro-honoxy-acetic acid), as well as ATA (aminotriazole) 
showed only a temporary effect on perennial grasses. An application after 
transplanting of Stam F34 (3,4 dichloro-propionanilide) or PCP (sodium 
pentachlorphenol) was relatively effective. It was recommended to plough the land in 
January so as to promote the growth of perennial grasses and at the advent of the 
rainy season to apply 2:2 sodium dichloropropionate. Then the land must be cultivated 
in two weeks, and after planting weeding may be efficiently made with a Japanese hoe. 

e) Photoperiodic response and growing-season experiments. Experiments in this 
direction have been carried out at Rokupr, as well as at Badeggi, with the view to 
finding out the best seeding time and the mechanism of yield determination. Most 
sativa varieties grown in these countries were found to be photo-sensitive in varying 
degree, except for some from Indonesia (Mas 2401). The minimum effective light 
intensity was also studied at Rokupr. 

In a growing-season experiment made at Rokupr, seeding in May and October 
gave smaller measurements for yield characters than those in June to September. This 
suggests that there are two naturally adaptive seasons for growing rice in Africa, as 
they are found in other parts of the world. 
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The present growing seasons in Africa are primarily determined by rainfall or 
inundation of rivers. In the future, as irrigation facilities develop and rice culture is 
intensified, information from growing-season experiments will become more important 
as a basis to understand the mode of adaptation of varieties to different conditions. It 
is desirable that growing-season experiments throughout the year may be conducted at 
different localities in parallel, using the same set of varieties. How to grow an 
additional crop in the dry season may be clarified by such studies. 

f) Other agronomic experiments. Seeding rate and trasplanting density have been 
studied in various stations. As already mentioned, in some places too many seeds or 
seedlings are used to make up a hill, while the hills are spaced too widely. In this 
connection, Mr. Th. J. Bredero at Badeggi, Nigeria showed that the 7.5 cm × 30 cm 
transplanting of small clusters each consisting of 2 to 3 seedlings, which was about six 
times as dense as the traditional one, gave the highest yield and was most economical. 
The same will hold true for space-seeding, and seeding rate may be reduced as land 
preparation before seeding is improved. An experiment at the I.R.A.T., Mali showed 
the optimum rate to be 120-140 kg/ha, but 60 kg/ha was the best in Nigeria. 

It seems that when transplanting is made, the nursery-bed period now 
traditionally adopted is too long. In Nigeria, 4-week nursery was found to be much 
better than the 8-week beds. Application of fertilizers to nursery beds will also be 
needed, if the seeding rate is adequately adjusted. 

Milling experiments are made in various stations. The major problem are the 
percentage of total milling turn-out (usually 72-64%), and the cracking of grains due to 
strong desiccation during maturation (when the "harmattan" - dry wind from the 
Sahara - comes). Palatability tests and cooking experiments are also made, but a 
comparison between sativa and glaberrima has not been made. 

Further, the resistances to submergence, drought and salinity seem to be 
important characters in Africa. The resistance to Piricularia oryzae is tested at 
Badeggi, by using the FAO's blast nursery technique. The physiology of seed dormancy 
has been studied by Dr. E. H. Roberts at Rokupr. Researches in soil chemistry are 
being made in principal stations, especially at Rokupr as regards mangrove swamps. 

g) Hybridization breeding. Introduction and variety trial have been the main line 
of variety-improvement work in Africa. Varieties better adapted to local conditions may 
however be obtained from hybridization. It has been practiced at Rokupr since 1951, 
and at Badeggi since 1957. Several crosses between sativa varieties of different origins 
were made in order to obtain, for instance, early varieties with a high yielding capacity, 
highly respondent to nitrogen, non-lodging, resistant to Piricularia oryzae, and thus 
adapted to partly irrigated paddies. Indica x Japonica crosses, such as BG-79 x 
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Taichung 65, were also attempted. Pedigree method is used so as to trace back the 
records in different generations, as annual fluctuation in yield data is considerably 
large. Mass selection of bulk populations is made in early generations. From these 
stations, improved varieties will be released in a few years. At the I.R.A.T., Mali, 
hybridization was started in 1962 in a small scale. The objectives are to combine 
floating ability with grain quality and yield. 

A subject of special interest for us is the sativa x glaberrima hybridization 
breeding, projected at both Rokupr and Badeggi since 1958. The objective was to 
combine the vegetative vigor and flood resistance of glaberrima with the colorless 
pericarp and non-shedding character of sativa. At Rokupr, in view of the high sterility 
of F1 hybrids, doubling of chromosomes was attempted, but was not successful. At 
Badeggi, progeny lines were successfully established from three out of five crosses so 
far made. Because of the F1 sterility, many F1 plants were produced. The fertility of F2 
plants ranged from 0% to 95%. Selection was started from F3 for vegetative vigor and 
white pericarp. Fertility and grain yield were improved with generations. Now, several 
dozen F5 or F4 lines per cross are under observation by Mr. B. D. A. Beck. Some of them 
show a yield not inferior to ordinary sativa varieties in the irrigated experimental field, 
but their flood resistance was not yet observed. 
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12. Considerations 

As the background environment of rice culture, we may consider first some 
characteristic features of agriculture in West Africa. The following may be pointed out 
within the scope of our observations. 

a) Extensiveness. In the coastal mountainous region of West Africa, the people 
generally adopt the shifting method, burning the bushes to prepare their field. Also in 
other regions, it seems that they cultivate as large a field as possible when food is 
insufficient, not concentrating efforts to a limited area. Thus, land and human labor 
may be wasted, as soil fertility declines and soil erosion will also take place. We found, 
however, that small gardens attached to farmers houses, where yam and other 
vegetables are grown by women, could be of high soil fertility as compost is used. This 
indicates that a high fertility can be retained in Africa if the land is properly manured. 
The idea of land utilization will be important for better agriculture. 

b) Conservatism. Though experimental results show that fertilizer application 
and other technical improvements are profitable, the farmers do not easily accept those 
modern techniques. This might be partly due to their social system, as the land belongs 
to a big family, a village chief, or even to a tribe. Traditionally the chief of a group 
governs his land and allocates plots to individuals. This may be called a feudal 
communism. As the right and responsibility of individual persons are not validly 
established, there is nobody who wants to expend efforts for improvement. It is said 
that in growing cash crops such as peanut and cocoa, whose price widely fluctuates 
year by year, the feudal social system has worked as a safety mechanism against 
economical storms. In the suburbs of cities, the rural society is recently going to be 
modernized. 

c) Cultivation by hand. In general, cattle is not used in cultivation. In many West 
African countries, cattles are reared by a particular nomadic tribe which is not 
interested in growing crops. Animals are regarded as a property of the owner who is 
proud of his big herd, and are sold for slaughtering when he needs money. Tse-tse flies 
and other infective diseases also threaten animals in some area. In Nigeria, the 
research station has recommended to the farmers cattle ploughing, but the attempt 
has failed because the farmers are not trained to use the animal. Thus, in many cases, 
land preparation is made with a hoe, though it is a hard labor. Tractors kept by 
governmental organizations are lent to the farmers in certain limited areas. 

d) Lack of water reservoirs. In Asia, the people have constructed water reservoirs 
since ancient times in order to obtain water in dry season. There is no such tradition in 
Africa. Barrages and ponds they have now are due to recent construction, and are not 
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enough in number. 

e) Mix-cropping. Together with rotation, mix-growing of different crops is made in 
upland farms, The mixtures are sorghum-millet, maizesorghum, 
maize-sorghum-millet, rice-sorghum, rice-maize-sorghum, cottonmaize, 
cotton-sorghum, cotton-cassava, etc. It is said that the farmers well know the nature of 
soil and the adapted crops (Gaudy, M. 1958. Manuel d'Agriculture Tropicale. Paris). 
But it is not explained why the farmers like mix-cropping. 

These are handicaps which may restrict modernization of African rice culture. We 
do not intend to discuss how improvements may be attempted, based on our limited 
observations. But keeping the abovementioned conditions in mind, we will take up 
some technical problems involved in rice breeding in Africa. 

a) Potential value of Oryza glaberrima as a crop. In most research stations efforts 
are directed to O. sativa, while O. glaberrima is rather neglected. As already 
mentioned, in deep-water paddies glaberrima has higher flood resistance than sativa. 
Also in upland fields glaberrima is said to be more resistant to unfavorable conditions 
than sativa. (Morishima et al. 1962, Ind. Jour. Genet.& Pl.Breed. 22: 1-11, however, 
showed that when tested by the mimosa method, glaberrima has lower resistance to 
drought than sativa.) 

The two species are often mix-grown in the upland fields. It may be that their 
different responses to various conditions are combined to make up a balanced 
mechanism. As to how the mixed population can be maintained, competition 
experiments in different conditions will be needed. 

It is said that glaberrima has lower yielding capacity than sativa. However, some 
glaberrima varieties show higher yields than sativa. For instance, 31 glaberrima 
varieties tested in the experimental field at Badeggi, Nigeria, yielded from 1.2 to 3.5 
ton/ha. A variety Jatau showed on the average of many years 2.7 ton/ha when 27 kg/ha 
of nitrogen was applied. It is a higher yielder than sativa varieties grown in the same 
conditions. 

The two species do not seem to differ much in grain quality, though glaberrima 
rice is said to be more sticky than sativa (Indica) rice. No palatability test to compare 
the two species has been made in research stations. It seems that in the coastal 
upland-rice area the people have no differential preference. In Mali as well as in 
Northern Nigeria where floating rice is common, the people seem to prefer glaberrima 
to sativa. We had a chance to taste newly harvested glaberrima rice, polished by the 
native method and boiled. We found it very delicious. 

Most sativa varieties have been improved for many years, especially in the last 
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half century by modern breeding techniques. In contrast, glaberrima varieties have not 
been improved, except that they might have been naturally selected under the 
pressure of cultivation by the local people. Most of them have red pericarp, a high 
percentage of grain shedding, and a pronounced seed dormancy like wild forms. The 
seeds can be stored in water; in some locality, the people actually do this. Further, we 
have found that some varieties can grow wild in swamps disturbed by man. Thus, 
glaberrima may be compared with the primitive sativa varieties as found in the 
Jeypore Tract, India, but cannot be compared with modern sativa varieties. 

We cannot therefore assert that glaberrima is essentially inferior to sativa in 
yielding capacity. It will have a high yielding capacity if improved by modern 
techniques and grown by intensive methods, and it may have some advantageous 
characters which we do not know yet in sativa. We are inclined to consider that any 
species of food crop is a precious property of humans. A glaberrima variety comprises a 
complex of different types. This indicates its potentiality for improvement. 

b) Within-populational variability. In both sativa and glaberrima, we find many 
different types coexisting in the same field. This seems to be a characteristic feature of 
African rice fields. It seemed that some populations of cultivated rice could contain 
more genetic variability than populations of wild species, which are known to be partly 
allogamous. Experiments on natural outcrossing carried out at Rokupr however 
showed that the percentage of outcrossing in cultivated species was not particularly 
high in the condition of Africa. We also failed to find hybrids between sativa and 
glaberrima, except, for one. Therefore, natural hybridization cannot account for the 
heterogeneity of cultivated rice populations. Why an autogamous plant population can 
be polymorphic is a difficult problem. It is possible that in a roughly cultivated field 
environmental factors widely vary, and seasonal as well as annual fluctuation in 
environment alternatively favor different genotypes. As mentioned before, it is 
generally found in Africa that the yield records of rice varieties in an experiment 
station markedly differ from year to year. Though comparable data from farmers' fields 
are not available, genetic heterogeneity of the populations can be a buffering 
mechanism against environmental fluctuation. 

Hypothetically, we may assume that the more primitive the level of agriculture, 
the larger would be the genetic variability in a population. As an evidence for this, we 
remember an example in Thailand, where pureline selection was since 1954 conducted 
simultaneously in different parts of the country. Yield improvement after selection was 
in underdeveloped areas apparently higher than in developed areas. This indicates 
that rice populations in underdeveloped areas carry a large genetic variability for an 
unknown reason. 

c) Competition between rice and weeds. In deep water as well as artificially 
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irrigated paddies, weeds often threaten rice culture. The worst weed is Oryza perennis 
subsp. barthii, which propagates by rhizomes and cannot be easily weeded out. If it 
increases, the farmer is compelled to abandon, his rice field. Then, Echnochloa 
stagnina and other grasses increase against barthii, and the field can be reclaimed 
again several years later. There is thus a turning-round, competition among cultivated 
rice, wild rice and other grass species. The ecology is a problem to be studied in the 
future. 

d) Breeding objectives. In general, the evolution of genotypes might proceed in 
parallel with that of environments (Oka and Chang, in press). As cultivation 
techniques become advanced, varieties adapted to the advanced cultivation are 
required. From this viewpoint, it seems difficult to define breeding objectives in Africa, 
as growing conditions will be improved more and more. For instance, in a primitive 
condition, the growing period will be positively correlated with yield. This is true for 
the experimental results obtained in many African research stations. However, 
advancement of rice yield in Japan as well as in Taiwan is based on the breeding of 
early varieties. There, the growing period is not correlated with yield, and the highest 
yielders are modern early varieties. At present, the main varieties in Africa are 
photoperiodically sensitive, and have a growing period of 5 to 不明 months; they give 
better yield, than earlier varieties. If irrigation facilities develop and rice culture is 
intensified, the problem of growing period will be reexamined, and early varieties with 
a high fertilizer response will be required. 

On the other hand, a wide adaptability to different conditions will be an 
important character in Africa. The Ponlai varieties of Taiwan have wide seasonal as 
well as regional adaptabilities, but have little tolerance to certain unfavorable 
conditions. In relation to this problem, studies of selection techniques for physiological 
characters, such as floating ability and drought resistance, seem to be of particular 
importance. Natural selection may be utilized if we know how genotypes of hybrid 
populations change in response to various conditions, and how a character becomes 
correlated with other characters in response to selection. We may assume that a wide 
adaptability can be acquired as the result of repeated natural selections working in 
different directions. Then, when a hybrid population is grown in a year under the 
condition of intensive cultivation, and in the next year in a primitive condition, can we 
obtain plants with a high yielding capacity and resistances to unfavorable conditions? 

Thus, in relation to rice breeding, we find various problems of scientific interest 
in Africa. Also there are important problems in physiology, soil science, pathology and 
other branches of agricultural sciences. We would like to conclude that Africa is a vast 
treasury of research subjects that awaits exploration. 
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OBSERVATION OF WILD RICE SPECIES 

1. An Outline 

Eight wild species of Oryza are known in Africa, namely, perennis subsp. barthii 
Chev., breviligulata Chev. et Roehr., punctata Kotschy, brachyantha Chev. et Roehr., 
tisseranti Chev., eichingeri Peter, angustifolia Hubbard, and perrieri Camus. The last 
three are however limited to South-East Africa or Madagascar. We have found all five 
species so far known in West and Central Africa. The habitats and variations of these 
wild species we have observed are mentioned below. Description for each population is 
given in the "Collection list" attached to this report. Regarding wild Oryza species, we 
have noted down before our departure the following points of interest. 

a) Pattern of variations in O. perennis subsp. barthii. 
b) Presence or absence of intermediate forms between barthii and breviligulata. 
c) Possibility of distinction between breviligulata and stapfii. 
d) Mode of occurrence of "cultivated characters" in breviligulata. 
e) Rediscovery of tisseranti. 

2. O. perennis subsp. barthii 

We found this species in Sierra Leone, Mali, Ivory Coast, Upper Volta, Niger, 
Dahomey, Nigeria and Cameroun. Though it is distributed throughout West and 
Central Africa, it seemed to be more common in the inland than in the coastal regions. 
The habitats were mostly in swamps with stagnant or running water, 0.5 to 3 m deep 
in early dry season. We have heard that by the end of dry season, the swamps are 
mostly dried up, but the rhizomes remain alive. 

In the inland or Sudan region, the habitats become extremely dry in dry season 
but are submerged in deep water when the flood comes. In the coastal region, the 
habitats of this species may remain moist throughout the year. However, we failed to 
notice a particular difference between the inland and coastal populations. Some 
populations in the Sudan region cover a large area extending over a few kilometers, 
while others consist of a small number of scattered plants. 

In the Sudan region (Mali, Niger and Nothern Cameroun), some populations of 
this species were found to be sympatric with breviligulata, though it had the tendency 
to occur in deeper water than breviligulata. In the coastal region, the two species were 
completely allopatric; barthii was in swamps along rivers, while breviligulata was in 
streams with running water. Further, some populations of barthii was found in or at 
the proximity of rice fields, where sativa or glaberrima was grown. These relationships 
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are shown in Tables 6 and 7. 

Table 6. Habitats of barthii populations. 
Type of population Water depth in early dry season Distance from nearest rice field 

Sympatric Distant Isolated 

0 <50cm >50cm >2m 0 2-20m >20m >1km 

Inland,         

fertile* 4 3 6 5 5 1 4 8 

sterile 2 5 2  5 2  2 

Coastal,         

fertile  3 1  1 2  1 

sterile 1     1     1 1 

     11 5 5 11 

* fertile: seed fertility higher than 40%, sterile; lower than 40%. 

Table 7. Syn- or allopatric relationship between barthii and breviligulata. 
 barthii  

Isolated 

 
Sympatric 

breviligulata 

  Distant Distant Isolated 

Inland 22 1 9 2 5 

Coastal 6       6 

 
In most populations, the plants stand erect, adjacent ones being connected by 

rhizomes. Even though they grow in deep water, they show little branching and 
adventitious root formation from submerged nodes. When the habitat is dried, the 
stems will lodge and then die. In Dahomey, however, we found a population in which 
the ordinary stems creeping on the ground sprouted out new plants as the rhizomes 
did. This is usual in Asian perennis populations, but might be exceptional in barthii. 

Almost all populations contained plants with red and white awns. A remarkable 
within-populational variation in panicle size was also noticed in a few populations. A 
population in Mali had plants with a different shape of panicles. This indicates genetic 
variation within populations. The relative magnitude of between- and 
within-populational genetic variations may be estimated by observing plants from the 
seeds we collected. 

The populations also seemed to contain sterile and partly sterile plants at 
different frequencies. Examples of distributions of pollen and seed fertilities are given 
in Table 8. In Mali and Ivory Coast, a few populations were found to be entirely sterile, 
from which no seeds could be obtained. Some such sterile populations seems to produce 
a smaller number of panicles than the fertile ones. But, in general, we could not find a 
definite relationship between sterility and other morphological traits. 
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Table 8. Variations in fertility and spikelet number per panicle of barthii populations. 
Population Fertility in % No. of 

plants 100 90 80 70 60 50 40 30 20 10 

(Seed fertility)            

ML-10 (Mopti, Mali)  1 4 5 2 2 2 1 1 1 19 

(Pollen fertility)            

SL-14 (Rokupr, S. L.)  9 1        10 

SL-16 (Mundu, S. L.) 4 12 6 1 1 1         25 

 Spikelet no. per panicle  

  60 80 100 120 140 160 180 200 220 240   

ML-10  1 3 8 4 2 1  1 1 21 

Sl-14 3 2 2 3       10 

SL-16 1 1 4 2 3 3         14 

 
It seems that the sterile populations are propagated by rhizomes, but the other 

fertile ones by both rhizomes and seeds. Within-populational variations in characters, 
as well as the occurrence of scattered plants, indicate that some plants are due to seed 
propagation. In the coastal region, the distribution of this species seemed to be limited 
to swamps which would not be completely dried up in the dry season. Those 
populations might be propagated mainly by rhizomes. In contrast, in the desert area, it 
is possible that some populations can survive the strong drought only by seeds. 

At Rokupr, Sierra Leone, we examined the rhizomes by digging them. It seemed 
that the rhizomes from one plant could elongate about one meter a year, producing new 
plants at each node. If a plant produced rhizomes in three directions, ten to twenty 
new plants would come up. During our trip, we were looking for a population of this 
species without rhizomes. But we could not examine all populations we found as to the 
presence or absence of rhizomes. Whether there are populations without rhizomes or 
not in our collection may be clarified by examining the plants from the seeds. 

As mentioned above, some barthii populations were sympatric with sativa, 
glaberrima or breviligulata. We may suspect that the sterility would be due to 
hybridization with other species. However, sterility did not seem to be correlated with 
variations in other characters, and we did not find plants supposedly of hybrid origin. 
As shown in Table 6, in Northern Nigeria and Mali, plants growing in rice fields tended 
to be sterile, while those in natural habitats were fertile. It is possible that in rice fields, 
as weeding is made, highly rhizomatous plants are selected but they tend to be sterile, 
in the same manner as in Asian perennis populations regenerating ability is correlated 
with sterility (Morishima et al. 1961. Evolution 15: 326-339). At Rokupr, Sierra Leone, 
examining the variation in pollen fertility of a barthii population, we found that in 
sterile plants spikelets of the same panicle markedly differed in pollen fertility. This 
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suggests that in such plants microspore formation is unstable. The tendency of some 
sterile populations to have a smallnumber of panicles suggests deterioration of sexual 
potentiality in those plants. We may then assume that the sterility in barthii is due to 
accumulated sterility factors, mainly of diplontic effect, as it is the case with Asian 
perennis populations (cf. Hinata and Oka. 1962. Jap. J. Genet. 37: 314-328). 

It was an objective of our trip to look for intermediate plants between barthii and 
breviligultata, which might be related to the putative common ancestor of the two 
species (cf. Morishima et al. 1963. Evolution 17: 170-181). We found in Mali a barthii 
plant with short ligules, and plants of breviligulata with panicles similar to those of 
barthii. Their hybrid-sterility relationships should be examined. But they did not seem 
to be really intermediate. Also no apparently hybrid plants were found as already 
mentioned. It is possible that barthii is isolated from other Oryza species by a 
physiological barrier, possibly consisting of the weakness or inviability of hybrid 
embryos or seedlings. This has been partly demonstrated by our experiments, but 
those mechanisms may work more strongly in the state of nature. More detailed 
investigations of the isolating mechanisms will be needed for throwing a light on this 
problem. 

As mentioned before, barthii is a bad weed in rice fields. It rapidly increases in 
rice fields in the Sudan region, but if the field is put in fallow, other grasses restrict its 
propagation. In many swamps this species was not found perhaps because other plants 
were more successful. The propagation of a wild species might be controlled by various 
ecological factors.
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3. O. breviligulata 

Whether O. stapfii Roschev. is synonimous with O. breviligulata Chev., or not, is 
largely a taxonomic problem, to be discussed on the basis of herbarioum specimens and 
published leterature. From his taxonomic studies, T. Tateoka (1962, Bot. Mag., Tokyo) 
concluded that the two species are synonimous. Morishima et al. (1963, Evolution 17: 
170-181), basing on observations of character variations and hybridsterility 
relationships of the materials collected by Dr. Furusato, also concluded that the strains 
labeled as stapfii could not be distinguished from those labeled as breviligulata, while 
the variation between breviligulata and glaberrima was continuous. During our trip, 
we have discussed this problem with Dr. H. Jacques-Felix (O.R.S.T.O.M., Paris), Dr. H. 
D. Jordan (West African Rice Research Station, Sierra Leone), Mr. J. Weil (I.R.A.T., 
Niger) and Mr. B. D. A. Beck (Federal Dept. Agr. Res., Nigeria), who have many years 
of experience in observing variations of rice species. None of them recognized that 
breviligulata and stapfii could be distinguished. 

There are many intermediate types between breviligulata and glaberrima, as will 
be mentioned later. One of such types, characterized by black and roundish grains with 
relatively short and slender awns, strongly contrasts with breviligulata in natural 
habitats which has yellowish long grains with long and tough awns. This type of plants, 
named O. glaberrima subsp. confusa by Dr. R. Porteres, is often called stapfii. They 
grow wild in rice fields or other disturbed habitats, and are conspicuous. But we have 
found no population consisting purely of them. If we like to distinguish this type from 
others, we may call it Oryza stapfii. 

We found a number of populations of breviligulata in Sierra Leone, Guinea, Mali, 
Upper Volta, Niger, Nigeria, Cameoun and Tchad. In the same manner as barthii, this 
species seems to be more common in the inland than in the coastal region. We failed to 
find it in the coastal regions of Liberia, Ivory Coast, Dahomey, Nigeria and Cameroun. 
In Sierra Leone, it occurred in streams or ponds with running water. In the inland 
region, the habitats were in swamps 0.5 to 3 m deep in the early dry season when we 
visited, as shown in Table 9. All those streams or swamps would be dried by the end of 
the dry season. Some habitats in Mali, Northern Cameroun and Tchad were already 
completely dry at that time. 

In contrast to barthii, no sterile plants of this species were found. It is thought 
that this species does not produce rhizomes, and is propagated only by seeds. In our 
experimental fields, all plants die out after maturity. At the already dried habitats 
mentioned above, we found that all plants died. At Sokolo, Mali, about 70 seeds were 
picked up from a block of soil, some 20 cm × 15 cm large. From the same piece of soil, 
seeds of O. brachyantha were also found. At this place, the two species were sympatric. 
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The plants standing in deep water were of floating habit, producing adventitious 
roots and branches from submerged nodes. It seemed that the maturity of this species 
would be controlled not only by day-length but also by the depth of water. In a 
population growing in a swamp, plants in the deeper central part were generally later 
than those at the fringe. It is possible that the deeper the water, the later the maturity. 

As mentioned before, certain populations of this species were sympatric with 
barthii in the Sudanic region, i.e., Mopti and Tombouctou in Mali, Northern Camerou, 
etc. (Table 7), where some populations were found in rice fields, irrigation ditches, old 
rice fields in fallow, and in other disturbed habitats. Distributions of the water depth in 
early dry season and the distance from the nearest rice field are shown in Table 9. 

Table 9. Habitats of breviligulata populations. 
Type of 

population 

Water depth in early dry season Distance from nearest rice field 

Sympatric Distant Isolated 

0 <50cm >50cm >2m 0 2-20m >20m >1km 

Inland,         

Pure 3 1 - 3 - - 1 6 

Hybrid* 1 7 1 5 9 1 -   4** 

Coastal,         

Pure - - 3 1 - 1 - 3 

Hybrid - - - - - - - - 

 4 8 4 9 9 2 1  

* Hybrid swarm between breviligulata and glaberrima or population of 
intermediate forms. 

** All were in disturbed habitats. 
 

It was a noticeable fact that the populations in natural habitats seemed to be 
relatively homogeneous, but those in disturbed habitats contained many different 
types, varying in grain color, awn color, awn length, panicle shape, etc. These 
variations generally tended toward cultivated forms. The stapfii type represents one of 
such variants, as already mentioned. 

As the variations tend toward cultivated forms, the origin of variability may be 
explained by hybridization with glaberrima. Indeed, at Mopti, Tombouctou and 
Koutoukale (Niger), we found breviligulata populations invading as a weed deep-water 
paddies where glaberrima was grown, and that hybrid swarms were established there. 
We also found that some varieties of glaberrima could grow wild in disturbed habitats 
such as man-made ditches, forming a cluster or a group of scattered plants. It seems, 
therefore, that gene exchange between breviligulata and glaberrima is promoted when 
the habitat is disturbed by man. 
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On the other hand, in the area irrigated by the Office du Niger, only sativa 
varieties were introduced since the beginning of irrigation, and as the area had been 
almost a desert before irrigation, gla-berrima was never grown. There had been 
breviligulata growing in hollows, as found now outside the irrigated area. In this area, 
we found many breviligulata-glaberrima swarms growing in ditches or roadside 
depressions. Such a hybrid population was found even in a rice field where a certain 
sativa variety was grown. There, the variation between breviligulata and glaberrima 
was apparently continuous, but they did not seem to produce hybrids with sativa. This 
population might be due to hybridization between breviligulata and glaberrima 
mix-growing with sativa. Or, we may assume that breviligulata has a potentiality to 
produce glaberrima-like forms when the habitat is disturbed by man. 

4. Collection of Wild Rice Grains by Local People 

In the Sudan region ranging from the Niger's inland delta to Lake Tchad, the 
native people sometimes collect grains from breviligulata and barthii populations for 
food. They can distinguish the two species, as they use different names. At Mopti, Mali, 
breviligulata is called "Sego", and barthii "Diga"; in Tchad, "Riss abiet" and "Riss 
amar", respectively, or the same name "Riss ana arbout" for both. When the two species 
grow together, they will be harvested together, but breviligulata produces more grains, 
and is harvested more frequently, than barthii. 

This custom was popular some thirty years ago when rice culture had not 
prevailed yet in the Sudan region. Now, it is limited to certain underdeveloped areas, 
namely, around Tombouctou and Goundam in Mali, Hadeja and Yo (western side of 
Lake Tchad) in Northern Nigeria, Lake Fitri and other places in Tchad, etc. The 
collected grains are dehulled and polished in a mortar, and are sometimes sold in local 
markets. We bought some in the market of Fort-Lamy, Tchad. The sample, brought 
from a village near Lake Fitri, was half-dehulled and contained grains not only of 
breviligulata (a greater part) but also glaberrima and an unknown species of Oryza. 
The price was somewhat higher than for ordinary rice. This suggests that wild rice is 
liked by local people. 

The methods to collect wild-rice grains differ from locality to locality. At Sokolo, 
Mali, men pick up grains deposited on the bottom of a swamp. Before the construction 
of the Office du Niger's irrigation system, the grains thus collected were used as a gift 
to the bride on the occasion of wedding. At Tombouctou, Mali, the people harvest 
panicles by cutting stems with a knife, and thresh by beating them on a mat. In 
Northern Nigeria and Tchad, women scoop the grains with a bowl, or shake the 
panicles over a bowl to gather the grains shed. The grains do not mature 
simultaneously, and are shed as soon as they reach maturity. We have heard that a 
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woman can at best collect some 20 kg a day. 

Collection of wild-rice grains is also found in some localities in India, and in the 
basin of the Amazon River. As H. G. Wells suggests (The outline of history, 1920-51), 
we may assume that this relationship between wild rice and human being has a 
bearing on the initiation of cultivated forms. The collected seeds, dropped on the 
ground nearby the dwellings of the people, will germinate and give rise to new 
populations which grow in a disturbed habitat. An evolutionary change toward 
cultivated forms will then be initiated in such populations. We were planning to look 
for such populations in the area around Lake Tchad, but the unfortunate car accident 
interrupted our further plants. 

5. O. brachyantha 

This species is distributed from Guinea to Central Africa. We found five 
populations in Sierra Leone, and one at Sokolo, Mali. In Sierra Leone, the populations 
were always in hollows on lateritic rocks, with standing water 20 to 50 cm deep. There, 
many plants were found forming clusters together with Dopatrium and other small 
flowering annuals. In the same manner as in breviligulata, plants growing in deep 
water in the central part of a habitat were later than those at the shallow fringe. It 
seems that flower initiation is regulated by the depth of water. The presence or absence 
of this response in different species is a problem to be studied in the future. 

At Sokolo, Mali, seeds of this species were found in a shallow hollow in a dry 
savanna, after dissolving a piece of hardened clay soil in water. Seeds of breviligulata 
were also found as mentioned before. No living plants were found in the habitat when 
we visited. This species seems to be annual, though experimentally the plants can 
remain alive for a few years. The size of populations might be fluctuating year by year 
in response to outer conditions. We found at Kambia, Sierra Leone, that a population 
which had been, according to Dr. H. D. Jordan, more than ten meters wide in 1962, was 
reduced to a very small one. 

6. O. punctata 

It is difficult to distinguish this species from its sister species, O. eichingeri Peter. 
According to Tateoka (1962, Natural Science & Museums 29), punctata has longer 
ligules (over 5 mm) and broader spikelets than eichingeri, and is distributed 
throughout West and East Africa, while eichingeri is limited to East Africa. We found 
two populations possibly belonging to O. punctata in Western Nigeria. One was in a 
road-side swamp between Lagos and Ikorodu, and the other in a stream running 
through the campus of the Federal Department of Agricultural Research, Moor 
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Plantation, Ibadan. The latter is the population from which Dr. W. D. Clayton of the 
Royal Botanical Farden, Kew, has collected a specimen. Both populations consisted of a 
small number of scattered plants. The sites were of sandy soil often washed by water, 
and were half-shaded by trees. The plants had no rhizomes, but new plants sprouted 
from the stems lying down on the ground. This species seems to be perennial. 

7. O. tisseranti 

This species was first discovered by R. P. Tisserant from Oubangui in 1928, and 
was described by A. Chevalier in 1932. The second discovery was made by H. 
Jacques-Felix from the high plateau of Guinea in 1956 (J. Agr. Trop. Bot. Appl. 14: 
582-588, 1958). It is regarded as a rare species. The senior reporter visited the site 
pointed by Dr. Jacques-Felix, i.e., Madina-Tokosere, Pita, Guinea (altitude about 
1,000m), and found a population in a hollow with standing water, 10 to 30 cm deep, at 
the center of a large grass land. The population, extending over an about 150 × 150 m 
area, consisted of scattered plants. The plants are about 40 cm high, and have small 
panicles with 10 to 20 spikelets. Some plants showed short rhizomes. If this species is 
annual or perennial is not clear, though it is supposed to be annual by Dr. A. Chevalier. 
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8. Considerations 

Through variation studies and crossing experiments of the genetic stocks 
collected by Dr. K. Furusato from West Africa, Morishima et al. (1963, Evolution 17: 
170-181) concluded that the two cultivated rice species, sativa and glaberrima might 
have arisen from their respective wild progenitors, the Asian forms of perennis (subsp. 
balunga) and breviligulata, independently of each other. This view is supported by the 
fact that the species series Sativa (sativa and perennis) and Glaberrima (glaberrima 
and breviligulata) are separated by a pronounced sterility barrier and certain distinct 
differences in characters, while in each series a continuous array of intergrades 
between wild and cultivated forms is found occurring in a particular region. The origin 
of glaberrima from breviligulata in West Africa was also believed by Porteres (1956, J. 
Agr. Trop. Bot. Appl. 3: 833-856), though some Indian workers (cf. Richharia, 1960, Ind. 
J. Genet.& Pl.Breed. 20: 1-14) consider that perennis is the ancestral species not only 
for sativa but also for glaberrima, and breviligulata is a hybrid derivative from 
perennis and glaberrima. 

We have observed during our trip that in the Sudanic region of West Africa, 
breviligulata and glaberrima show a continuous array of intergrades between them, 
forming hybrid swarms established in disturbed habitats. This region may be regarded 
as the variation center of these species, as postulated by Dr. Porteres. In contrast, 
perennis subsp. barthii seemed to be isolated from other species by some physiological 
barrier. These observations will support the above-mentioned hypothesis of 
independent origins of sativa and glaberrima. However, we have had some questions 
as to species relationships as follows: 

a) Differences between Asian forms (subsp. balunga) and subsp. barthii of O. perennis. 

It is believed that barthii has well-developed rhizomes but the Asian forms 
(balunga) of perennis do not produce real rhizomes. However, the plants of this species 
found in Lake Apo, Musuan, Mindanao, Philippines, had true rhizomes (Oka, unpubl.). 
The same is also true for some Indian strains. On the other hand, we may doubt 
whether all barthii plants in Africa have rhizomes or not, though we could examine 
only a part of the populations we found. This will be tested with the plants from the 
seeds collected. Together with the rhizome development, erect culms are a 
characteristic feature of barthii. But we found a population with creeping stems, 
sprouting out new plants from the nodes. Therefore, the presence or absence of 
rhizomes does not seem to be an absolute mark of distinction between the African and 
Asian forms of this species. 

About one half of barthii populations we found were in or in the proximity of rice 
fields; they grow in rice fields as an obnoxious weed. Also in tropical Asia, most 
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perennis (balunga) populations are in or nearby rice fields, and some grow as weeds. 
This suggests that in both Africa and Asia the wild and cultivated rice species have the 
same ecological requirement, and the habitat of the wild species is adapted to rice 
culture. However, we failed to find hybrid plants between barthii and sativa; barthii 
does not seem to have contributed genes to the evolution of sativa varieties. This is a 
marked difference from the situation found in tropical Asia where gene exchange 
between perennis and sativa seems to be frequent. The isolation of barthii from other 
species might be mainly due to weakness or inviability of F1 hybrids, whose growth is 
suspended at certain stages from early embryonic to tillering. However, the sterility of 
F1 hybrids between barthii and sativa is usually not very high. If late generation 
hybrids break down or not is not known. These should be investigated in the future. 

Some barthii populations were sterile, while others seemed to contain a few 
sterile plants. In the same manner, Asian perennis populations contain sterile plants 
at different frequencies; populations with a high regenerating ability tend to contain 
many sterile plants. This may be due to that sterility genes are not eliminated from 
asexually propagating populations. As already mentioned, the sterility of barthii 
populations may be, in the first place, assumed to be of the same nature as that of 
Asian perennis. The extent of asexualpropagation in barthii may be estimated by 
surveying heterogeneity and heterozygosity of the plants. If asexual propagation 
predominates, they will be relatively homogeneous though heterozygous. 

b) The mode of evolution of glaberrima from breviligulata. 

As already mentioned, O. breviligulata may be the wild progenitor of the African 
cultivated rice, O. glaberrima. According to Pieer Vignier (1939, La riziculture indigene 
a Sudan, Paris), the Sahara desert had in ancient times more oases and rivers than at 
present, and there was a tribal state called Garamantes. There the people had rice 
culture, but Egypt had then no rice introduced from Asia. The rice grown in 
Garamantes must therefore have been glaberrima. Mr. L. Marchais of the I.R.A.T., 
Kogoni par Niono, Mali, who visited Sahara, told the reporter that he has once seen 
carvings of panicles of rice and other crops on a big rock, which could date back to 
Garamantes. If the above view is correct, the origin of glaberrima must be very old 
historically. Porteres (1956, l.c.) assumes the origin of the variation center in the 
Niger's inland delta to be about 4,000 years ago. 

Morishima et al. (1963, l.c.) attempted to compare the modes of evolution of 
cultivated forms from Asian perennis (balunga) and breviligulata. The major difference 
between the two wild progenitors is that the former is capable of asexual propagation, 
but the latter is annual. It was pointed out that breviligulata populations varied more 
widely, but were less heterozygous, than those of Asian perennis. The other significant 
difference was that sativa varieties might have been differentiated into the Indica and 
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Japonica types as they approached cultivated forms, but glaberrima varieties were not. 

The large between-populational variability in breviligulata, pointed out by them, 
seems to be largely due to that in the Sudan region some populations of this species 
vary toward cultivated forms. Their "Type B" populations, approaching cultivated 
forms in seed characters, may represent such semi-cultivated forms. It was a 
noticeable fact that those populations containing semi-cultivated forms were found 
only in disturbed habitats. This is well consistent with the view that hybrid swarms 
occur in disturbed habitats (Anderson, E. and G. L. Stebbins, 1954, Evolution 8: 
378-388). Questions arise, however, as to why cultivated forms have an advantage in 
disturbed habitats. 

The above-mentioned variation of this species might be mainly due to 
hybridization with glaberrima. We may also assume that breviligulata populations 
have a large genetic flexibility to respond to the habitat, though how they have 
acquired the genetic variability remains unexplained. We may further question why 
the variation toward cultivated forms occur only in the Sudan region. This region with 
breviligulata and glaberrima may be compared with the Jeypore Tract, India, with 
perennis and sativa. If the initiation of cultivated forms is due to human disturbance of 
the habitats, we may remember that the collection of wild-rice grains by the people is 
limited to the Sudan region. The seed samples collected from this region may be used 
for looking into the population structure of those intermediate wild-cultivated plants. 

As to the interrelationship between breviligulata and barthii, we failed to find a 
positive evidence during our trip. A few seemingly intermediate forms found in Mali 
may be examined by crossing them with others. The two species must have 
differentiated from a common ancestor. However, it is possible that the ancestral form 
has become extinct as barthii developed isolating barriers. 

As mentioned above, we could find some answers to the questions as to wild rice 
species we had before our departure, but new problems have arisen during our trip. 
For looking into those problems, we are planning genetic studies of the collected 
materials. 
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SUMMARY 

1. For study and collection of wild and cultivated rice species, we have visited 
Sierra Leone, Guinea, Mali, Liberia, Ivory Coast, Upper Volta, Niger, Dahomey, 
Nigeria, Cameroun, and Tchad from October to December, 1963. Unfortunately, the 
junior reporter, Dr. Wen-Tsai Chang, died after a car accident in Northern Cameroun. 

2. The rice fields in West Africa are classified into deep-water paddy, rainfed 
lowland paddy, upland field, artificially irrigated paddy, and mangrove swamp, 
different varieties being adapted to the various conditions. 

3. The deep-water paddies are distributed in the inland region. Here, floating 
varieties of glaberrima seem to be more adaptive than sativa, in view of their 
resistances to flood and other unfavorable conditions. 

4. In most rainfed paddies, sativa is usually grown, but plants of glaberrima are 
found mix-standing. In upland fields, sativa and glaberrima are often mix-grown, and 
they are alike in appearance. Upland sativa varieties are mostly due to old 
introductions, while those grown in other types of rice fields are new. 

5. In these three types of rice fields, not only mixture of sativa and glaberrima, 
but also various morphological types of the same species are found in the same 
population. However, hybrids between sativa and glaberrima seemed to be very rare. 
Traditional cultivation methods by local people are described in the text. Generally, 
land preparation is made by hand, and fertilizers are not used. 

6. Rice culture in the coastal mangrove swamps is a recent development, and 
sativa varieties only are grown. Acidity and salinity of the soil are the problem of 
primary-importance for this type of paddy. In artificially irrigated paddies in Mali, on 
the other hand, invasion of wild rice is a difficult problem. 

 7. Intensive rice culture is attempted by the demonstration farms of the 
Republic of China, as well as by research stations. Generally, high yields are obtained 
indicating that the potential yielding capacity of African rice fields is quite high. It was 
also found that some Ponlai (Horai) varieties of Taiwan were successful if intensively 
grown. Other research activities of different stations are given in the text. 

8. The potential value of O. glaberrima as a crop is a problem to be studied. 
Considerations on breeding objectives lead to various problems of scientific interest. 

9. O. perennis subsp. barthii was found in swamps of varying water depth. In the 
Sudan region, it often grows in rice fields as a weed, propagating by rhizomes, and is 
sometimes sympatric with O. breviligulata. But no hybrid plants between it and other 
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Oryza species were found. The populations contain sterile plants at different 
frequencies in the same manner as Asian perennis populations do. 

10. Many populations of O. breviligulata were found in natural swamps, 
road-side ditches, and in rice fields. In the Sudan region, a continuous series of 
intergrades between this species and O. glaberrima were found growing in disturbed 
habitats. In such places, some varieties of glaberrima were also found to grow wild. O. 
stapfii Roschev. seems to be one of such intermediate forms. 

11. The local people in the Sudan region collect wild-rice grains for food, though 
this custom has become less active as rice culture develops. Discussions were made of 
interspecific relationships and the mode of evolution of cultivated forms from 
breviligulata. 

12. In addition to the above two wild species, O. brachyantha, O. punctata and O. 
tisseranti were collected from their natural habitats. 
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ABSTRACT OF DIARY 

(W. T. Chang) 
Oct. 8, 1963 Taipei - Tokyo (NW) - Misima 
 9 & 10 Visited National Institute of Genetics, Misima. 
 
(W. T. Chang and H. I. Oka) 
Oct. 11 Misima - Tokyo - Nigata 
 12 Annual meeting of Jap. Breed. Soc. at Nigata. 
 13(Sun) Nigata - Tokyo - Irozaki, visited Dr. K. Furusato. 
 14 Irozaki - Misima 
 16 Left Tokyo for Paris (AF) 
 17 Arriving in Paris, visited Japanese and Chinese Embassies and 

American Express Co. for visa arrangements. 
 18 Visited Dr. H. Jacques-Felix at O.R.S.T.O.M., Bondy. 
 19 & 20 Saturday and Sunday for sightseeing. 
 21 Visited Jardan des Plantes (Dr. Jacques-Felix) and I. R. A. T. (Dr. 

Andre Angladette), in Paris. 
 22 Visas completed. Left Paris for Dakar in night (UT). 
 23 Dakar - Lungi (RK) - West African Rice Res. Station, Rokupr, 

Sierra Leone 
 24 Tour to the north of Kambia (Konta and Tompare), with Dr. H. D. 

Jordan and Mr. R. Q. Craufurd. 
 25 Stay in the station for studies. 
 26 Rokupr - Mando - Mambolo - Rokupr, with Dr. Jordan by his car. 
 27(Sun) Rokupr - Port-Loko - Kasewe - Freetown, with Dr. Jordan by his 

car. 
 
(H. I. Oka; we took separate routes after leaving Freetown) 
Oct. 28 Freetown - Conakry (RK) 
 29 Visited Office des Cereals (Mr. Ibrahima Baro and Mr. Kaba 

Sekou, and Ministere des Affaires Etrangeres. 
 30 Visited Office des Cereals, then left Conakry for Mamou by a jeep, 

with Mr. Balde Mamadon Bailo. 
 31 Mamou - Tolo - Dalaba - Pita 
Nov. 1 Pita - Madina Tokosere - Pita 
 2 Pita - Mamou, one night in the jeep as flat tires could not be 

repaired. 
 3(Sun) Mamou - Conakry 



 

 
- 189 - 

 4 & 5 Stay in Conakry, visits to Office des Cereals. 
 6 Conakry - Bamako (Air Guinee). Met by Mr. R. Guegan and Mr. L. 

Marchais, and visited I. R. A. T. in Bamako. 
 7 Bamako - Segou - San, with Mr. Marchais and Mr. Guegan by a 

car of I. R. A. T, (Accompanied by them until Nov.14). 
 8 San - Mopti - Station des Riz Flottants, Ibetemi. 
 9 & 10 Stay in Station des Riz Flottants, Ibetemi. 
 11 Ibetemi - Mopti - Segou - Kogoni, by a car of I.R.A.T. 
 12 Stay in I. R. A. T., Kogoni par Niono 
 13 Kogoni - Sokolo - Kogoni, with Mr. L. Marchais by his car. 
 14 Kogoni - Segou, with Mr. Marchais, and visited Office du Niger 

(Mr. Djibril Aw). 
 15 Segou - Kolongo - Molodo - Segou, with Mr. Marchais by his car. 
 16 Segou - Mopti - Goundam - Tombouctou (Air Mali) 
 17(Sun) Tombouctou - Kabara - Tombouctou, by a car of the Comander. 
 18 Tombouctou - Gao - Niamey (Air Mali) 
 
(W. T. Chang) 
Oct. 28 Freetown - Monrovia (Liberian Airway), visited Dr. P. C. Ma, Agr. 

Col., Univ. of Monrobia. 
 29 Monrovia - Suakoko, by an official car. 
 30 Stay in Central Rice Res. Station, Suakoko, with Mr. Pillai. 
 31 Suakoko - Dbeding, visited the Chinese Agr. Mission at Dbeding. 
Nov. 1 Stay in the Mission. 
 2 Dbeding - Kpaine - Dbeding, with members of the Mission by 

their car. 
 3(Sun) Dbeding - Lamco iron-mine - Dbeding, by the Mission's car. 
 4 Dbeding - Suakoko - Monrobia, by an official car. 
 5 Monrobia - Robertfield - Abidjan (Ghana Airway) 
 6 Stay in Abidjan, visited Mr. Renard, Direction de l'Agr. and Prof. 

P. Henry, l'Ecole des Sciences de l'Univ. d'Abidjan. 
 7 Stay in Abidjan, visited O. R. S. T. O. M. (Mr. Le Chao). 
 8 Abidjan - Bouake, with Mr. Pioson and Mr. Bonnet of S. C. E. A. 

by a car of Service de Sols. 
 9 Bouake - Ferkessedougou (Mr. Matarelbe, Sta. Agr.) - Korhogo 

(Chinese Agr. Mission) 
 10(Sun) Korhogo - Boundiali - Tingrela - Korhogo, with members of the 

Mission by their car. 
 11 Korhogo - Dikodougou - Tiebila - Korhogo, by the Mission's car. 
 12 Korhogo - Kanis - Bouake, visited Mr. Zuijlen. 
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 13 Bouake - Abidjan, by an official car. 
 14 Abidjan - Ouagadougou (RK), visited Chinese Embassy, and Mr. 

Panis, Station de Kamboinse. 
 15 Ouagadougou - Kamboinse (Sta. Agr.) - Ouagadougou, with Mr. 

Brice, Directeur du Vulgarisation, by his car. 
 16 Ouagadougou - Niamey (UT) 
 17(Sun) Stay in Niamey. 
 18 Stay in Niamey, visited Mr. Coyaud and Mr. Weil, Direction de 

l'Agr. 
 
(H. I. Oka and W. T. Chang; we met again at Niamey on Nov. 18.) 
Nov. 19 Niamey - Kolo (Sta. Agr., I.R.A.T.) - Niamey, with Mr. J. Weil by 

his car. 
 20 Niamey - Koutoukale - Niamey, with Mr. J. Grinberg and Mr. D. 

Gliksman, by a car of I.R.A.T. 
 21 Niamey - Cotonou (UT), visited Chinese Embassy, then to the 

Chinese Agr. Mission at Oueda, with Mr. Shao-Tseng Feng of the 
Embassy by his car. 

 22 Stay in the Mission, visited Mr. Bosseaux, Direction de l'Agr., 
Porto-novo, with members of the Mission by their car. 

 23 Oueda - Adjehon - Oueda, by a car of the Mission. 
 24(Sun) Oueda - Cotonou (by the Mission's car) - Lagos (Nigerian 

Airlines) 
 25 Stay in Lagos, visited Japanese Embassy. 
 26 Lagos - Ibadan - Federal Dept. Agr. Res., Moor Plantation, by 

their car. 
 27 Stay in Moor Plantation. 
 28 Ibadan - Jebba - Badeggi (Federal Rice Res. Sta.), by a car of 

Moor Plantation. 
 29 Badeggi - Katsina - Bida - Badeggi, with Mr. Th. J. Bredero by 

his car. 
 30 Stay in Federal Rice Res. Station, Badeggi. 
Dec. 1-4 Stay in Federal Rice Res. Station, with Mr. B. D. A. Beck. 
 5 Badeggi - Ilorin - Ibadan - Moor Plantation, by the Station's car, 

and visited Dr. J. E. Y. Hardcastle. 
 6 Ibadan - Lagos - Ikeja, by a car of Federal Rice Res. Sta. 
 7 Lagos - Douala (in night, Nigerian Airlines) 
 8(Sun) Stay in Douala. 
 9 Douala - Yaounde, visited Chinese Embassy. 
 10 Stay in Yaounde (a national holiday of Cameroun). 
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 11 Yaounde - Nanga Eboko - Yaounde, by a car of Direction de l'Agr. 
 12 Yaounde - Garoua (Air Cameroun) 
 13 Garoua - Yagoua, with Mr. Dore by his car. Visited Mr. F. J. de 

Pommerol, SEMRY. 
 14 We left the "campment" of Yagoua by a jeep of the SEMRY at 9 

AM. At about 10, our car began to go zigzag and turned over. Dr. 
Chang died soon after arriving in the hospital of Yagoua. 

 
(H. I. Oka) 
Dec. 15-20 Stay in the hospital of Yagoua, taken care by Dr. Pierson. 
 21 Yagoua - Fort-Lamy (UT), stay in Grand Hopital. 
 22-24 Stay in the hospital, looked after by Mr. Hiu Nai, Chinese 

Embassy. 
 25-26 Stay in a hotel in Fort-Lamy, looked after by Mr. Hiu. 
 27 Looked around the suburb of Fort-Lamy with Mr. P. Ferriere, 

Direction de l'Agriculture. 
 28 Left Fort-Lamy for Marseille in night (UT). 
 29 Marseille - Nice (by train) - Rome (Alitaria) 
 30- 
Jan. 3, 1964 Stay in a hotel in Rome. Visited Dr. Y. T. Mao, FAO. 
 5-12 Stay in the I. R. R. I., Philippines. 
 13-30 Stay in Nangkang (Academia Sinica) and Taichung, Taiwan. 
 31 Taipei - Tokyo (NW) - Misima. 
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PERSONS IN CONTACT DURING OUR TRIP 
- Listed with heartfelt gratitude - 

France 

Dr. H. Jacques-Felix: Office de la Recherches Scientifique et Technique Outer-Mer 
(O.R.S.T.O.M.), 80 Route d'Aulnay, Bondy (Seine), Paris 

Dr. Andre Angladette: Institut de Recherches Agronomiques Tropicales (I. R. A. T.), 110, 
Rue de l'Universite, Paris-7 

Sierra Leone 

Dr. H. D. Jordan: West African Rice Research Station, Rokupr 
Mr. R. Q. Craufurd: " 
Mr. J. W. O. Jeffery: " 

Guinea 

Mr. Ibrahima Baro: Office des Cereales, Conakry 
Mr. Kaba Sekou:  " 
Mr. Balde Mamadou Bailo: Ministere de l'Agriculture, Conakry 
Mr. Ohiami Hilaine: Office de l'Agr., Pita  

Mali 

Mr. Louis Marchais: I. R. A. T., Kogoni par Niono 
Mr. Robert Guegan: Station des Riz Flottants, B.P.24, Mopti 
Mr. Leroy: Ministere de l'Economie Rural, Bamako 
Mr. Grevzard: Adjoint au chef de la Recherches Agronomique, Bamako 
Mr. Sement: I. R. A. T., Kogoni par Niono 
Mr. M. M. Franc:  " 
Mr. Djibril Aw: Office du Niger, Segou 
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Liberia 

Dr. P. C. Ma: College of Agr., Univ. of Monrobia, Monrobia 
Mr. J. T. Phillips: Dept. of Agr. and Commerce, Monrobia 
Mr. Pillai: Central Rice Res. Station, Suakoko 
Ambassador and staff-members of Chinese Embassy, Monrobia 
Director and members of Chinese Agr. Mission, Dbeding via Suakoko 

Ivory Coast 

Prof. P. Henry: L'Ecole des Sciences de l'Universite d'Abidjan 
Mr. Renard: Directeur de l'Agriculture, B.P.1572, Abidjan 
Mr. Le Chao: O. R. S. T. O. M., Abidjan 
Mr. Bonnet: S. C. E. A., Bouake 
Mr. Matarelbe: Sta. Agr., Ferkessedougou 
Ambassador and staff-members of Chinese Embassy, Abidjan 
Director and members of L'Equipe de Demonstration Agricole de la Republique de 

Chine (Chinese Agr. Mission), Korhogo  

Upper Volta 

Mr. Panis: Directeur, Station de Kamboinse 
Mr. Brice: Directeur du Vulgarisation, Ouagadougou 
Mr. Chen-Kao Jui: Chinese Embassy, B.P.399, Ouagadougou 

Niger 

Mr. Coyaud: Directeur de l'Agr., Gouvernement de Niger, Niamey 
Mr. J. Weil: I. R. A. T., B.P. 150, Niamey 
Mr. Joseph Grinberg: " 
Mr. Daniel Gliksman: Service de l'Agr., Niamey 

Dahomey 

Mr. M. Bosseaux: Directeur de l'Agr., Porto-Novo 
Mr. Shao-Tseng Feng: Chinese Embassy, Cotonou 
Mr. Cho-Hsiang Kuo and members of L'Equipe de Demonstration Agricole de la 

Republique de Chine (Chinese Agr. Mission), Oueda par Porto-Novo 
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Nigeria 

Dr. J. E. Y. Hardcastle: Federal Dept. of Agr. Research, Moor Plantation, Private Mail 
Bag 5042, Ibadan, Western Nigeria 

Mr. D. Archibong: " 
Mr. B. D. A. Beck: Federal Rice Res. Station, Badeggi via Bida, Northern Nigeria 
Mr. J. A. F. M. Sluyters: " 
Mr. Th. J. Bredero " 
Mr. Patil:  " 
Dr. H. R. Chedda: Dept. of Agr., Univ. of Ibadan, Western Nigeria 
Staff-members of Japanese Embassy, Private Mail Bag 211, Lagos 

Cameroun 

Mr. Shih-Ying Wu, Mr. Kuang-Chao Tai and Mr. Chien-Fu Han: Chinese Embassy, B.P. 
1174, Yaounde 

Mr. J. B. Yonke: Le Directeur de l'Agriculture, B.P.1073, Yaounde 
Mr. Dore: Direction de l'Agriculture, B.P.17, Garoua 
Mr. F. J. de Pommerol: SEMRY, B.P.46, Yagoua 
Dr. M. Pierson: L'Hopital, Yagoua 
Mr. Ernest Erickson: B.P.30, Yagoua 

Tchad 

Mr. Nai Hiu: Chinese Embassy, B.P.104, Fort-Lamy 
Mr. P. Ferriere and Mr. Esteve: Direction de l'Agr., B.P.441, Fort-Lamy 
Mr. P. Bezot: Service de l'Agr., Centre d'Amelioration des Cultures, Vivrieres, Deli, 

B.P.26, Moundou 

Italy 

Dr. Y. T. Mao: Food Crops Branch, FAO, Via delle Terme di Caracalla, Rome 
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LIST OF SEED SAMPLES COLLECTED 

Description: a. Species and variety name, b. Locality, c. Date,  
d. Collector, e. Habitat and other notes, 
* Collection on individual plant basis. 

 

Sierra Leone 

SL-1: * a. Mixture of sativa and glaberrima,  b. ca.30 km N of Kambia,  c. 
October 24, 1963,  d. Oka and Chang,  e. Dry upland field, "Shifted", 
sloping, in a low secondary forest at the edge of the forest area. Lateritic 
soil, sativa (ca.95%) and glaberria (ca.5%) are mix-sown. 

SL-2: * a. Mixture of glaberrima and sativa,  b. ca.35 km N of Kambia,  c. 
Oct.24,1963,  d. Oka and Chang,  e. Dry "shifted" field in forest. 
Lateritic soil. glaberrima (ca.95%) and sativa (ca.5%) are mix-sown, 
together with sorghum and sesame. 

SL-3: * a. Mixture of glaberrima and sativa,  b. ca.40 km N of Kambia,  c. 
Oct.24,1963,  d. Oka and Chang,  e. Similar to SL-2, glaberrima 
(ca.95%) and sativa (ca.5%) are mix-sown. 

SL-4: * a. Mixture of glaberrima and sativa,  b. ca.45 km N of Kambia,  c. 
Oct.24,1963,  d. Oka and Chang,  e. Dry "shifted" field on lateritic soil, 
gravelous. glaberrima (ca.95%) and sativa (ca.5%) are mix-sown with 
sorghum. 

SL-5: * a. Mixture of glaberrima and sativa,  b. ca.60 km N (in the direction of 
Konta) of Kambia,  c. Oct.24,1963,  d. Oka and Chang,  e. A field in 
forest, shaded by trees, which might be swampy in rainy season. Silted 
clay. glaberrima (ca.95%) and sativa (ca.5%) are mix-sown. 

SL-6  a. brachyantha,  b. ca.50 km N of Kambia,  c. Oct.24,1963,  d. Oka and 
Chang,  e. A population, 50 m × 100 m, in standing water on lateritic 
rocks, ca.10-40 cm deep. Growing together with Dopatorium and other 
water plants. 

SL-7  a. brachyantha,  b. ca.55km N of Kambia,  c. Oct.24,1963,  d. Oka and 
Chang,  e. Similar to SL-6, 100 m × 100 m in size. 
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SL-8  a. brachyantha,  b. ca.45 km N of Kambia,  c. Oct.24,1963,  d. Oka and 
Chang,  e. Similar to SL-6 & 7, 100 m × 100 m in size, surrounded by 
forest. 

SL-9  a. brachyantha,  b. Near (ca.1 km) Kambia,  c. Oct.24,1963,  d. Oka 
and Chang,  e. A small population (2 m × 5 m) along a stream, ca.20 cm 
deep. According to Dr. H. D. Jordan, this population was about 10 m × 10 
m large in 1962. 

SL-10:  a. brachyantha,  b. Near (ca.1 km) Kambia,  c. Oct.24,1963,  d. Oka 
and Chang,  e. A population, 30 m × 30 m in size, in standing water on 
lateritic rocks, 10-30 cm deep. Near the site of SL-9 (about 100 m). 

SL-11:  a. glaberrima,  b. ca.50 km NE (in the direction of Tompare) of Kambia,  
c. Oct.24,1963,  d. Oka and Chang,  e. A small population (several 
meters wide) growing wild in a swamp, ca. 60 cm deep. Partly shaded by 
trees, and partly walked over by man. The plants are of floating type. 

SL-12: * a. breviligulata,  b. Near (ca.1 km) Kambia,  c. Oct.24,1963,  d. Oka 
and Chang,  e. A population, 5 m × 10 m large, in a stream ca.10 m wide, 
and 50 cm deep. Near the sites of SL-9 and SL-10. Floating type. The 
stream has no water in the dry season. 

SL-13:  a. breviligulata,  b. Near (ca.1 km) Kambia,  c. Oct.24,1963,  d. Oka 
and Chang,  e. A population along a stream, 60-70 cm deep. Near the 
sites of SL-9, 10 & 22. 

SL-14: * a. barthii,  b. Experimental field of West African Rice Res. Station, 
Rokupr,  c. Oct.25,1963,  d. Oka and Chang,  e. A big population of 
scattered plants in a paddy field where rice is grown by the Station in dry 
season. Swampy silted clay. Most plants were fertile. Variation in awn 
color was found. Pollen fertility and rhizomes were examined. 

SL-15: * a. barthii,  b. Rokupr,  c. Oct,25,1963,  d. Oka and Chang,  e. A 
population at the fringe of the Great Scarcies River. Swampy silted clay, 
ca.10 cm deep. Rice fields are reclaimed nearby. Most plants were fertile. 
Variation in awn color was found. 

Sl-16: * a. barthii,  b. Mundu,  c. Oct.26,1963,  d. Oka and Chang,  e. A big 
population, 100 m × 500 m large, in swampy land along the Little Scarcirs 
River. Muddy clay soil. A part of the land is used for growing rice. Fertility 
high. Variation in awn color was found. Local name: Chechec. 
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SL-17: * a. barthii,  b. Rokupr,  c. Oct.26,1963,  d. Oka and Chang,  e. A 
population, 30 m × 30 m large in a water-reservoir, 1-1.5 m deep, and 
surrounded by forest. Isolated from cultivated rice. Fertility high. 

SL-18:  a. sativa,  b. Between Rokupr and Mando,  c. Oct.26,1963,  d. Oka and 
Chang,  e. Paddy field along a small stream in forest, naturally irrigated. 

SL-19:  a. sativa,  b. Between Rokupr and Mundu,  c. Oct.26,1963,  d. Oka and 
Chang,  e. Upland field in forest, partly shaded by trees. 

SL-20:  a. breviligulata,  b. Near Kasewe (ca.180 km SE of Freetown),  c. 
Oct.27,1963,  d. Oka and Chang,  e. A big population in a pond with 
slowly running water, ca.2 m deep. Floating type. Isolated from cultivated 
rice. Local name: Yerr-yerr. 

SL-21:  a. breviligulata,  b. Ro-masera (ca.120 km SE of Freetown),  c. 
Oct.27,1963,  d. Oka and Chang,  e. Scattered plants in a swamp, 
ca.70cm deep, along a stream. Rice fields are open nearby. 

Guinea 

GN-1:  a. glaberrima, Wingerin,  b. 17 km NW of Mamou (near Tolo),  c. 
Oct.31,1963,  d. Oka,  e. Seeds already harvested and threshed by local 
people, mixing sativa. 

GN-2: * a. Mixture of glaberrima and sativa,  b. Between Mamou and Tolo,  c. 
Oct.31,1963,  d. Oka,  e. A population already harvested, from an 
upland field, glaberrima (ca.70%) and sativa (ca.30%) are mix-grown, and 
different types are found in each species. 

GN-3: * a. Hybrid swarm between breviligulata and glaberrima,  b. Tolo, ca.20 
km N of Mamou,  c. Oct.31,1963,  d. Oka,  e. A population ca. 3 m × 30 
m large, along a stream in paddy fields where sativa is grown. Clay soil. 
1-2 m deep. Some plants were floating. 

GN-4: * a. hybrid swarm between breviligulata and glaberrima,  b. ca. 1 km N of 
Tolo,  c. Oct.31,1963,  d. Oka,  e. A big population, ca. 100 m × 200 m, in 
a swamp about 20 cm deep. Silted clay. This swamp was cultivated until 
1959, but was abandoned on account of the wild rice increasing. Now 
partly grazed by goats. 
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GN-5:  a. tisseranti,  b. Madina-Tokosere, Pita,  c. Nov. 1,1963,  d. Oka,  e. A 
population of scattered plants, ca.150 m × 150 m large, in a puddle of 
water ca.10-30 cm deep, in a big grass land. This site is close to that 
discovered by Dr. Jacques-Felix. Altitude about 1,000 m. 

GN-6: * a. glaberrima,  b. Kimbi-Madina, Pita,  c. Nov. 1,1963,  d. Oka,  e. 
Upland field, broadcasted. Lateritic soil. Altitude ca.1,000m. Different 
types are mix-grown. Yield may be about 0.5 ton/ha. 

GN-7: * a. glaberrima,  b. Kimbi-Madina, Pita,  c. Nov. 1,1963,  d. Oka,  e. 
Similar as GN-6. Yield may be less than GN-6. 

GN-8: * a. Mixture of sativa and glaberrima,  b. Between Kindia and Conakry,  c. 
Nov. 3,1963,  d. Oka,  e. Small upland field near a farmer's house. Clay 
loam. sativa and glaberrima are mix-grown, almost half-to-half. One 
plant supposedly of hybrid between the two species was found. 

GN-9: * a. glaberrima,  b. Between Kindia and Konakry,  c. Nov. 3,1963,  d. Oka,  
e. Dry upland field on a slope in forest. Lateritic soil. Altitude ca 500 m. 

Mali 

ML-1:  a. barthii,  b. Between Segou and San, near the ferri of the Bani River.  
c. Nov. 7,1963,  d. Oka,  e. A population, 30 m × 30 m, growing in a 
hollow already dried up, Many barthii plants grow densely without 
mixing other plants, but they had a small number of panicles and were 
highly sterile. 

ML-2: * a. Mixture of sativa and glaberrima,  b. Between Segou and San,  c. Nov. 
7, 1963,  d. Oka,  e. A small population, 20 m × 20 m, in a swampy 
hollow ca.20 cm deep. Broadcasted by the local people. Different types are 
mix-grown. 

ML-3: * a. barthii,  b. Between Segou and San,  c. Nov. 7,1963,  d. Oka,  e. A 
population, ca.10 m × 50 m, in a road-side swamp, 20 cm deep. Many 
plants grow densely. Fertility high. 

ML-4:  a. glaberrima,  b. Between San and Mopti,  c. Nov. 8,1963,  d. Oka,  e. 
A few plants growing wild in a road-side swamp, ca. 1 m deep. barthii 
grew together, but was highly sterile. 



 

 
- 199 - 

ML-5: * a. barthii,  b. Between San and Mopti,  c. Nov. 8,1963,  d. Oka,  e. A 
population, 30 m × 60 m, in a road-side swamp about 1 m deep at the 
center. Plants with panicles of different sizes were found. Fertility high. 

ML-6: * a. glaberrima,  b. Between San and Mopti,  c. Nov. 8,1963,  d. Oka,  e. 
Swampy field about 40 cm deep, broadcasted in July. barthii was found 
occurring together, but was highly sterile. 

ML-7:  a. barthii,  b. Between San and Mopti,  c. Nov. 8,1963,  d. Oka,  e. A 
population in a swamp, 50 cm deep, along a small river. Most plants were 
fertile. 

ML-8:  a. barthii.  b. Between San and Mopti,  c. Nov. 8,1963,  d. Oka,  e. A 
big population in a road-side swamp, ca.50 cm deep. Fertility high. 
Variation in awn color was found. 

ML-9:  a. breviligulata,  b. Ibetemi, Mopti,  c. Nov. 8,1963,  d. Oka,  e. A small 
population at the fringe of the Niger River, ca.1 m deep. 

ML-10: * a. barthii,  b. Ibetemi, Mopti,  c. Nov. 9,1963,  d. Oka,  e. A big 
population, more than 1 km wide, in the big inundated area along the 
Niger. Collection was made from a canoe. The land was cultivated in 1957 
and 1958, but was put in fallow later. 

ML-11: * a. breviligulata,  b. Ibetemi, Mopti,  c. Nov. 9,1963,  d. Oka,  e. A big 
population in the same inundated area as ML-10, In some places barthii 
and breviligulata were sympatric. 

ML-12: * a. Hybrid swarm between breviligulata and glaberrima.  b. Ibetemi, 
Mopti,  c. Nov. 9,1963,  d. Oka,  e. A big population in an inundated 
field, 1-3 m deep, where floating varieties of glaberrima is grown every 
year. Hybrid swarms occur in some parts of the field. 

ML-13:  a. barthii,  b. Ibetemi, Mopti,  c. Nov.10,1963,  d. Oka,  e. A big 
population at the fringe of the Niger River, 2-3 m deep. In deep places 
barthii and Echinochloa sp. predominate. 

ML-14: * a. Hybrid swarm between breviligulata and glaberrima,  b. Ibetemi, 
Mopti,  c. Nov.10,1963,  d. Oka,  e. Deep-water paddy along the Niger 
River, 1-1.5 m deep, where floating glaberrima varieties are grown. 

ML-15:  a. barthii,  b. Ibetemi, Mopti,  c. Nov.10,1963,  d. Oka,  e. A small 
population in dry savanna, which is temporary inundated in the rainy 
season. Fertility high. 
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ML-16:  a. breviligulata,  b. ca.1 km E of Mopti,  c. Nov.11,1963,  d. Oka,  e. A 
big population in the inundated area east of Mopti, ca, 2 m deep. In some 
places breviligulata and barthii are sympatric. 

ML-17: * a. breviligulata,  b. Between Kogoni and Sokolo,  c. Nov.l2,1963,  d. 
Oka,  e. A small population in a depression between road and cotton field. 
Water depth ca. 10-20 cm. Various morphological types were found 
growing together. 

ML-18: * a. breviligulata,  b. Between Kogoni and Sokolo,  c. Nov.12,1963  d. 
Oka,  e. A population in a road-side depression similar as ML-17. Silted 
clay. Water depth ca. 10-20 cm. Various types were found. 

ML-19:  a. sativa,  b. Near Sokolo,  c. Nov.12,1963,  d. Oka,  e. Paddy field 
irrigated by Office du Niger. Silted clay. Water depth ca.30 cm. 

ML-20:  a. glaberrima,  b. Near Sokolo,  c. Nov.12,1963,  d. Oka,  e. The same 
field as ML-19. A few plants of glaberrima were found in the field of 
sativa. 

ML-21:  a. breviligulata,  b. Sokolo,  c. Nov.12,1963,  d. Oka,  e. A small 
population, ca.10 m × 10 m, in a hollow, already dried up, in the dry 
savanna around Sokolo. The plants already died. 

ML-22:  a. breviligulata (A) and brachyantha (B),  b. Sokolo,  c. Nov.12,  d. Oka,  
e. A shallow depression, ca.100 m × 100 m, in the dry savanna or desert 
near Sokolo. The population was grazed by goats, and all plants died as 
the land was dried up. From a block of soil, 15 cm × 20 cm large, dissolved 
in water, 72 seeds of breviligulata, 16 of glaberrima (?) and 93 of 
brachyantha were found. 

ML-23: * a. breviligulata,  b. Sokolo,  c. Nov.12,1963,  d. Oka,  e. A population, 
ca.100 m × 150 m, in a hollow in dry savanna. or desert, the depth of 
water being about 30 cm. Variation in color was found, but relatively 
homogeneous. The habitat is not disturbed by man. 

ML-24: * a. breviligulata,  b. Between Sokolo and Kogoni,  c. Nov.12,1963  d. 
Oka,  e. Scattered plants in a road-side ditch, ca.2 m wide and 1 m deep. 
Different types were found. 

ML-25: * a. barthii,  b. About 5 km S of Kogoni (par Niono),  c. Nov.12, 1963,  d. 
Oka,  e. A small population in a road-side ditch, 4 m wide and 1.5 m deep. 
Fertility high. 
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ML-26: * a. Mixture of sativa, glaberrima, breviligulata and barthii,  b. 5 km N of 
Kolongo, Segou,  c. Nov.15,1963,  d. Oka e. Irrigated field of sativa with 
scattered plants of the other three species, some making clusters. 
Intermediate forms between glaberrima and breviligulata were also 
found. This field has been cultivated for 20 years continually. 

ML-27: * a. breviligulata and barthii,  b. 5 km E of Kolongo, Segou,  c. 
Nov.15,1963,  d. Oka,  e. A population in a swamp with irrigation water, 
50 cm deep. This place was once reclaimed for rice, but was abandoned for 
10 years. The two species were sympatric. This population is adjacent to 
ML-28. 

ML-28: * a. sativa (Gambiaka) and barthii,  b. 5 km E of Kolongo, Segou, c. 
Nov.15,1963,  d. Oka,  e. Irrigated field, 50 cm deep. Silted clay. sativa 
was transplanted, and barthii grew as weeds. Some barthii plants had 
many rachis in a panicle. Fertility high. Adjacent to ML-27. 

ML-29: * a. Hybrid swarm between breviligulata and glaberrima, and sativa  b. 3 
km N of Molodo, par Niono,  c. Nov.15,1963,  d. Oka,  e. A hybrid 
population growing at a corner of an irrigated rice field where sativa 
(Gambiaka) is grown. 20 cm deep. The wild rice is considered as an 
obnoxious weed. 

ML-30:  a. sativa, Gambiaka,  b. Kolongo par Niono,  c. Nov.15,1963,  d. Oka,  
e. This variety, originally from Thailand, is most popular in the irrigated 
area of the Office du Niger. 

ML-31  a. glaberrima, Kosa-vivi,  b. Kabara, Tombouctou,  c. Nov. 17, 1963,  d. 
Oka,  e. An early variety of floating habit. In the field about 2 m deep, 
harvesting was being made with canoes. different types were found in the 
population. 

ML-32  a. glaberrima, Ginga,  b. Kabara, Tombouctou,  c. Nov.17,1963,  d. Oka,  
e. A semi-early variety of floating habit. From the same field as for ML-31. 

ML-33:  a. sativa, Marubadion,  b. Kabara, Tombouctou,  c. Nor. 17,1963,  d. 
Oka,  e. A late variety of floating habit. From the same field as for ML-31 
and ML-32. 

ML-34:  a. glaberrima, Denbu,  b. Kabara, Tombouctou,  c. Nov.17,1963,  d. Oka,  
e. A late variety of floating habit, from the same field as for ML-31-33. 
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ML-35:  a. glaberrima, Barakauey,  b. Kabara, Tombouctou,  c. Nov.17, 1963,  d. 
Oka,  e. A late variety of floating habit, from the same field as for 
ML-31-34. 

ML-36: * a. barthii and breviligulata,  b. Kabara, Tombouctou,  c. Nov.17, 1963,  
d. Oka,  e. Scattered plants found in the deep-water field (2-3 m), from 
which ML 31-35 were taken. Some plants of breviligulata had panicles 
similar as those of barthii. barthii was fertile and showed variation in 
awn color. 

ML-37:  a. glaberrima,  b. Tombouctou,  c. Nov.17,1963,  d. Oka, e. Plants grown 
in a hollow in desert, together with sweat potatos. Those plants are 
watered with a pail, from a puddle of water at the bottom of the hollow. 

ML-38:  a. sativa, Sikasso B,  b. I.R.A.T., Kogoni par Niono,  c. Nov.12, 1963,  d. 
Oka,  e. A variety grown in Mali for many years. 

ML-39:  a. sativa, Sikasso H,  b-e. Same as for ML-38. 

ML-40:  a. sativa, Bentoubula B,  b-e. Same as for ML-38. 

Liberia 

LA-1:  a. sativa, Gbonota,  b. Central Rice Res, Station, Suakoko,  c. 
Oct.31,1963,  d. Chang,  e. An upland variety. 

LA-2:  a. sativa, Plantiplu,  b. Central Rice Res. Station, Suakoko, c. 
Oct.31,1963,  d. Chang,  e. An upland variety. 

LA-3:  a. sativa, Zeeka,  b. Central Rice Res. Station, Suakoko,  c. Oct.31,1963,  
d. Chang,  e. An upland variety. 

LA-4:  a. sativa, Bentoubala B,  b. Suakoko,  c. Oct.31,1963,  d. Chang,  e. 
Rainfed paddy, transplanted by a local farmer, but the seed was due to the 
Central Rice Res. Station. 

LA-5: * a. sativa,  b. 14 km N of Gbeding via Suakoko,  c. Nov.1,1963,  d. 
Chang,  e. Dry upland field on a slope, broadcasted. Different types are 
found together. 

LA-6:  * a. sativa,  b-e. Same as for LA-5. 

LA-7: * a. sativa,  b. Gbeding via Suakoko (near the Chinese Agr. Mission),  c. 
Nov.1,1963,  d, Chang,  e. Upland fied, broadcasted. Different types are 
grown together. 
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LA-8: * a. Mixture of sativa and glaberrima,  b. Near Gbeding via Suakoko,  c. 
Nov.1,1963,  d. Chang,  e. Upland field on an island in a big swamp 
surrounded by hills. Some plants were partly sterile. 

LA-9: * a. sativa,  b. Pinta (40 km SE of Gbeding, ca 100 km NE of Suakoko,  c. 
Nov.2,1963,  d. Chang,  e. Upland field on a slope, shifted, and trees 
remain. Different types are grown together. 

LA-10:  * a. sativa,  b-e. Same as for LA-9. 

LA-11: * a. sativa,  b. Between Gbeding and Suakoko,  c. Nov.4,1963,  d. Chang,  
e. Upland field on a slope, shifted and broadcasted. Different types are 
found together. 

LA-12:  a. sativa, Biploin,  b. Central Rice Res. Station, Suakoko,  c. 
Oct.31,1963,  d. Chang,  e. An upland variety. 

Ivory Coast 

IC-1: * a. barthii,  b. Near Station Central Exp. Agricole (S.C.E.A.), 
Ferkessedougou,  c. Nov.9,1963,  d. Chang,  e. A population in a water 
reservoir, 2-3 m deep. It is dried up in the dry season. Fertility high. 
Variation in awn color. 

IC-2: * a. barthii,  b. Near S.C.E.A., Ferkessedougou,  c. Nov.9,1963,  d. Chang,  
e. Another population in the same water reservoir as for IC-1. Fertility 
high, variation in awn color. Sympatric with sativa. 

IC-3:  a. barthii,  b. 20 km W of Ferkessedougou,  c. Nov.9,1963,  d. Chang,  
e. A population in a swampy rice field along a small river, ca.30 cm deep. 
Fertility high. Awn red. 

IC-4:  a. barthii,  b. Near Korhogo (par Ferkessedougou),  c. Nov.9,1963,  d. 
Chang,  e. A population in a rice field. Variation in awn color. 

IC-5:  a. barthii,  b. Korhogo (35 km W of Ferkessedougou),  c. Nov.9, 1963,  d. 
Chang,  e. A population at the fringe of a river. Near the site of IC-4. 

IC-6:  a. glaberrima,  b. Chinese Agr. Mission, Korhogo,  c. Nov.9,1963,  d. 
Chang,  e. One plant found in the rice field of the Demonstration Farm. 

IC-7: * a. barthii,  b. 82 km N of Boundiali,  c. Nov.10,1963,  d. Chang,  e. A 
population in a small river, ca.60 cm deep. Fertility high. Variation in awn 
color. 
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IC-8: * a. barthii,  b. 10 km N of Korhogo,  c. Nov.11,1963,  d. Chang,  e. A 
population in a swampy field of sativa, growing as a weed. Variation in 
color. The site is surrounded by hills withouttrees. 

IC-9:  a. barthii,  b. 13 km N of Korhogo,  c. Nov.11,1963,  d. Chang,  e. 
Scattered plants in a rainfed paddy of sativa, ca.5 cm deep. Sterile. 
Variation in awn color. 

IC-1O:  a. barthii,  b. Ghodonon (16 km N of Korhogo),  c. Nov.11,1963,  d. 
Chang,  e. A population in a rainfed paddy of sativa, ca.5 cm deep. 
Variation in awn color. 

IC-11: * a. breviligulata and barthii,  b. 40 km NW of Korhogo,  c. Nov.11, 1963,  
d. Chang,  e, A population at the fringe of a river (ca. 60 cm deep), where 
a floating sativa variety is grown, Fertility high. Variation in awn color. 

IC-12:  a. Varieties of sativa and glaberrima,  b. Station Central Exp. Agricole 
(S.C.E.A.), Bouake,  c. Nov.,1963,  d. Chang,  e:- 

  (1) glaberrima, Avie ble. Grown in the central region of Ivory Coast. 
  (2) sativa, Fossa. A local variety. 
  (3) sativa, Gouantzeti. A local variety, in the western region. 
  (4) sativa, Iguape Catedo. A variety from Brazil. 
  (5) sativa, Kugbora. A local variety, in the northern region. 
  (6) sativa, Kpela. A local variety, in the western region. 
  (7) sativa, Makouta. A local variety, in the northern region. 
  (8) sativa, Manihoua. A local variety, in the northern region. 
  (9) sativa, Manitoho. A local variety, in the northern region. 
  (10) sativa, Moroberekan. A local variety. 
  (11) sativa, Pate blanc. A local variety, in the forest zone of western region. 
  (12) sativa, Seguemani. A local variety, in the northern region. 

Upper Volta 

UV-1: * a. barthii and breviligulata,  b. Kamboinse, Ouagadougou, c. 
Nov.15,1963,  d. Chang,  e. A population at the fringe of a water 
reservoir, ca.3 m deep. Many plants of barthii, and scattered plants of 
breviligulata and glaberrima, grow together. This site is dried up in the 
dry season. 

UV-2:  a. glaberrima,  b. Kamboinse, Ouagadougou,  c. Nov.15,1963,  d. Chang,  
e. Scattered plants in the same water reservoir as for UV-1. The plants 
with open panicles grow wild. 
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UV-3:  a. breviligulata,  b. Kamboinse, Ouagadougou,  c. Nov.15,1963,  d. 
Chang,  e. Awned plants in the same water reservoir as for UV-1 and 
UV-2. 

UV-4:  a. glaberrima,  b. Kamboinse, Ouagadougou,  c. Nov.15,1963,  d. Chang,  
e. Plants growing wild in the same water reservoir as for UV-1. 

UV-5:  a. glaberrima,  b-e. Same as for UV-4. Growing wild. 

UV-6:  a. glaberrima,  b. Kamboinse, Ouagadougou,  c. Nov.15,1963,  d. Chang,  
e. Plants growing wild in a canal near the water reservoir for UV-1-5. 

UV-7:  a. breviligulata,  b. Kamboinse, Ouagadougou,  c. Nov.15,1963,  d. 
Chang,  e. Plants in the same canal as for UV-6. 

Niger 

NG-1: * a. Hybrid swarm between glaberrima and breviligulata, and sativa and 
barthii.  b. Kolo (30 km SE of Niamey),  c. Nov. 19, 1963,  d. Oka and 
Chang,  e. Deep-water paddy (ca.50 cm deep), broadcasted in August. 
Various types are found. Most of them are of floating habit. 

NG-2: * a. Mixture of sativa, glaberrima and breviligulata.  b. Koutoukale (60 km 
NW of Niamey),  c. Nov.20,1963,  d. Oka and Chang,  e. Deep-water 
paddy beside the Niger River, ca.50 cm deep. An embankment is made for 
irrigating the field. Different types grow together. Some are partly sterile. 

NG-3:  a. glaberrima, Mala,  b. Koutoukale,  c. Nov.20,1963,  d. 0ka and 
Chang,  e. A floating variety with black grains, found, in the same field 
as NG-2. 

NG-4:  a. sativa, De Gaule,  b-d. Same as above,  e. A non-floating variety, 
selected by the station. From the same field as NG-2. 

NG-5:  a-d. Same as above.  e. A non-selected or local strain of the same variety 
as above. 

NG-6:  a. glaberrima, Danbaila, b-d. Same as above.  e. A floating variety, found 
from the same field as NG-2. 
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Dahomey 

DH-1: * a. barthii,  b. Oueda (25 km N of Porto-Novo), Near the Chinese Agr. 
Mission,  c. Nov.21,1963,  d. Oka and Chang,  e. A big population at the 
fringe of the Oueme River, ca.2 m deep. The site is dried up in the dry 
season, and maize is grown in its part. Most plants were sterile. Variation 
in awn color. 

DH-2: * a. barthii,  b. Adjehon (35 km N of Porto-Nove),  c. Nov.23,1963,  d. Oka 
and Chang,  e. A population on the terrace of the Oueme River, to be 
inundated in July-August. Most plants were sterile New plants sprout out 
from the nodes of stems creeping on the ground. 

Nigeria 

NR-1:  a. punctata,  b. Between Lagos and Ikorodu (25 km from Lagos),  c. 
Nov.26,1963,  d. Oka and Chang,  e. A population in a roadside swamp, 
ca.30 cm deep. Sandy soil. Partly shaded by trees. 

NR-2:  a. punctata,  b. Moor plantation, Ibadan,  c. Nov.27,1963,  d. Oka and 
Chang,  e. Scattered plants in a stream running through the campus of 
the Federal Dept. Agr. Res. Half-shaded by trees. 30 cm deep. Sandy soil. 
No rhizomes were found, but new plants sprout from the stems. 

NR-3:  a. sativa,  b. Moor plantation, Ibadan,  c. Nov.27,1963,  d. Oka and 
Chang,  e. A few scattered plants, growing wild, found in the stream for 
NR-2. 

NR-4: * a. Mixture of sativa and glaberrima,  b. ca.20 km E of Badeggi,  c. 
Nov.29,1963,  d. Oka and Chang,  e. Rainfed paddy, transplanted. 
Different types of sativa (ca.90%) and glaberrima (ca.10%) are mix-grown. 

NR-5: * a. Mixture of sativa and glaberrima,  b. ca.25 km E of Badeggi,  c. 
Nov.29,1963,  d. Oka and Chang,  e. Rainfed paddy, transplanted. Clay 
loam. Different types grow together. A few plants of glaberrima were 
found. 

NR-6:  a. barthii,  b. Katsina (ca.40 km E of Badeggi),  c. Nov.29,1963,  d. Oka 
and Chang,  e. Scattered plants in an irrigated rice field, ca.20 cm deep, 
put in fallow. Sterile. Awn red. 
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NR-7:  a. sativa,  b. Katsina (ca.40 km E of Badeggi),  c. Nov.29,1963,  d. Oka 
and Chang,  e. Grown in an Irrigated rice field, transplanted. 

NR-8:  a. breviligulata,  b. Yo (western side of Lake Tchad), Maiduguri,  c. 
Nov.,1963,  d. Mr. J.A.F.M.Sluyters,  e. A population occurring in a 
swamp, more than 1 m deep. Local people harvest grains from such 
populations. 

NR-9:  a. barthii,  b. Exp. field of Federal Rice Res. Station, Badeggi,  c. 
Nov.30,1963,  d.Oka and Chang,  e. Scattered plants growing at the 
edge of a field. Sterile. 

NR-10:  a. glaberrima varieties,  b. Federal Rice Res. Station, Badeggi, Northern 
Nigeria,  c. Nov.30,1963,  d. Chang,  e:(variety name): 

  (1) Albarka kwambe, (2) Banande A-9, 
  (3) Babban fari, (4) Babarashi, 
  (5) Blanc, (6) Bodiam II, 
  (7) Bodiam I, (8) Bolosseri kouna, 
  (9) Dan mai zynacim, (10) Djenneo boleo, 
  (11) Farin karukra, (12) Jatari, 
  (13) Kana olel, (14) Kana oudeo, 
  (15) Kanshu, (16) Kuntu Al, 
  (17) Massaka malo, (18) Mogo, 
  (19) Nupe rice, (20) "red", 
  (21) Seguare, (22) Semo, 
  (23) Siboleon koua, (24) Simo baleo, 
  (25) Simo gabesai koibang, (26) Tankou-17, 
  (27) Taytare D9, (28) Tioly, 
  (29) Tioukirival, (30) "stapfii" 

NR-11: * a. barthii,  b. Badeggi (near the entrance of the exp. field of Federal Rice 
Res. Station),  c. Dec.1,1963,  d. Oka and Chang,  e. A big population in 
road-side swamp, 0.5-1 m deep. Fertility high. Awn white. 

NR-12:  a. barthii,  b. Badeggi (the same place as NR-11),  c. Dec.1, 1963,  d. 
Oka and Chang,  e. Clusters of plants in a rice field. Most plants were 
sterile (5% - 20% seed fertility). 

NR-13:  a. sativa, Agbede,  b. Federal Rice Res. Station, Badeggi,  c. Dec.2,1963,  
d.Oka,  e. An upland variety, long grain type. 

NR-14:  a. sativa, Agbede,  b-d. Same as above,  e. An upland variety, short grain 
type. 
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NR-15:  a. sativa, BG-79,  b-d. Same as above,  e. A representative lowland 
variety in Northern Nigeria, often used as the control of experiments. 
Introduced from British Guiana. 

NR-16:  a. barthii,  b. Kaduna River, near Bida,  c. Dec.4,1963,  d. Oka and 
Chang,  e. A big population in the swamp, 0.5-1 m deep, along the river. 
Sterile. 

Cameroun 

CA-1: * a. sativa, Makor,  b. Nanga Eboko (168 km SE of Yaounde),  c. 
Dec.11,1963,  d. Oka and Chang,  e. Rainfed paddy, surrounded by 
forests, but dry at that time. Broadcasted. Sandy soil. This variety is said 
to be local. 

CA-2: * a. sativa,  b. Nanga Eboko,  c. Dec.11,1963,  d. Oka and Chang.  e. 
Rainfed paddy in a valley. Clay loam. Badly damaged by birds. 

CA-3:  a. sativa,  b. Kaele (Between Garoua and Yagoua),  c. Dec.13, 1963,  d. 
Oka and Chang,  e. Upland field, harvested two months before. Seeds 
were picked up from the ground. A few grains of glaberrima were found 
together. 

CA-4:  a. breviligulata,  b. ca.2 km N of Yagoua,  c. Dec.13,1963,  d. Oka and 
Chang,  e. A shallow hollow in dry savanna. The plants already died, but 
seeds were found from the ground. Silted clay, dried and hardened. 

CA-5:  a. breviligulata,  b. ca.2 km N of Yagoua,  c. Dec.13,1963,  d. Oka and 
Chang,  e. A population in a ditch along a rice field, already dried up. 
Seeds were picked up from the ground. Seeds of barthii were found 
together. 

CA-6:  a. glaberrima,  b. ca.2 km N of Yagoua,  c. Dec.13,1963,  d. Oka and 
Chang,  e. Scattered plants in an irrigated paddy field, already 
harvested, where sativa is grown. The land was dry and all remaining 
plants were dead. 

CA-7:  a. breviligulata,  b. ca.2 km N of Yagoua,  c. Dec.13,1963,  d. Oka and 
Chang,  e. A population in a shallow hollow, already dried up. Seeds were 
picked up from the ground. Silted clay. 
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CA-8:  a. sativa, Maroua,  b. ca.2 km N of Yagoua,  c. Dec.13,1963,  d. Oka and 
Chang,  e. Harvested grains, packed and being measured at the rice 
market. The main variety is "Maroua", but seeds of glaberrima and wild 
species are found. 

CA-9:  a. sativa, Maroua,  b. SEMRY, Yagoua,  c. Dec.13,1963,  d. Oka and 
Chang,  e. A representative variety grown in irrigated paddies. 
Introduced from British Guiana some 20 years ago. 

CA-10:  a. sativa, Dissi,  b. Station Rizicole (closed), Yagoua,  c. Dec.13,1963,  d. 
Oka and Chang. 

CA-11:  a. sativa, Piongion,  b-d. Same as above,  e. From Indochine. 

CA-12:  a. barthii,  b. ca.3 km N of Yagoua,  c. Dec.13,1963,  d. Oka and Change  
e. Plants on a river terrace which is submerged in the rainy season. 

CA-13:  a. sativa, Maroua,  b. Station Rizicole (closed), Yagoua,  c. Dec.13,1963,  
d. Oka and Chang. 

CA-14:  a. glaberrima, Ndengko Noakourouda,  b. Station Rizicole (closed), 
Yagoua,  c. Dec.13,1963,  d. Oka and Chang,  e. Awned type. 

CA-15:  a-e. Same as CA-14. 

CA-16:  a-d. Same as CA-14.  e. Awnless type. 

CA-17:  a-e. Same as CA-16. 

CA-18:  a. sativa, Neang veng,  b. Station Rizicole (closed), Yagoua, c. 
Dec.14,1963,  d. Oka and Chang,  e. From Indochine. 

CA-19:  a. barthii,  b. ca.10 km N of Yagoua,  c. Dec.14,1963,  d. Oka and Chang,  
e. A few scattered plants found in an irrigated paddy, already dried up. 
Sterile. 

CA-20:  a. barthii,  b. ca.30 km N of Yagoua,  c. Dec.14,1963,  d. Oka and Chang.  
e. A population in a road-side swamp, already dried. Sterile (?). 

CA-21:  a. glaberrima,  b. ca.30 km N of Yagoua,  c. Dec.14,1963, d. Oka and 
Chang,  e. An awned type, found in a rice field of sativa. 
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Tchad 

TC-1:  a. breviligulata,  b. ca.20 km E of Fort-Lamy,  c. Dec.27, 1963.  d. Oka,  
e. A population in dry savanna, the water depth being about 20 cm in the 
rainy season. Silted clay. Seeds were picked up from the ground. There 
are big populations, but rain was so small this year that most plants died 
before maturity. 

TC-2:  a. breviligulata,  b. Market of Fort-Lamy,  c. Dec.27,1963,  d. Oka,  e. 
Partly dehulled and polished grains sold in the market. Price 80F/kg. 
Collected by local people from Ati, near Lac Fitri. Seeds of an unknown 
species of Oryza are found mixing. 

 
*     *     *     * 

 
This report is submitted to: 

The International Rice Research Institute, Philippines, 
The Institute of Botany, Academia Sinica, Taiwan, 

Republic of China, and 
The National Institute of Genetics, Japan. 
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I. Introduction 

From March to May, 1963, the writer has been sent to North Borneo, Brunei, 
Sarawak and Indonesia for collecting wild and cultivated rice under the project 
"Genetic and cytological studies of wild and cultivated rice species" supported by a 
Grant(RF 62027) from the Rockefeller Foundation. He left Japan on March 16 and 
stayed in North Borneo for 14 days. Then he proceeded to Brunei for 9 days, Sarawak 
for 14 days and Indonesia for 21 days. He returned to Japan on May 23, after visiting 
Singapore and the Philippines. 

During this trip, five wild and one cultivated species including 109 strains have 
been collected. 

The writer wishes to express his hearty thanks to Dr. H. Kihara, Director of the 
National Institute of Genetics for his guidance and to other Institute members for their 
many kind helps. He is most grateful to the Director of the Department of Agriculture 
in Jesselton, Mr. K. G. Malet in Jesselton, Mr. M. A. Logan in Keningau, Mr. A. D. 
Hamidoon in Brunei, Dr. J. R. Dunsmore in Kuching, Mr. A. White in Simanggang, Dr. 
A. G. Alphonso in Singapore, Drs. H. Siregar, N. Wirawan, M. Sundaru in Bogor, Mr. 
Noorsjamsi in Bandjarmasin and many other members of various Departments of 
Agriculture and Institutes who all helped him to accomplish his task. Further, thanks 
are due to the members of the Japanese Embassies in Djakarta and Surabaja for their 
generous helps and many kindnesses during his stay in Indonesia. 
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II. Distribution and habitats of wild Oryza species 

1. North Borneo 

i) Oryza officinalis Wall. 

Specimens collected by the writer have the following characteristics; plant 
perennial, clearly rhizomatous, vigorously growing, 70 to 135cm long; leaf color light 
green, leaf blades linearly lanceolate 14 to 29cm long, 0.8 to 1.2cm wide, ligule 3mm 
long. Panicles well exserted, 16 to 24cm long with 5 to 9 primary branches, spreading 
at maturity. Spikelets easily shedding, 4.1 to 6.1mm long, 2.1 to 2.7mm wide, 0.9 to 
1.4mm thick, awn 0 to 16.8mm long. Glume surface with distinct crosswise 
intersection rows of small tubercles and distinct bristles along the keel and ribs. 
Empty glumes always considerably shorter than the flowering ones and almost smooth, 
1.3 to 1.5mm long. Grains brownish yellow. 

Oryza officinalis Wall. found in the following districts: Bandau (West Coast 
Residency), Malalap (Interior Residency) and Keningau (Interior Residency). 

The plants of O. officinalis found in Bandau were growing on road side, in 
swamps and in a slowly running small stream; they were not shaded or sometimes 
shaded by Nipa palm or other trees. In Bandau-Langkon Track, they were growing in a 
swamp about 1 to 1.5m deep. The swamp was separated from the nearest paddy field. 
The plants were growing at a distance of 10 to 300m from each other. Their height 
depended upon the depth of the water, i.e., plants growing near the embankment or 
railway track were shorter than those growing in the middle of a stream or a swamp. 
They are called by the natives "Padi Hutan" or "Padi Babi", meaning "wild rice" or "pig 
rice", respectively. 

In the case of Malalap and Keningau, conditions of the natural habitat seem to be 
almost the same as in Bandau, except for the shade cast mainly by rubber trees and 
other tall trees. It was difficult to find the plants especially in Keningau, because often 
buffalos prefer to feed on them than on other grasses. 

ii) Oryza meyeriana subsp. meyeriana Tateoka 

Specimens of the species collected by the writer have the following 
characteristics; plant perennial, rhizomatous, 50 to 98cm long, leaf color dark green, 
leaf blades linear 17 to 21cm long, 0.7 to 2.5cm wide, ligule 1.5 to 2.8mm long. Panicles 
6 to 11cm long, branches very few and not spreading even at maturity. Spikelets very 
easily shedding and 8.5 to 9.3mm long, 2.2 to 2.9mm wide, 1.5 to 2.1mm thick, awnless. 
Glume surface has rectangularly arranged tubercles, each composed of several small 
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tuberculets. Empty glume always considerably shorter than the flowering one, 1.3 to 
1.5mm long and smooth. Grain light brown. 

The plants were found only in Bunsit 9 miles from Keningau (Interior Residency). 
The plants were half-shaded by bamboo and Dipterocarpus, and growing on dry poor 
soil and on top of a cliff. In the vicinity a stream, 10m wide with fairly clear water, was 
found. The population was very small on an area of 1m × 20m. The plants were growing 
at the distance of about 1m from each other. It was very difficult to find mature grains, 
because they are easily shedding. They have no local name. 

iii) Off-type plants of Oryza sativa L. 

Many off-type plants of this species were found in Donggongan and Penampong 
near Jesselton (West Coast Residency). They were growing in small ditches, adjacent 
to a rice field separated by an embankment, half-shaded by tall trees and about 30cm 
deep and 1.5m wide. The panicles were not drooping even at maturity. The plants are 
called by the natives like O. officinalis "Padi Hutan", meaning "wild rice". 

2. Brunei 

i) Oryza officinalis Wall. 

Specimens of the species collected by the writer have the following 
characteristics; plant perennial, 50 to 180cm long, leaf blades 28 to 35cm long, 1.0 to 
1.6cm wide, ligule 2.5 to 3.1mm long. Panicles 18 to 31cm long, with 7 to 12 primary 
branches. Spikelets 4.2 to 6.5mm long, 2.0 to 2.6mm wide, 1.2 to 1.4mm thick, awn 0 to 
15.6mm long. Empty glumes 1.0 to 1.2mm long. Other characters were like those of 
plants collected in North Borneo. 

O. officinalis Wall. found in two districts, i.e., Lemunin (Tutong District) and Labi 
(Belait District). 

The plants of O. officinalis found in Lemunin were growing in paddy fields, in 
slowly running streams, in waste land and under native houses. They grow on open not 
shaded land, except those found under a house. In the paddy field, only 20 plants were 
found on 1 acre. Leersia hexandra Swartz and/or a Hygroryza species, which are 
closely related to Oryza, were frequently found together on waste land. At maturity, 
the panicles of O. officinalis are inclined at a 20° angle. The plants growing under the 
houses are short and have relatively small grains in comparison with those growing on 
open land. The plants are called by the natives "Padi-Padi Yang", meaning "ricelike". It 
is very interesting to note that the base and lower part of culms are cut off and their 
diffusates are used for curing malaria. 
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In Labi, the largest Borneo population was found. The plants, in this district, 
were growing near a paddy field in the distance of about one mile. 

3. Sarawak 

i) Oryza officinalis Wall. 

Specimens of the Sarawak species have the following characteristics; plant 43 to 
140cm long, leaf blades 20 to 30cm long, 1.3 to 1.7cm wide, ligule 1.5 to 2.3mm long. 
Panicles 20 to 26cm long, with 7 to 11 primary branches. Spikelets 4.5 to 7.0mm long, 
2.0 to 2.6mm wide, 1.1 to 1.4mm thick, awn 0 to 17.4mm long. Empty glumes 0.8 to 
1.2mm long. 

The plants were found in four districts, i.e., Serian (1st Division), Simanggang 
(2nd Division), Miri (4th Division) and Limbang (5th Division). 

The plants found in Serian, Miri and Limbang were growing in small road-side 
ditches. Some were shaded by tall trees and others were not shaded growing together 
with a Miscanthus species. In Limbang the population was found near a paddy field. 
On the contrary, the plants found in Simanggang were growing in the garden of a 
"Kampong" house on wet humus. Widest variability was found in Simanggang from the 
view point of morphological characters, especially plant height. 

Natives call it "Padi Pipit", meaning "sparrow rice". 

One specimen of O. officinalis was collected in Miri (4th Division) by Mr. Tremeer, 
Agricultural Officer. 

ii) Oryza ridleyi Hook. 

Specimens collected have the following characteristics; plant perennial, 
rhizomatous, vigorously growing, 90 to 150cm long, leaf color dark green, leaf blades 
linearly lanceolate 38 to 43cm long, 1.0 to 1.5cm wide, ligule 2.5 to 5.5mm long. 
Panicles exserted and 17.5 to 25.0cm long having 5 to 10 primary branches, only 
somewhat spreading at maturity. Spikelets easily shedding, 9.2 to ll.2mm long, 2.1 to 
2.8mm wide, 1.1 to 1.4mm thick, awn 5.1 to 10.1mm long. Glume surface having 
minute longitudinal, smooth stripes. Empty glumes 5.9 to 6.2mm long, almost smooth. 
Grain brown. 

The plants were found only in the forest along Kupong Road 4 miles south from 
Limbarg (5th Division). The plants were heavily shaded by tall trees, and growing in 
very wet humus soil. The population consisted on an area of 10m × 10m of about 20 
plants. The forest was adjacent to a paddy field. 
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4. Kalimantan (South Borneo) 

i) Oryza officinalis Wall. 

Specimens collected have the following characteristics; plant 170cm long, leaf 
blades 20 to 30cm long, 1.3 to 1.5cm wide, ligule 2mm long. Panicles 23 to 25cm long, 
11 primary branohes. Spikelets 5.6 to 6.8mm long, 2.1 to 2.7mm wide, 1.0 to 1.3mm 
thick, awn 5.3 to 15.0mm long. Empty glume 1.0mm long. 

Only 5 plants were found in Mandilmanarap, which were growing in an open 
small canal on muddy soil. They were growing in vicinity of a paddy field, which was 
established in 1958. The plants were called "Padi Kujang". 

ii) Oryza perennis Moench 

Specimens collected have the following characteristics; plant perennial, about 
250cm long, leaf blades 75 to 93cm long, 1.5cm wide, ligule 15 to 18mm long. Panicle 
50cm long, widely spreading at maturity. Spikelet easily shedding, 8mm long, up to 
2.5mm wide, awn 30 to 70mm long. Glume surface with distinct crosswide intersection 
rows of small tubercles. Empty glumes 2.5mm long and almost smooth. Grain dark 
brown. 

Ten plants were found only in Handilmanarap. They had creeping growth in a 
canal, which was about 1m deep. It was adjacent to a rice field separated by an 
embankment. Leersia hexandra Swartz was frequently found in this district. The local 
name is "Padi Hijang", 

iii) Oryza sativa var. spontanea Roschev. 

Specimens have the following characteristics; plant 150cm long, leaf blades 50 to 
75cm long, 1.5cm wide, ligule 13mm long. Panicles 45cm long. Spikelets 7.1 to 8.7mm 
long, 1.8 to 2.3mm wide, 1.4mm thick, awn 25.9 to 74.6mm long. Empty glumes 2mm 
long. 

Populations of the species were found in three districts, i.e., Bandjarmasin Town, 
swamps of Bandjarmasin and Belandeau. In Bandjarmasin, several plants were found 
on wet waste land near native houses and in a small open swamp. The plants were 
growing at a distance of 100m from each other. It was very difficult to collect the grains, 
because they were eaten by birds. The local name is "Padi Djuluk". 
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5. Java 

i) Oryza officinalis Wall. 

Specimens have the following characteristics; plant 160cm long, leaf blades 30cm 
long, 1.5cm wide, ligule 2mm long. Panicle 25cm long. Spikelets 5.4 to 6.2mm long, 2.1 
to 2.4mm wide, 1.2 to 1.4mm thick, awn 5.7 to 25.1mm long. Empty glume 1.0mm long. 

One plant was originally collected by Dr. N. Wirawan, Herbarium Bogoriense, 
Bogor, in Tamanjiaya, West Java. The specimen labelled Oryza sp. was identified by 
the author with Oryza officinalis Wall. 

ii) Oryza perennis Moench 

The specimen had the following characteristics; plant 230cm long, leaf blades 
70cm long, 1.5cm wide, ligule 16mm long. Panicle 50cm long. Spikelets 8.3 to 9.3mm 
long, 2.2 to 2.4mm wide, 1.0 to 1.4mm thick, awn 3.6 to 36.3mm long. Empty glume 
3mm long. Grain dark brown. 

The plant was originally collected by some botanist in West Java. The locality 
was not clearly defined. 

iii) Oryza sativa var. spontanea Roschev. 

Specimen has the following characteristics; plant 130cm long, leaf blades 50 to 
80cm long, 1.5cm wide, ligule 15mm long. Panicle 40cm long. Spikelets 8.0 to 9.7mm 
long, 1.9 to 2.3mm wide, 1.0 to 1.4mm thick, awn 8.9 to 68.1mm long. Empty glume 
2mm long. 

The plants were found in three districts, i.e., Depok, Bidaratjina and West Java. 
Those of the last locality were originally collected by some botanist in West Java. No 
clear data. Those of the former two were found in a small pond with clay bottom. Only 
one plant was found in each district. 

It became gradually difficult to collect wild rice ln Java, because many places, 
where previously occurrence of wild rice was recorded, for example, Bidara Tjina, 
Djarpang, were transformed into paddy fields or used for buildings. 
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III. Some morphological characters of grains of wild and cultivated rice collected 

Forty strains of wild rice and 63 strains of cultivated rice were used for 
morphological investigations. The results are given in Table 1 for wild and in Table 2 
for cultivated rice. 

Table 1. Some morphological characters of grains of wild species 
Strain 

No. 
Length 
(mm) 

  Width 
(mm) 

  Thickness 
(mm) 

  Awm 
(mm) 

  No. of 
grains 
tested 

W1249 4.96  ± 0.23   2.29  ± 0.13   1.21  ± 0.06   7.85  ± 2.32   30 

W1250 4.83  ± 0.27   2.29  ± 0.13   1.14  ± 0.17   6.05  ± 1.24   30 

W1251 4.47  ± 0.26   2.21  ± 0.11   1.20  ± 0.07   1.65  ± 2.53   30 

W1252 4.87  ± 0.16   2.35  ± 0.69   1.19  ± 0.14   9.05  ± 2.71   30 

W1253 4.78  ± 0.25   1.80  ± 0.39    -   4.83  ± 4.31   4 

W1254 4.93  ± 0.42   2.34  ± 0.11   1.16  ± 0.14   4.10  ± 5.54   30 

W1255 4.94  ± 0.34   2.14  ± 0.15   1.01  ± 0.13   0.15  ± 0.65   19 

W1256 5.54  ± 0.24   2.45  ± 0.10   0.99  ± 0.24   3.00  ± 3.99   30 

W1257 5.60  ± 0.37   2.46  ± 0.12   0.99  ± 0.27   2.40  ± 3.56   30 

W1258 5.23  ± 0.27   2.40  ± 0.10   0.85  ± 0.19   2.60  ± 4.42   30 

W1259 5.62  ± 0.23   2.38  ± 0.79   1.19  ± 0.24   3.40  ± 5.08   30 

W1260 5.86  ± 0.40   2.47  ± 0.12   1.19  ± 0.27   4.51  ± 5.00   30 

W1261 5.60  ± 0.32   2.48  ± 0.10   1.01  ± 0.26   1.29  ± 2.33   30 

W1262 5.55  ± 0.22   2.30  ± 0.14   1.00  ± 0.10   5.97  ± 3.30   30 

W1263 5.69  ± 0.30   2.40  ± 0.09   1.33  ± 0.05   6.19  ± 1.79   30 

W1265 8.81  ± 0.28   2.57  ± 0.17   1.90  ± 0.15    -   30 

W1266 5.47  ± 0.41   2.50  ± 0.08   1.10  ± 0.08    -   3 

W1267 5.28  ± 0.49   2.51  ± 0.18   1.22  ± 0.18   4.31  ± 3.67   30 

W1268 4.91  ± 0.25   2.41  ± 0.04   1.40  ± 0.13   3.74  ± 3.12   15 

W1269 5.54  ± 0.65   2.36  ± 0.11   1.29  ± 0.11   8.65  ± 2.30   30 

W1270 5.98  ± 0.32   2.48  ± 0.07   1.38  ± 0.04   7.46  ± 1.82   30 

W1271 5.26  ± 0.28   2.21  ± 0.12   1.23  ± 0.10   2.72  ± 4.13   30 

W1272 5.71  ± 0.31   2.45  ± 0.08   1.24  ± 0.15   4.97  ± 4.55   30 

W1273 5.87  ± 0.34   2.43  ± 0.07   1.28  ± 0.06   8.09  ± 3.16   30 

W1274 5.94  ± 0.40   2.44  ± 0.08   1.36  ± 0.11   7.85  ± 3.35   30 

W1275 5.74  ± 0.26   2.29  ± 0.10   1.29  ± 0.10   8.73  ± 3.12   30 

W1276 5.67  ± 0.30   2.28  ± 0.09   1.27  ± 0.07   7.46  ± 4.01   30 

W1277 5.28  ± 0.40   2.31  ± 0.09   1.26  ± 0.03   3.05  ± 4.01   14 

W1278 5.13  ± 0.33   2.34  ± 0.09   1.23  ± 0.12   6.80  ± 1.91   30 

W1279 10.87  ± 0.47   2.53  ± 0.16   1.28  ± 0.08   7.30  ± 1.35   30 

W1280 5.85  ± 0.22   2.47  ± 0.09   1.37  ± 0.06   9.40  ± 1.92   30 
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W1281 6.07  ± 0.49   2.30  ± 0.10   1.23  ± 0.05   4.09  ± 4.79   30 

W1282 5.88  ± 0.61   2.27  ± 0.12   1.27  ± 0.08   8.70  ± 2.96   30 

W1283 6.28  ± 0.40   2.19  ± 0.12   0.81  ± 0.11   12.56  ± 3.07   30 

W1284 5.48  ± 0.40   2.23  ± 0.14   0.90  ± 0.09   5.05  ± 4..20  28 

W1285 8.70  ± 0.36   2.08  ± 0.15   1.19  ± 0.23   40.84  ± 21.54   30 

W1288 8.80  ± 0.30   2.31  ± 0.07   1.18  ± 0.11   16.69  ± 12.59   20 

W1289 5.64  ± 0.24   2.30  ± 0.11   1.36  ± 0.07   15.74  ± 7.00   30 

W1291 6.02  ± 0.50   2.48  ± 0.11   1.22  ± 0.07   8.73  ± 4.08   30 

W1293 8.14  ± 0.40    2.14  ± 0.13    1.30  ± 0.08    51.94  ± 15.51    30 
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Table 2. Some morphological characters of grains of cultivated rice 
Strain 

No. 
Length 
(mm) 

  Width 
(mm) 

  Thickness 
(mm) 

  Awm No. of 
grains 
tested 

C8454 7.44  ± 0.54   3.15  ± 0.25   2.06  ± 0.17   - 30 

C8455 7.87  ± 0.46   2.88  ± 0.17   1.98  ± 0.10   - 30 

C8456 10.43  ± 0.49   2.79  ± 0.05   1.89  ± 0.26   - 30 

C8457 7.12  ± 0.31   2.65  ± 0.27   1.17  ± 0.35   - 30 

C8458 9.48  ± 0.96   3.00  ± 0.12   1.50  ± 0.40   - 30 

C8459 9.83  ± 0.44   2.80  ± 0.15   1.34  ± 0.41   - 30 

C8460 8.10  ± 0.33   2.62  ± 0.14   1.81  ± 0.11   - 30 

C8461 8.07  ± 0.28   2.67  ± 0.11   1.78  ± 0.11   - 30 

C8462 9.33  ± 0.62   2.88  ± 0.63   1.98  ± 0.10   + 30 

C8463 9.55  ± 0.52   3.03  ± 0.11   2.06  ± 0.20   - 30 

C8464 7.74  ± 0.49   3.45  ± 0.14   2.04  ± 0.17   - 30 

C8465 10.32  ± 0.34   2.81  ± 0.09   1.39  ± 0.12   - 30 

C8466 10.72  ± 0.53   3.00  ± 0.13   1.60  ± 0.22   - 30 

C8467 7.78  ± 0.35   3.47  ± 0.77   1.83  ± 0.18   - 30 

C8468 10.28  ± 0.58   3.01  ± 0.14   1.95  ± 0.23   - 30 

C8469 8.83  ± 0.37   2.89  ± 0.13    -   - 30 

C8470 7.27  ± 0.70   2.32  ± 0.29   1.68  ± 0.12   + 30 

C8471 9.21  ± 0.52   3.18  ± 0.14   1.99  ± 0.19   + 30 

C8472 8.48  ± 0.45   2.97  ± 0.18   2.04  ± 0.15   - 15 

C8473 8.60  ± 0.64   2.89  ± 0.22   1.44  ± 0.29   + 22 

C8474 8.64  ± 0.31   2.97  ± 0.21   0.88  ± 0.26   - 30 

C8475 9.15  ± 0.62   3.40  ± 0.11   2.05  ± 0.11   - 30 

C8476 8.74  ± 0.35   2.77  ± 0.12   1.90  ± 0.10   - 30 

C8477 9.35  ± 0.37   2.60  ± 0.11   1.90  ± 0.07   - 30 

C8478 8.25  ± 0.34   3.61  ± 0.14   2.09  ± 0.09   - 30 

C8479 8.87  ± 0.41   2.78  ± 0.13   1.97  ± 0.09   - 30 

C8480 7.76  ± 0.33   3.38  ± 0.16   1.94  ± 0.11   - 30 

C8481 9.58  ± 0.42   3.34  ± 0.11   1.95  ± 0.13   - 30 

C8482 9.87  ± 0.56   2.62  ± 0.20   1.90  ± 0.07   - 30 

C8483 7.79  ± 0.25   3.40  ± 0.10   1.93  ± 0.11   - 30 

C8484 7.66  ± 0.47   2.56  ± 0.14   1.82  ± 0.08   - 30 

C8485 9.15  ± 0.43   2.58  ± 0.12   1.97  ± 0.06   - 30 

C8486 8.40  ± 0.41   2.95  ± 0.07   1.95  ± 0.10   - 30 

C8487 9.40  ± 0.73   2.75  ± 0.09   1.99  ± 0.08   - 30 

C8488 8.15  ± 0.52   2.85  ± 0.12   1.88  ± 0.08   - 30 

C8489 8.11  ± 0.32   3.44  ± 0.17   1.99  ± 0.73   - 30 

C8490 7.95  ± 0.36   2.77  ± 0.11   1.94  ± 0.10   - 30 



 

 
- 222 - 

C8491 7.94  ± 0.43   3.58  ± 0.13   1.82  ± 0.22   - 30 

C8492 7.53  ± 0.39   2.68  ± 0.39   1.76  ± 0.07   - 30 

C8493 9.81  ± 0.40   2.54  ± 0.10   1.85  ± 0.07   - 30 

C8494 9.47  ± 0.57   3.16  ± 0.17   2.00  ± 0.07   - 30 

C8495 8.64  ± 0.33   2.46  ± 0.12   1.83  ± 0.08   - 30 

C8496 8.90  ± 0.46   3.65  ± 0.17   2.08  ± 0.07   - 30 

C8497 9.36  ± 0.42   2.66  ± 0.16   1.97  ± 0.15   - 30 

C8498 9.71  ± 0.51   3.06  ± 0.81   1.98  ± 0.81   - 30 

C8499 9.51  ± 0.37   2.82  ± 0.17   1.99  ± 0.20   - 30 

C8500 8.08  ± 0.29   3.52  ± 0.22   2.03  ± 0.13   - 30 

C8501 8.32  ± 0.43   2.96  ± 0.11   2.01  ± 0.06   - 30 

C8502 9.03  ± 0.46   2.39  ± 0.12   1.84  ± 0.78   - 30 

C8503 9.66  ± 0.40   3.08  ± 0.20   1.93  ± 0.78   - 30 

C8504 9.08  ± 0.62   2.67  ± 0.13   1.80  ± 0.78   - 30 

C8505 8.81  ± 0.32   2.82  ± 0.14   1.97  ± 0.07   - 30 

C8506 9.68  ± 0.48   3.00  ± 0.12   1.88  ± 0.20   - 30 

C8507 8.33  ± 0.43   2.91  ± 0.14   1.91  ± 0.17   - 30 

C8508 8.92  ± 0.38   2.96  ± 0.85   1.94  ± 0.06   - 30 

C8509 8.22  ± 0.31   3.45  ± 0.11   2.00  ± 0.07   - 30 

C8510 7.87  ± 0.29   2.98  ± 0.20   1.94  ± 0.10   - 30 

C8511 8.61  ± 0.36   2.49  ± 0.09   1.72  ± 0.09   - 30 

C8512 8.02  ± 0.56   2.98  ± 0.15   1.97  ± 0.06   - 30 

C8513 8.72  ± 0.65   2.69  ± 0.18   1.96  ± 0.10   - 30 

C8514 9.10  ± 0.46   2.84  ± 0.20   2.03  ± 0.13   + 30 

C8515 7.07  ± 0.37   2.89  ± 0.07   1.67  ± 0.05   - 30 

C8516 7.99  ± 0.29    2.67  ± 0.15    1.68  ± 0.10    - 30 
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IV. List of seeds and specimens collected 

1) Wild species 

NIG No. Collected 
No. 

Species Date Place Habitat 

W1248 W1 O. officinalis Mar. 23, '63 Bandau, North 
Borneo 

Road-side ditch, several hundred m 
apart from nearest paddy field, 
half-shaded by tall trees. Only one 
plant was found. (Specimen, S201) 

W1249 W2 " Mar. 24, '63 Bandau, North 
Borneo 

Road-side small ditch about 1m 
deep. (Specimens, S202, S203 and 
S204) 

W1250 W3 " " " Same habitat as above. 100m 
distant from the above specimens. 
Native name "Padi Babi", meaning 
"pig rice". 

W1251 W4 " " Bandau-Langkon 
Track, North 
Borneo 

2 miles from Bandau. Open swamp 
about 1m deep. Growing 10m from 
each other. 

W1252 W5 " " " 3 miles from Bandau. Track side. 
Heavily shaded by trees, Nipa palm 
and others. 

W1253 W6 " " " 4 miles from Bandau. Plants 
growing at a distance 20-30m from 
each other in mud, shaded by trees. 

W1254 W7 " " " 4.5 miles from Bandau. Track-side 
swamp about 2m deep, heavily 
shaded by trees. 

W1255 W8 " " Langkon, North 
Borneo 

Road-side swamp, shaded by 
rubber trees. 

W1256 W9 " Mar. 28, '63 Malalap, North 
Borneo 

Road-side ditch, from Tenom to 
Malalap. 1.5 miles from Malalap. 
Half-shaded by rubber trees. 

W1257 W10 " " " Rubber forest. Plants growing at a 
distance of 100m from each other. 

W1258 W11 " " " Similar to the above. 

W1259 W12 " " " Railway track, open swamp, about 
1m deep. (Specimens, S205 and 
S206) 

W1260 W13 " " " Similar to the above. 

W1261 W14 " " " Rubber plantation, half-shaded. 2 
miles from W1260. (Specimens, 
S207 and S208) 

W1262 W15 " " " Open swamp near railway track, 2 
miles from W1261. 

W1263 W16 " " " A part of the above population 
adjacent to rice field. 
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W1264 W17 " Mar. 30, '63 Keningau, North 
Borneo 

8 miles west from Keningau. Small 
canal, shaded by trees. Only one 
plant was found. (Specimen, S209) 

W1265 W18 O. meyeriana " Bunsit, North 
Borneo 

Dry waste land near small river. 
Half-shaded by bamboo. Plants 
growing at a distance of 1m from 
each other. Population area only 
1m×20m. (Specimens, S210, S211 
and S212) 

W1266 W19 O. officinalis " Pangi, North 
Borneo 

72 miles from Jesselton, small 
ditch near rail - way track. 

W1267 W20 " Apr. 3, '63 Lemunin, Brunei Paddy field, growing together with 
cultivated (C8510). Only 20 plants 
on 1 acre. Natives called it 
"Padi-Padi Yang". Underground 
parts used for cure of malaria. 
(Specimen, S213) 

W1268 W21 " " " 25 miles from Brunei Town. 
Road-side swamp. (Specimen, 
S214) 

W1269 W22 " " " 27 miles from Brunei Town. Open 
swamp near road. Lalangrass 
growing together. 

W1270 W23 " " " 30 miles from Brunei Town. 
Road-side swamp. 

W1271 W24 " " " Under a native house. 

W1272 W25 " Apr. 4, '63 Labi, Brunei Open waste land. Only 4 plants. 

W1273 W26 " " " Road-side swamp, shaded by tall 
trees. 2m long. 

W1274 W27 " " " Similar to the above, but 1m long. 

W1275 W28 " " " 2 miles from W1274. Irrigation 
canal. Large population near a 
paddy field (C8511). 

W1276 W29 " " " Forest, heavily shaded. Only two 
plants were found. 

W1277 W30 " Apr. 5, '63 " Road-side swamp, 2m long, curly 
awn. Growing in poor soil. 

W1278 W31 " Apr. 10, '63 Limbang, 
Sarawak 

Road-side ditch, 2 miles from 
Limbang. Half-shaded by rubber 
and other trees. 20 plants were 
found. (Specimen, S315) 

W1279 W32 O. ridleyi " " 4 miles south of Limbang. Forest, 
about 100m apart from road, and 
near paddy field. Heavily shaded 
by trees. (Specimens, S217, S218 
and S219) 

W1280 W33 O. officinalis " " 6.5 miles south of Limbang. Open 
waste land near paddy field, 
growing together with a 
Miscanthus species. 

W1281 W34 " Apr. 16, '63 Hillir, 1 mile west of Simanggang. Garden 
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Simanggang, 
Sarawak 

of Kampong house. On wet humus, 
together with weeds other than 
Gramineae. Native called it "Padi 
Pipit", meaning "sparrow rice". 
(Specimen, S220) 

W1282 W35 " Apr. 19, '63 Ulu, Simanggang, 
Sarawak 

5m level above sea. Garden of 
Kampong house. Collected by Mr. 
Tremeer. 

W1283 W36 " - Miri, Sarawak Collected by Mr. Tremeer. 

W1284 W37 " - Serian, Sarawak Similar to the above. 

W1285 W101 O. sativa var. 
spontanea 

May 1, '63 Bogor, Indonesia Pond in the Botanic Gardens of 
Bogor. Originally collected in West 
Java. No clear data. 

W1286 W102 " May 2, '63 Depok, Indonesia Pond in Fishery Experiment 
Station of Depok. Only 1 plant was 
found. 

W1287 W103 " May 3, '63 Bidaratjina, 
Indonesia 

In pond growing together with 
some other Gramineae. Only 1 
plant was found. 

W1288 W104 O. perennis May 4, '63 Bogor, Indonesia Experimental Field of Agrioulture. 

W1289 W105 O. officinalis " " Similar to the above. 

W1290 W106 O. sativa var. 
spontanea 

May 11, '63 Bandjarmasin, 
Indonesia 

Small open swamp. Only 3 plants 
were found. Growing at a distance 
of 100m from each other. Natives 
called it "Padi Djuluk". (Specimen, 
S301) 

W1291 W107 O. officinalis " Handilmanarap, 
Indonesia 

Open canal, muddy soil. Only 5 
plants were found. This district 
was opened to culture in 1958. 
Natives called it "Padi Kujang". 

W1292 W108 O. perennis " " Similar to the above. Creeping in a 
canal. Natives called it "Padi 
Hijang". 

W1293 W109 O. sativa var. 
spontanea 

May 12, '63 Belandeau, 
Indonesia 

Along Sungai Pantai. Open small 
ditch. Plants growing at a distance 
of 50m from each other. 
(Specimens, S302 and S303) 
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2) Cultivated species - O. satiya 

NIG No. Collected 
No. 

Date Place Habitat 

C8454 C1 Mar. 18,'63 Jesselton, North 
Borneo 

Escaped from cultivation, on railway track, 100m 
from the bay. On lime. Off type. 

C8455 C2 Mar. 19,'63 Tuaran, North 
Borneo 

Lowland variety. 

C8456 C3 " Menggatal, North 
Borneo 

Lowland variety. 

C8457 C4 Mar. 20,'63 Telipok, North 
Borneo 

Most popular variety in this district. 

C8458 C5 " Inanam, North 
Borneo 

Similar to the above. 

C8459 C6 Mar. 21,'63 Papar, North 
Borneo 

12 miles from Papar Railway Station. Old strain 
in North Borneo. 

C8460 C7 Mar. 23,'63 Kudat, North 
Borneo 

8 miles from Kudat toward the interior. Lowland 
variety. 10m altitude. 

C8461 C8 " Bandau, North 
Borneo 

Similar to the above. 

C8462 C9 " " 1 mile south of Bandau. Lowland variety. 

C8463 C10 " " Similar to the above. Local name "Padi Belachu". 

C8464 C11 " " Similar to the above. 

C8465 C12 " " Similar to the above. 

C8466 C13 " " Similar to the above. 

C8467 C14 " " Similar to the above. Local name "Padi Kandiga". 

C8468 C15 " " 1 mile south of Bandau. Lowland variety. 

C8469 C16 " " Similar to the above. Local name 
"Padi-Kuningam". 

C8470 C17 Mar. 24,'63 " 1 mile north of Bandau. Lowland variety. Smell 
grains. 

C8471 C18 " " Similar to the above. 

C8472 C19 Mar. 25,'63 Pandasan, North 
Borneo 

Upland variety. 50m alt. 

C8473 C20 Mar. 27,'63 Tenom, North 
Borneo 

8 miles from Tenom. Upland variety. 100m alt., in 
mountain area. 

C8474 C21 Mar. 29,'63 Tambunan, North 
Borneo 

Lowland variety, very old strain. 200m alt. 

C8475 C22 Apr. 1, '63 Kilanas, Brunei Lowland variety. Local name "Badus". 

C8476 C23 " " " "Galoh" 

C8477 C24 " " " "Karang Kijang" 

C8478 C25 " " " "Kerangan" 

C8479 C26 " " " "Kutai" 

C8480 C27 " " " "Mariau" 
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C8481 C28 " " " "Mempueh" 

C8482 C29 " " " "Mirah Isi" 

C8483 C30 " " " "Nagalang Takun" 

C8484 C31 " " " "Pusu" 

C8485 C32 " " " "Saba" 

C8486 C33 " " " "Sengkidau" 

C8487 C34 " " " "Siam" 

C8488 C35 " " " "Si-Ludin" 

C8489 C36 " " " "Si-Rendah Ampal" 

C8490 C37 " " " "Tidong" 

C8491 C38 " " Upland variety "Arang" 

C8492 C39 " " " "Bangang" 

C8493 C40 " " " "Karangan" 

C8494 C41 " " " "Lakatan Badus" 

C8495 C42 " " " "Lakatan Balek" 

C8496 C43 " " " "Lakatan Piasau" 

C8497 C44 " " " "Lakatan Sidop" 

C8498 C45 " " " "Lapis" 

C8499 C46 " " " "Lumpor II" 

C8500 C47 " " " "Perak" 

C8501 C48 " " " "Radin Amau" 

C8502 C49 " " " "Radin Amau" 

C8503 C50 " " " "Samali" 

C8504 C51 " " " "Sasi Layan" 

C8505 C52 " " " "Sembayong" 

C8506 C53 " " " "Simuda" 

C8507 C54 " " " "Si-Rendah Ekor Payau" 

C8508 C55 " " " "Si-Rasau" 

C8509 C56 " " " "Tamangong" 

C8510 C57 Apr. 3, '63 Lemunin, Brunei 23 miles from Brunei Town near Agricultural 
Department of Lemunin. Lowland variety. Strain 
found together with W1267. 

C8511 C58 Apr. 4, '63 Lavi, Brunei Lowland variety. Popular rice in this district. 

C8512 C59 Apr. 10, '63 Limbang, 
Sarawak 

4 miles south of Limbnag. Popular lowland variety 
in this district. 

C8513 C60 Apr. 12, '63 Serian, Sarawak 9 miles from center of Serian. Upland variety. 
Shifting method used. 

C8514 C61 " " 11 miles from center of Serian. Upland variety. 
Shifting method used. Growing together with Coix 
sp. 

C8515 C62 " " 6 miles from center of Serian. Popular lowland 
strain in this district. 

C8516 C63 Apr. 17, '63 Stumbin, Srawak Lowland variety, low yield. Local name, "Padi 
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Selasah", meaning smell rice. 
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3) Wild species other than Oryza 

Collected 
No. 

Species Date Place Habitat 

M201 Hygroryza sp. Mar. 18, '63 Jesselton, North 
Borneo 

Railway track leading to mountains. Plants 
growing at a distance of 5m from each 
other. Small population. 

M202 Citrus sp. Mar. 21, '63 Papar, North 
Borneo 

Popular orange in this district. Taste not 
good but very juicy. 

M203 Hygroryza sp. Mar. 25, '63 Pandasan, 
North Borneo 

Waste grass land, large population on 
about 100m×50m area. 

M204 Leersia hexandra 
Swartz 

Apr. 1, '63 Kilanas, Brunei Irrigation canal near paddy field. Large 
population, area about 1m×100m along the 
canal. 

M205 Ipomoea sp. Apr. 7, '63 Brunei Town, 
Brunei 

Dry waste grass land and hedge of a house. 
Flowering at 10 a.m. 

M206 Coix sp. Apr. 12, '63 Serian, Sarawak Growing together with C8514, in upland 
rice. Natives use it for bread. 

M207 Ipomoea sp. " Kuching, 
Sarawak 

Hedge of school. 

M208 Musa sp. Apr. 23, '63 " One finger had 2 seeds, other 6 were 
seedless. 

M301 Musa sp. May 1, '63 Bogor, Indonesia One finger had one seed, other 10 seedless. 

M302 Ipomoea aquatika 
Forsk 

May 3, '63 Soenter, 
Indonesia 

Waste land near paddy field. Natives use 
its leaves for vegetable. Growing on about 
2m×2m area. 

M303 - May 15, '63 Tretes, 
Indonesia 

Tall tree, red flowers. Growing in mountain 
area. Local name "Pohon Spatudia". 

M304 Ipomoea sp. May 19, '63 Sedili, Johore, 
Malaya 

2 miles from Sedili Town. Creeping on 
road. 
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V. Abstract of diary 

March 16 (Sat.) Left Tokyo for the Philippines by SAS. 
 17 (Sun.) Stayed in International Rice Research Institute, Los Banos. Met 

Dr. T. T. Chang. 
 18 (Mon.) Left Manila for North Borneo by CATHAY. Arrived in Jesselton 

in the afternoon. Met Mr. K. G. Malet, Agricultural Officer, 
Jesselton. 

 19 (Tue.) To Tuaran by car. Visited Mr. M. Smith, Agricultural Officer, 
Department of Agriculture, Central Agricultural Station at 
Tuaran. Returned to Jesselton and visited Department of 
Agriculture, Jesselton. Observed some grass specimens, collected 
by Mr. R. H. Poster in 1952. 

 20 (Wed.) To Telipok, Penampang by car. Returned to Jesselton in the 
evening. 

 21 (Thu.) To Papar by train, accompanied by Mr. Malet. Visited 
Department of Agriculture. Returned to Jesselton in the evening. 

 22 (Fri.) To Kudat by Straits Steamship Co., LTD. 
 23 (Sat.) Met Mr. S. Ponnudurai, Agricultural Officer in Kudat. TO 

Sikuati, interior of Kudat, by car and returned to Kudat. In the 
afternoon to Bandau by boat, accompanied by Mr. G. Ginibon, 
Junior Agricultural Assistant. One plant of O. officinalis (W1248) 
was found in a swamp. 

 24 (Sun.) To Langkon on foot. A population of O. officinalis (W1249-W1255) 
in the vicinity of Bandau and from Bandau to Langkon Track. 

 25 (Mon.) To Pandasan on foot. 
 26 (Tue.) To Kota Belud on foot. Visited Mr. P. W. H. Walsh-Remmis in 

Department of Agriculture at Kota Belud. Returned to Jesselton 
by land rover in the evening. 

 27 (Wed.) To Tenom by train. Met Mr. M. A. Logan, Department of 
Agriculture in Keningau. Looked around in the vicinity of Tenom 
and its mountain area on foot. 

 28 (Thu.) Field trip to Malalap on foot. A population of O. officinalis 
(W1256-W1263) was found. In the evening to Keningau by land 
rover. 

 29 (Fri.) Visited Mr. M. A. Logan, Department of Agriculture, Keningau. 
To Tambunan and returned to Keningau by land rover. 
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 30 (Sat.) Trip to Bunsit by land rover. Populations of O. officinalis (W1264 
and W1266) and O. meyeriana subsp. meyeriana (W1265) were 
found. Proceeded to Tenom by land rover and to Jesselton by 
train in the evening. 

 31 (Sun.) Stayed in Jesselton. 
April 1 (Mon.) Left Jesselton for Brunei by BA. Visited Agricultural Station of 

Kilanas. 
 2 (Tue.) Visited Mr. A. D. Hamidoon, State Agricultural Officer, in Brunei 

Town. Trip to Tanjong Langgir and Jerudong by car, accompanied 
by Mr. W. G Agne of Department of Agriculture. 

 3 (Wed.) Visited Mr. S. Soo, Agricultural Station in Lemunin. Found O. 
officinalis (W1267-W1271). 

 4 (Thu.) Trip to Labi via Kuala Belait by land rover and boat. Visited 
Department of Agriculture in Kuala Belait. Found a population 
of O. officinalis (W1272-W1276). 

 5 (Fri.) A small population of O. officinalis (W1277) was found. Returned 
to Brunei Town by boat and land rover. 

 6 (Sat.) Field trip to Bangar by boat. Visited Department of Agriculture 
in Bangar. 

 7 (Sun.) Stayed in Brunei Town. 
 8 (Mon.) Field trip to Lumapas by boat and land rover. Visited 

Agricultural Station in Lumapas. Returned to Brunei Town in 
the evening. 

 9 (Tue.) To Maara by car. Returned to Brunei Town. 
 10 (Wed.) Trip to Limbang, Sarawak, by boat. Visited Mr. Barbanie. 

Department of Agriculture in Limbang. Collected O. officinalis 
(W1278 and W1280) and O. ridleyi (W1279). Returned to Brunei 
Town in the evening. 

 11 (Thu.) Flight from Brunei to Kuching, Sarawak, by MA. Visited Drs. L. 
J. Foster and J. R. Dunsmore, Department of Agriculture, 
Kuching. 

 12 (Fri.) Field trip to Serian, Tarat and Tebakang. Visited Agricultural 
Experimental Station in Tarat. Found O. officinalis but could not 
collect mature grain. Returned to Kuching in the evening. 

 13-15 (Sat.-Mon.)  
  Stayed in Kuching and looked around in the vicinity of Kuching. 
 16 (Tue.) To Simanggang by land rover. Looked around swamps in the 

vicinity of Simanggang. O. officinalis was found (W1281). 
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 17 (Wed.) Trip to Stumbin by boat, accompanied by Mr. A. White. Visited 
Agricultural Experimental Station in Stumbin. Returned to 
Kuching in the evening. 

 18 (Thu.) To Betong by boat and land rover. Visited Department of 
Agriculture in Betong. Looked around swamps and paddy fields 
in the vicinity of Betong. 

 19 (Fri.) Returned Simanggang by land rover and boat. O. officinalis 
(W1282) was found. 

 20 (Sat.) To Kuching by land rover. 
 21 (Sun.) Stayed in Kuching. 
 22 (Mon.) Visited Department of Agriculture in Kuching. 
 23 (Tue.) Field trip to paddy fields in the vicinity of Kuching on foot. 
 24 (Wed.) Flight from Kuching to Singapore by MA. 
 25 (Thu.) Visited Botanic Gardens, Singapore and Herbarium. Met Drs. M. 

Burkill, Director and A. G. Alphonso. Studied the specimens 
collected in Malaya and Singapore. 

 26 (Fri.) Flight from Singapore to Djakarta by JAL. 
 27 (Sat.) Visited Consulate General of Japan. 
 28 (Sun.) Stayed in Djakarta. 
 29 (Mon.) To Bogor by car. Met Dr. H. Siregar, Director of Cereals Research 

Institute. Visited Dr. N. Wirawan, Herbarium Bogoriense. 
 30 (Tue.) Studied the specimens at Herbarium Bogoriense. Detected and 

identified some specimens. 
May 1 (Wed.) Visited Botanic Gardens of Bogor. 
 2 (Thu.) Field trip to Depok by car accompanied by. Mr. M. Sundaru, 

Cereals Research Institute. O. sativa var. spontanea (W1286) 
was found. 

 3 (Fri.) Trip to Tandjong, Soenter, Bidaratjina by car. O. sativa var. 
spontanea (W1287) was found. 

 4 (Sat.) Trip to Tjibodas by car. Visited Botanic Gardens of Tjibodas. 
Collected O. perennis (W1288) and O. officinalis (W1289). 

 5 (Sun.) Returned to Djakarta by car. 
 6-8 (Man.- Wed.) 
  Stayed in Djakarta. Looked around the paddy fields and river in 

the vicinity of Djakarta. 
 9 (Thu.) Flight from Djakarta to Bandjarmasin via Surabaja by GIA. 
 10 (Fri.) Trip to Gambut and Bandjarbaru by land rover and on foot. 
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 11 (Sat.) Visited Department of Agriculture, Bandjarmasin. Field trip to 
Handilmanarap by car and on foot, accompanied by Mr. 
Noorsjamsi. Collected O. sativa var. spontanea (W1290), O. 
officinalis (W1291) and O. perennis (W1292). 

 12 (Sun.) To Belandeau by boat. A population of O. sativa var. spontanea 
(W1293) was found. Proceeded to Bandjarbaru via 
Bandjarmasin. 

 13 (Mon.) Flight to Surabaja by GIA. 
 14 (Tue.) Visited Consulate General of Japan in Surabaja. Trip to Tretes 

by car. 
 15 (Wed.) Returned to Surabaja by car. Looked around paddy fields. 
 16 (Thu.) Flight from Surabaja to Djakarta by GIA. 
 17 (Fri.) Flight from Djakarta to Singapore by JAL. 
 18 (Sat.) Stayed in Singapore and visited Botanic Gardens. 
 19 (Sun.) Field trip to Johore by car, accompanied by Dr. A. G. Alphonso. 

Returned to Singapore in the evening. 
 20 (Mon.) Stayed in Singapore. 
 21 (Tue.) Flight from Singapore to Manila via Saigon by PAA. 
 22 (Wed.) Stayed in International Rice Research Institute, Los Banos, and 

gave to the Institute some seeds and specimens collected in 
Borneo. 

 23 (Thu.) Left Manila for Tokyo by KLM. 
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IV. Parsons contacted in Borneo and Java 

North Borneo 
Jesselton Mr. E. J. H. Berwick, Director, Department of Agriculture 
 Mr. K. G. Malet, A.O.H.Q., Department of Agriculture 
Tuaran Mr. M. Smith, Agronomist, Central Agricultural Station 
Kudat Mr. S. Ponnudurai, Agricultural officer 
Kota Belud Mr. P. W. H. Walsh-Remmis, Agricultural Officer 
Keningau Mr. M. A. Logan, Agricultural Officer 

Brunei 
Brunei Town Mr. A. D. Hamidoon, State Agricultural Officer 
 Mr. W. G. Agne, Department of Agriculture 
 Mr. Solomon Soo, Department of Agriculture 
Kuala Belait Mr. H.b.A. Hamid, Department of Agriculture 

Sarawak 
Kuching Dr. J. R. Dunsmore, Department of Agriculture 
Simanggang Mr. O. K. Chong, Department of Agriculture 
 Mr. A. White, Department of Agriculture 
Limbang Mr. Barbanie, Department of Agriculture 

Kalimantan 
Bandjarmasin Mr. Noorsjamsi, Lembaga Penelitian Padi 

Java 
Bogor Dr. H. Siregar, Lembaga Penelitian Padi 
 Mr. M. Sundaru, Lembaga Penelitian Padi 
 Dr. N. Wirawan, Herbarium Bogoriense 
 Mr. A. Madjid, Lembaga Penelitian Ubi2an dan Ketjang2an 
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Report of explorations in East Africa and Madagascar 
 

by 
 

Tuguo Tateoka 
National Science Museum, Tokyo 

 
As part of a research program entitled "Genetics and Cytogenetics of Rice", which 

are being carried out at the National Institute of Genetics with financial aid from the 
Rockefeller Foundation (RF 62027), I made field explorations in East Africa and 
Madagascar from May to July, 1964. The results of this work are reported below. 

 



 

 
- 236 - 

I. Objects of the exploration. 

The following wild species of Oryza have been reported from East Africa: O. 
barthii, O. breviligulata, O. brachyantha, O. eichingeri and O. punctata. In 
Madagascar three species, O. barthii, O. punctata and O. perrieri are known. Although 
it would be desirable to collect all of these species, a number of strains of some of them 
have already been collected in previous explorations. It was not necessary then to cover 
all the species in my explorations, and it seemed wiser to concentrate my efforts on the 
areas in which exploration is particularly needed. I had the following three objects in 
my mind when I left Japan. 

i). To collect Oryza perrieri. This species, first described by Dr. A. Camus in 1925, 
has been lacking in our collections of Oryza species and in the International Rice 
Research Institute. This species had been known only from the type locality, Majunga, 
Madagascar. 

ii). Biosystematics of Oryza eichingeri and O. punctata. The relationship of O. 
eichingeri and O. punctata represents one of the most complicated problems in the 
taxonomy of Oryza. Although this species complex has been the subject of taxonomic 
studies by various workers, the morphological distinctions between them are not yet 
clear. The chromosome number of each species also has to be reexamined, as the 
materials which have been used by some cytogenetic workers under the names O. 
eichingeri or O. punctata sometimes seem to have been incorrectly identified. It was 
therefore desirable to collect many specimens from different localities, particularly 
from East Africa, where both O. eichingeri and O. punctata occur. 

iii). Studies on the herbarium specimens 'Webster A155' and 'Robinson 4335'. 
These plants, which have recently been reported from Northern Rhodesia, are not clear 
taxonomically. The specimen 'Webster A155' was listed as Oryza angustifolia in 
'Annotated list of grasses collected in the Congo drainage basin of Northern Rhodesia 
and Tanganyika' compiled by Dr. D. F. Vesey-Fitzgerald (1963: Kirkia 3, 78 - 111), but 
Dr. Vesey-Fitzgerald kindly informed mo (in personal communication) that the 
identification may not be correct. Dr. E. Launert of the British Museum also informed 
me (in personal communication) that the plant might be a new Species. 
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II. Outline of the results. 

Exploratory trips were made in Kenya, Uganda, Tanganyika and Madagascar. 
Four wild species of Oryza were collected: O. perrieri, O. punctata, O. eichingeri and O. 
barthii. The last species was collected in both East Africa and Madagascar. The 
collections are listed in the next section. 

As to the three objects outlined in the previous section, the following results have 
been obtained. 

i). Oryza perrieri was collected in a small pond, locally called Matsavory, Majunga, 
Madagascar. This site is probably the same as that of the type specimen. The seeds 
obtained have been distributed to the National Institute of Genetics and the 
International Rice Research Institute. 

ii). For the purpose of elucidating what kinds of taxa are present in the eichingeri 
- punctata complex, I studied specimens in the East African Herbarium, Nairobi, 
where the collections of East African plants are the largest in the world. The following 
25 specimens belonging to either O. eichingeri or O. punctata were examined: 

H. C. Doukins 656; P. J. Greenway and W. J. Eggeling 7060; A. S. Thomas 3712, 
4033; W. J. Eggeling and J. E. Eggeling 4712, 4978, 4984, 5180, 5453; Eichinger 7636; 
P. J. Greenway 1405, 3228, 3246, 3260; P. J. Greenway and J. P. M. Brenan 8315; 
Welch 322; J. P. Glasgow 11/1/1946; M. Hunan 96; R. R. Stafles 15/11/1934; T. H. 
Vaughan 209; P. J. Greenway and W. J. Greenway 7064; W. G. Eggeling 5452; R. B. 
Drumond 7754; R. Polhill and S. Paulo 484; a local collector 22/7/1935. 

After studying the herbarium specimens, I was able to recognize two groups. 
They differ in morphology as follows: 

  Group A Group B 

1. Stem stout spongy 

2. Ligule 1 - 3 mm long, rather hard 4 - 10 mm long, soft, membranous 

3. Awn slender, flexuous, with quite small 
bristles 

rather stout, often straight, with 
larger bristles 

4. Spikelet narrowly elliptic, less than 2 mm 
broad 

elliptic, usually more than 2 mm 
broad 

5. Sterile lemmas usually narrowly triangular and 
accuminate 

usually triangular and acute 

6. Branches of the 
panicle 

usually not at all spreading always spreading 
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Most of the specimens examined may be divided easily into these two groups by 
the combination of the morphological characters listed above, and the only exception is 
a collection by P. J. Greenway (3228) which shows features intermediate between the 
two groups. 

The plants of Group A are very similar to the type specimen of O. eichingeri 
(Eichinger 7636), and therefore the species name O. eichingeri can be used for this 
group. The species name of Group B is O. punctata. I do not know the specimen 
number of the type of O. punctata, although I examined it at Kew in 1961. 
Unfortunately I could not make cut the specimen number, but was confident that this 
was the type specimen collected in North East tropical Africa more than a century ago. 

Spikelet length has been regarded by several previous taxonomic workers as one 
of the most reliable characters differentiating O. eichingeri and O. punctata. It has 
been reported that the spikelets are 6.0 - 6.5 mm long in O. punctata. while only 4 - 5 
mm in O. eichingeri. However, my measurements do not accord with these statements. 
Table 1 shows the results of the measurements of spikelet length for 25 specimens that 
I examined. It is clear that spikelet length varies continuously. In other words, the two 
taxa recognizable by the differences listed above have no obvious differences in spikelet 
length. 



 

 
- 239 - 

Table 1. Spikelet length in the Oryza punctata and O. eichingeri complex. A, spikelet 
length (the mean of ten or more spikelets). B, number of specimens. 

A: 4.4 - 4.6 - 4.8 - 5.0 - 5.2 - 5.4 - 5.6 - 5.8 - 6.0 - 6.2 - 6.4 - 6.6 - 6.8 

B:   1   1   3   5   2   3   3   2   2   1   1   1   

 
During the explorations, I tried to collect as many strains of this complex as 

possible. This goal was difficult to achieve, as I had to search for the plants in vast 
areas without information on original sites. O. eichingeri grows in virgin forests where 
there are various dangerous animals, and O. punctata is also found in such forests or 
in somewhat disturbed areas. A total of 17 collections was obtained. They are listed in 
the next section together with the localities and habitats. 

Among the 17 collections, 13 belong to O. eichingeri and four to O. punctata. The 
remaining, two collections (No. 13 and 15) have panicles with spreading branches as in 
O. punctata, while they are similar to O. eichingeri in other characters (No. 13 and 15 
are here referred to O. eichingeri). It is apparent that many more collections, especially 
from Congo and West Tropical Africa, should be carefully examined to complete our 
understanding of the taxonomy of these species. 

The results of studies of the present East African collections will be published 
elsewhere in the future, and will include observations of the chromosomes. 

iii). I was able to study the specimen 'Webster A155' and 'Robinson 4335' in the 
East African Herbarium. Although the spikelets of Robinson's collection are somewhat 
smaller than those of Webster's, the two collections are very similar morphologically 
and apparently belong to one and the same species. The morphological features of 
'Webster A155' and 'Robinson 4335' are as follows: 

Annual (?). Culms 40 - 50 cm long, slender, geniculate; nodes minutely hairy. 
Sheaths 3 - 9 cm long, glabrous, somewhat swollen; ligules about 3 mm long, 
membranous, glabrous, the upper edge being somewhat dentate; blades very narrow; 
usually 8 - 15 cm long, 1 - 2 mm broad, accuminate, glabrous, the midrib very 
prominent. Panicles more or less exserted, 8 - 9 cm long, glabrous. Spikelets elliptic, 
3.8 - 4.2 mm long, 1 - 1.5 mm broad, scabrous, yellowish or purplish green, 
disarticulating below the fertile lemma, pedicelled; glumes suppressed; sterile lemmas 
suppressed; fertile lemma 5 - nerved, ciliate along the keel, awned, the awn 3 - 5 mm 
long; palea 3 - nerved, ciliate along the keel, as long as the fertile lemma, awned, the 
awn 1 - 1.8 mm long. 

The plants 'Webster A155' and 'Robinson 4335' differ from Oryza angustifolia in 
the short-awned, small spikelets: the spikelets of O. angustifolia are 5 - 8 mm long and 
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have an erect, long awn (11 - 18 cm long). Oryza perrieri and O. tisseranti are also 
morphologically related to 'Webster A155' and 'Robinson 4335', but O. perrieri has flat 
blades more than 3 mm broad, lacking a prominent midrib. O. tisseranti is also 
characterized by flat blades which lack a prominent midrib. Further, the plants 
'Webster A155' and 'Robinson 4335' differ in spikelet shape from any species of Oryza 
known so far; they may represent a new species. 

I had hoped to collect this new species at Abercorn, Northern Rhodesia. But, the 
airplane (BR 211) which I boarded at Entebbe was long delayed, and I could not get the 
plane going to Abercorn from Ndola which I reserved. I was forced to change my 
itinerary, and I missed this opportunity to visit Abercorn. 
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III. List of collections of Oryza. 

 Species Date Locality Habitat 

# 1. O. punctata May 7 15 miles north of Mariakani, 
Kwale, Coast Province, 
Kenya 

in ditch with slow moving water under 
partial shade 

# 2. O. punctata May 7 15 miles north of Mariakani, 
Kwale, Coast Province, 
Kenya 

in ditch with stagnant water under 
partial shade 

# 3. O. punctata May 8 5 miles north of Kwale, 
Kwale, Coast Province, 
Kenya 

on poorly drained soil in open area near 
coconut plantation 

# 4. O. eichingeri May 22 Mulange, Mabira forest, 
Kyagwe, Mengo, Buganda, 
Uganda 

on brink of small stream in heavily 
shaded area 

# 5. O.eichingeri May 22 Mabira forest (ca. 200 m 
west of # 4) 

on drained soil in shaded area with thin 
undergrowth 

# 6. O. eichingeri May 22 Mabira forest (ca. 300 m 
north of # 4) 

on fairly drained soil in shaded area 

# 7. O. eichingeri May 26 Sonso, Budongo forest, 
Bunyoro, Uganda 

on brink of small stream under shade in 
valley bottom 

# 8. O. eichingeri May 28 Ntandi forest, Bwamba, 
Toro, Uganda 

on poorly drained soil under shade at the 
edge of forest facing Bundibugyo Road 

# 9. O. eichingeri May 28 Ntandi forest (ca. 30 m east 
of # 8) 

on poorly drained soil under shade 

#10. O. eichingeri May 28 Ntandi forest (ca. 30 m north 
of # 8) 

on poorly drained soil under shade 

#11. O. eichingeri May 28 Ntandi forest (ca. 200 m 
north of # 8) 

on poorly drained soil under shade 

#12. O. eichingeri May 28 Ntandi forest (ca. 300 m 
north of # 8) 

on poorly drained soil under shade 

#13. O. eichingeri May 28 About 1 mile south-west of 
Ntandi forest, Bwamba, 
Toto, Uganda 

on poorly drained soil under shade 

#14. O. eichingeri May 28 near Bundibugyo, Bwamba, 
Toro, Uganda 

on poorly drained soil under shade 

#15. O. eichingeri May 28 About 3 miles south-west of 
Ntandi forest, Bwamba, 
Toro, Uganda 

on poorly drained soil under shade 

#16. O. eichingeri May 28 About 2 miles north of 
Ntandi forest, Bwamba, 
Toro, Uganda 

on poorly drained soil under shade 

#17. O. barthii June 10 Ilonga, Kilosa, Tanganyika in small pond in open area along the 
main road 

#18. O. barthii June 10 About 7 miles west of 
Kimamba, Kilosa, 
Tanganyika 

on poorly drained soil in open area near 
rice field 

#19. O. barthii June 10 About 5 miles west of 
Kimamba, Kilosa, 

on bank and in water of small stream in 
open area 
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Tanganyika 

#20. O. barthii June 10 About 10 miles west of 
Kimamba, Kilosa, 
Tanganyika 

in small pond in open area 

#21. O. barthii June 11 About 15 miles west of 
Morogoro, Tanganyika 

on poorly drained soil along bank of 
stream in open area 

#22. O. barthii June 11 Madagania, Morogoro, 
Tanganyika 

on drained soil in open area near rice 
field 

#23. O. punctata June 20 About 50 miles south-west of 
Dar-es-Salaam, Tanganyika 

in ditch with stagnant water under 
partial shade 

#24. O. barthii June 20 About 53 miles southwest of 
Dar-es-Salaam, Tanganyika 

along stream with slow moving water in 
valley bottom 

#25. O. barthii (see note) Anororo, Alaotra, 
Madagascar 

along irrigation canal in open area 

#26. O. barthii (see note) Anororo, Alaotra, 
Madagascar 

along irrigation canal in open area 

#27. O. barthii June 30 (see note) in experimental field (see note) 

#28. O. barthii July 7 Marovoay, Majunga, 
Madagascar 

on drained soil in open area near rice 
field 

#29. O. perrieri July 8 Matsabory (near Matsilka), 
Majunga, Madagascar 

in water of pond in open area 

 
Note: The seeds of #25 and #26 were collected in May, 1964, by Dr. M. Arraudeau, 

Station Agronomique du Lac Alaotra. Strain #25 has spikelets with a red awn, and #26 
has white-awned spikelets. Strain #27 was cultivated by Dr. Arraudeau in his 
experimental field and was originally collected at the same locality with #25 and #26. 
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IV. Collections other than Oryza. 

When I went to forests or fields to search for the species of Oryza and related 
genera, I incidentally collected various grasses growing in these areas. I collected 
about 300 numbers representing almost 1500 specimens. Root tips of some grasses 
were also collected in field for cytological studies. A set of the herbarium specimens will 
be distributed to the United States National Herbarium, Washington, and other 
duplicates will be sent to the major herbaria. The collections of grasses other than 
Oryza in East Africa were kindly identified by Miss D. Napper, Botanist in Charge of 
East African Herbarium. The collections from Madagascar have not yet been 
identified. 

The following is a list of my collections in East Africa. Figures in parenthesis 
indicate the numbers of species. 

Agrostis (4), Alloteropsis (1), Andropogon (6), Aristida (2), Arthraxon (1), 
Axonopus (1), Beckeropsis (1), Bothriochloa (3), Brachiaria (7), Brachypodium (1), 
Bromus (1), Cenchrus (1), Chloris (4), Coelorhachis (1), Commelinidium (1), Ctenium 
(1), Cymbopogon (2), Dactyloctenium (2), Deschampsia (1), Dichanthium (1), Digitaria 
(12), Dinebra (1), Echinochloa (4), Ehrharta (1), Eleusine (1), Enneapogon (1), 
Enteropogon (1), Eragrostis (26), Eriochloa (1), Eustachys (1), Exotheca (1), Festuca (2), 
Harpachne (1), Helictotrichon (1), Heteropogon (2), Hyparrhenia (7), Imperata (1), 
Isachne (1), Koeleria (1), Latipes (1), Leersia (1), Leptaspis (1), Leptochloa (1), 
Loudetia (3), Melinis (1), Miscanthidium (1), Olyra (1), Oplismenus (1), Panicum (13), 
Paspalidium (1), Paspalum (4), Pennisetum (7), Pentaschistis (1), Perotis (1), Poa (2), 
Pseudechinolaena (1), Rhynchelytrum (1), Rottboellia (1), Sacciolepis (2), 
Schizachyrium (1), Schmidtia (1), Sehima (1), Setaria (8), Sorghastrum (1), Sporobolus 
(8), Streptogyne (1), Tetrapogon (1), Themeda (1), Tragus (1), Urochloa (1). 
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V. Condensed itinerary. 

May 1. Departed Japan. 
 3. Arrived at Nairobi, Kenya. 
 4. Visited Consulate General of Japan and East African Herbarium. 
 5. Visited Ministry of Agriculture, Kenya. 
 6. Proceeded to Mombasa. 
 7 - 8. Searched for Oryza species in the vicinity of Mombasa, Kwale 

and Samburu. 
 9. Proceeded to Nairobi. 
 12. Visited Embu. 
 14. Proceeded to Kitale. 
 15. Visited National Agricultural "Research Station, and proceeded 

to Kisii in the afternoon. 
 16. Searched for wild species of Oryza in the vicinity of Kisii. 
 17. Proceeded to Nairobi. 
 18 - 20.  Prepared and arranged specimens collected in Kenya. 
 21. Proceeded to Kampala, Uganda, and visited Kawanda Research 

Station, Kamapala. 
 22. Collected Oryza eichingeri at Mabira forest, Buganda. 
 23. Proceeded to Masindi. 
 25. Searched for Oryza species at Budongo forest, and then 

proceeded to Hoima. 
 27. Searched for Oryza species at Bugoma forest and proceeded to 

Fort Portal. 
 28. Looked for Oryza species in Bwamba District. 
 29. Proceeded to Kamapala. 
May 30 - June 4. 
  Prepared and arranged specimens collected in Uganda. 
June 5. Proceeded to Ndola, Northern Rhodesia. 
 6. Proceeded to Dar-es-Salaam, Tanganyika. 
 8. Visited Research Division, Ministry of Agriculture, Tanganyika. 
 9. Proceeded to Morogoro and searched for Oryza species in the 

vicinity of Morogoro. 
 10. Visited the Central Research Centre, Ilonga, and collected Oryza 

species in the vicinity of Kilosa. 
 11. Proceeded to Dar-es-Salaam. 
 13. Proceeded to Moshi. 
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 14 - 16. Searched for species of Oryza and related genera at the foot of Mt. 
Kilimanjaro. 

 17. Proceeded to Dar-es-Salaam. 
 18 - 19. Prepared and arranged specimens collected in Tanganyika. 
 20. Searched for Oryza species south-west of Dar-es-Salaam. 
 23. Proceeded to Tananarive, Madagascar. 
 24. Visited the Institut de Recherches Scientifiques a Madagascar. 
 25 - 26. Searched for Oryza species and other grasses in the vicinity of 

Tananarive. 
 29. Proceeded to Alaotra. 
 30. visited Station Agronomique de Lac Alaotra. 
July 1. Proceeded to Tananarive. 
 2 - 3.  Proceeded to Ankaratra and looked for grasses related to Oryza. 
 6. Proceeded to Majunga. 
 7 - 8. Searched for Oryza species in the vicinity of Majunga and 

Marovoay. 
 9. Proceeded to Tananarive. 
 10 - 12. Prepared and arranged specimens collected in Madagascar. 
 13. Proceeded to Tamatave. 
 14. Searched for Oryza species in the vicinity of Tamatave. 
 15. Proceeded to Tananarive. 
 16 - 17. Prepared and arranged specimens, collected in Madagascar. 
 18. Proceeded to Nairobi, Kenya. 
 20. Visited the East African Herbarium. 
 21 - 23. Searched for Oryza species along the main Mombasa - Nairobi 

Road. 
 24 - 25. Made Herbarium studies at East African Herbarium. 
 27. Departed Nairobi and proceeded to Bombay. 
 30. Arrived at Manila and proceeded to Los Banos. 
 31. Worked at the International Rice Research Institute. 
Aug. 1. Arrived in Tokyo. 
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ABSTRACT 

In the early dry season (October-November) of 1977, we have travelled in the 
interior of Nigeria and other West African countries for ecological-genetic studies of 
rice species and accompanying savanna plants. Our trip was planned and realized 
under a grant for overseas field research of the Ministry of Education, and with the 
generous cooperation of the International Institute of Tropical Agriculture (IITA, 
Nigeria), Office de la Recherches Scientifique et Technique Outer-Mer (ORSTOM, 
Chad and Ivory Coast), Institut de Recherches Agronomiques Tropicales (IRAT, Ivory 
Coast), and other agricultural institutions. Our objectives were to make observations 
on the diversity of plants as influenced by natural environment and human activity 
and to collect the seeds of wild and cultivated rice species. 

The seed samples collected were: Oryza sativa - 36, O. glaberrima - 31, O. 
perennis subsp. barthii (= O. longistaminata) - 27, O. breviligulata - 20, and O. 
punctata - 8. Each accession consisted of seed samples taken at random from 20 to 30 
plants of a population, either on a single plant basis or in bulk. The seeds were shared 
with the units in charge of germplasm conservation of the IITA and ORSTOM. 

Observations were recorded at 77 selected sites, of which 28 were swampy 
depressions (where wild rice species grew), 23 were upland savannas, and 26 were rice 
fields. Records were taken at each site with regard to physiography, water condition, 
disturbance by man, grazing, height and cover of major plant species, habitat 
segregation, and within-population variations in visually distinguishable characters. 
For rice fields, the method of cultivation was also recorded. On the basis of herbarium 
specimens collected at these sites, a total of 117 species were identified by Dr. I.O. 
Akobundu of the IITA. Further, for a survey of buried seed populations, soil samples 
were taken from 27 sites. Although experiments with the collected materials are under 
way, the following facts were pointed out from our fields notes. 

1) Savanna vegetation: Latitude is a critical factor in determining natural 
vegetation as well as cropping, as the higher the latitude, the shorter the rainy season 
and the more uncertain the rainfall. The proportion of annual species tended to be high 
at higher latitude. Total biomass estimate (plant height x cover) tended to be small at 
higher latitude. Generally, species diversity was correlated with total biomass, though 
it differed according to topographic conditions and habitat disturbance. 

2) Wild rice species: Oryza perennis subsp. barthii had rhizomes in all of 27 
populations observed. The populations were uniform in outward appearance except 
that a difference in awn color (red vs. white) was found, even though they are known to 
have a large amount of enzymatic variations. In many places, the plants formed 
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clumps as the result of their rhizomatous propagation. Some of the plants showed 
pollen and/or seed sterility. 

The annual species, O. breviligulata, was found in swampy depressions in the 
Sudan and Sahel zones. In the area where the plants form big populations as in Chad 
and northern Gameroun, the people collect the grain as their food. Scattered plants of 
this species exhibiting some characters of cultivated rice were found in disturbed 
habitats like abandoned rice fields. Despite their quite different breeding habits, O. 
breviligulata and O. perennis subsp. barthii were often sympatric. But they showed 
habitat segregation as barthii occurred in a slightly elevated zone (sometimes less than 
10 cm) as compared with breviligulata. 

O. punctata seemed to be divisible into two ecotypes, one adapted to marshes 
shaded by trees, and the other adapted to open habitats and growing often 
sympatrically with O. breviligulata. 

3) Cultivated rice: There were different types of rice fields which were divisible 
into upland, rainfed lowland, and flooded river-plain types, in addition to modernized 
irrigable fields. The rice fields of peasant farmers were generally undulated but not 
sectioned by dykes. In a majority of those fields, the two species, O. sativa and O. 
glaberrima, were mix-planted in varying proportions. Although governmental agencies 
recommend planting sativa cultivars, many farmers recognize that the traditional 
glaberrima rice is more tolerant to drought, submergence, and other stresses. The 
farmers rather willingly accept mixing of the two species and their different varieties. 

Irrigable rice fields have been open in some places in the semi-arid inland. There, 
we learned that the semi-dwarf improved Indicas of O. sativa introduced from Asia 
were generally inadaptive. This is possibly because the varieties selected for high 
yielding potential under a good cultural management have not been selected for 
tolerance to water stresses. 

4) Character variations within rice populations: The seed samples collected from 
the fields showed that the populations were highly polymorphic in visually 
distinguishable characters. Evaluating the diversity in seed type by the amount of 
information (H = -Σpilogepi), we found that in the fields where glaberrima and sativa 
were mix-planted, the diversity within glaberrima populations was highest when the 
relative frequency of glaberrima plants was 50-60 percent. The paraboric regression 
line of diversity on relative frequency was highly significant. A similar trend was also 
found for sativa populations. We found further that the within-population diversity 
was in both species correlated with species diversity in the field which was estimated 
(also by H) from percent biomass for each of coexisting species (rice and weed). These 
relationships suggest that the complexity of the biotic environment as shown by 
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species diversity plays a role in maintaining polymorphisms in rice populations. 

It was also suggested that the temporarily changing water conditions and 
microtopographic undulations in the field impose a pressure of disruptive selection on 
the rice populations and plant community as a whole and result in greater species and 
genotypic diversity. The interrelationship found between genetic variation within rice 
populations and community structure, though the dynamics are difficult to elucidate, 
may be of some use in considering work for the conservation of genetic resources. 

5) Other crops than rice: In addition to rice, sorghum, millet, pearl millet, maize, 
cowpea, groundnut, cotton, etc. are grown in the rainy season. In many fields, two or 
more crop species were found to be mix-planted. According to a report from the 
Institute of Agricultural Research, Ahmadu Bello University, Zaria, intercropping in 
certain conditions was advantageous in increasing total yield. In cowpea, the presence 
of cereals in the field reduced pest damages when no pesticide was sprayed. 

The cowpea seeds obtained from the local markets were various in size and color 
pattern in the same manner as were rice seeds. Presumably, both genetic variation in a 
species and species mixing play similar roles in increasing the biotic complexity of the 
community and serve as stabilizing mechanisms. Attemps of agricultural 
modernization by monoculturing a single crop may be adventurous unless the 
agro-ecosystems are carefully investigated and managed. 
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FOREWORD 

Rice species show a great diversity in the inland of West Africa. There are two 
cultivated species, their respective wild relatives, and several wild species distantly 
related to the cultivated ones. Two or more species are often sympatric in the same 
habitat though some are annual and others are perennial. Their swampy habitats are 
surrounded by savannas, and the environment varies in a wide range. 

In 1963, for study and collection of rice species, Oka has visited West African 
countries with the late Dr. Wen-Tsai Chang, Professor, Taiwan Provincial College of 
Agriculture at Taichung. However, almost at the end of the trip, due to a negligence of 
a driver, their car went out of control, and Dr. Chang was killed. It was the 14th of 
December, 1963, at Yagoua, Cameroun. Though an extensive collection of germ plasms 
was made, it was felt that more observations were necessary on the rice species. 

The present study-tour was planned in order to look more closely into certain 
problems found from examinations of the genetic stocks collected in 1963, particularly 
the impact of natural environment and human activity on the populations of rice 
species. The key words in this report are: genetic diversity, reproductive strategy, 
community structure, water stress, microtopography, habitat disturbance, and certain 
species names. 

Another objective of our trip was collection of germ plasms of rice species. 
"Meeting on African rice species" was held on 25-26 January, 1977, at Paris by the 
IRAT-ORSTOM (Institut de Recherches Agronomiques Tropicales & Office de la 
Recherche Scientifique et Technique Outer-Mer), in which Oka was invited to 
participate. In accordance with the resolution of the meeting, collection teams have 
been and will be organized by the International Institute of Tropical Agriculture 
(hereafter abbreviated as IITA) as well as by the IRAT and ORSTOM. It is claimed that 
collection and conservation of rice genetic resources in Africa is urgently needed as 
they are rapidly being exhausted as a result of modernization of human society and 
climatic hazards. We have made collection in cooperation with these international 
activities. 

We have chosen Northern Nigeria and Chad as the main area of study because 
this area had been left unexplored regarding rice species but was expected to have a 
great diversity of germ plasms. October-November was chosen as the time of our trip 
as it was on the average the time of seed maturity for various rice species. The route of 
our trip is shown in Fig. 1, and our itinerary in Abstract of Diary. 
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Fig. 1. Our travelling route (shown by broken lines).
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Our trip was financially supported under a grant for overseas field research from 
the Ministry of Education, Japan. We have visited Nigeria, Cameroun, Chad and Ivory 
Coast in Africa, and U.K., France and Thailand en route. In Nigeria, we were 
generously helped by the IITA providing vehicles and drivers. In Chad as well as in 
Ivory Coast, we enjoyed the kind help of the ORSTOM Centres at N'Djamena and 
Adiopodoume and of the IRAT at Bouake. We were also kindly helped by local 
governments and agencies as we state in Acknowledgements. 
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METHODS OF COLLECTION AND OBSERVATION 

The sites of observation and collection were chosen in most cases along the road 
by which we travelled. The sites observed can be divided into rice field, swampy 
depression (where wild rice species grew), and upland savanna. 

Collection was made only for wild and cultivated rice species. In principle, seeds 
were collected from each population by random sampling of 20 or more panicles along a 
transect or along the fringe of the population. The seeds were kept in paper bags on a 
single plant basis or in bulk, and were registered by code numbers showing the site 
and species name. 

Observations were recorded at each site on: date, location (km from a certain 
place), physiography, water condition, soil type, population size, disturbance by man 
and grazing (0: natural, 1: partly grazed, 2: adjacent to a crop field or heavily grazed, 
and 3: cultivated), plant height and percent cover of major plant species, habitat 
segregation (0: random mixing, 1: partial mixing, and 2: clear segregation), and 
cultivation method for rice field. However, not all the data were complete because 
sometimes tight schedule did not allow us to make many stops along the road and to 
spend enough time for observation. Panicles of rice species were also sampled for 
recording pollen and seed fertilities and other panicle characters. Photos were taken on 
each site. When we could converse with local farmers through an interpreter, we tried 
to ask them various questions. 

Similar observations were also recorded for major weed species. Their herbarium 
specimens were examined by Dr. I.O. Akobundu and his staff of the IITA to identify 
species names. An estimate of biomass was obtained for each species as the product of 
plant height and percent cover. The diversity of species or types at a site was shown by 

the amount of information, H = -
n

i 1=
Σpilogepi, where pi stands for the frequency of the i-th 

species or type. 

Thus, observations were recorded at 77 sites, of which 26 were rice fields, 28 were 
swampy depressions, and 23 were upland savannas (cf. Appendix I. Genetic stocks of 
rice species collected and observation sites). In addition, from a part of the observation 
sites, samples of surface soils were taken to examine buried seed populations by 
germination test and other soil characteristics (under a special permission of Japanese 
Plant Quaranteen Bureau). 
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EXTRACTS FROM FIELDS NOTES 

A. Collection of Rice Species 

The total number of seed samples collected were: Oryza sativa - 36, O. glaberrima 
- 31, O. perennis subsp. barthii (= O. longistaminata) - 27, O. breviligulata - 20, and O. 
punctata - 8. Each accession is a population sample and contains an amount of genetic 
variation. This should be taken into consideration when the seed is multiplied for 
experiment and conservation. Records on each accession are summarized in Appendix 
I. 

We have shared the seed samples with the Germplasm Collection Unit, IITA 
(Ibadan, Nigeria) and Centre d'Adiopodoume, ORSTOM (Abidjan, Ivory Coast). Those 
brought back to Misima are used for our experiments. 

B. Environmental Conditions 

1. Climatological conditions in Nigeria 

The territory of Nigeria extends from 4° to 14°N. The temperatures are 
moderately high throughout the year, highest in April-May (31°-33℃ on monthly 
average) and lowest in December-January (22°-27℃). The annual range (highest - 
lowest) varies from less than 2℃ at the southern coast to more than 10℃ in the 
northern inland (Table 1). In the northern arid area, the absolute maximum may be 
above 44℃ in April and the absolute minimum may be below 8℃ in January. 

Rainfall is concentrated in the rainy season which begins in April to June 
(according to latitude) and ends in September to October. In accordance with the 
seasonal movement of the inter-tropical front (between the oceanic and continental 
airmass, at about 5°N in January and 15°N in August), the rainy season is shorter and 
rainfall is smaller in the northern inland than in the southern coast. In winter months, 
the dry continental airmass extends toward south. The north wind from the Sahara 
containing sand dust, called "Harmattan", reaches Sokoto (13°N) in early November 
and Oyo (8°N) in early December. 
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Table 1. A look at the climate in Nigeria 
Place Latitude 

(degree, N) 

Month Year 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Ibadan 7.5 T 27.2 27.8 28.3 27.8 27.2 25.6 24.4 23.9 25.6 26.1 26.7 26.7 26.7 

  R 8 23 76 124 145 163 132 74 170 152 43 10 1120 

Bida 9.0 T 27.8 28.3 30.6 31.1 28.9 27.2 26.1 25.6 26.1 27.2 28.3 27.2 27.9 

  R 3 8 25 76 152 196 193 213 259 97 8 0 1232 

Kano 12.0 T 21.7 23.9 28.3 31.1 30.6 28.9 26.7 25.6 26.1 27.2 25.0 22.2 26.7 

  R 2 2 2 10 69 117 206 310 142 13 3 0 869 

Maiduguri 11.9 T 22.2 24.4 28.3 31.1 31.7 30.0 27.8 26.1 27.2 27.8 25.0 22.2 27.0 

  R 2 2 2 8 41 69 180 221 107 18 2 0 643 

Sokoto 13.1 T 24.4 26.7 30.6 33.3 32.8 30.6 27.8 26.7 27.2 26.7 27.8 25.0 28.3 

    R 2 2 2 10 43 94 152 244 132 13 2 0 691 

T: Temparature of monthly average (C), R: Rainfall (mm). 
(After Turner et al. 1971, p.9, recomputed into centigrade and metric unit) 
 

In annual water budget (rainfall - evapotranspiration), deficit increases as 
latitude is higher, e.g., from 76 mm at 8.5°N (Ilorin) to 915 mm at 13.1°N (Sokoto), as 
shown by Kowal and Knabe (1972). The natural vegetation varies in accordance with 
the pattern of rainfall, as will be mentioned later. The number of days available for 
cropping without irrigation depends upon physiography, soil texture, and the number 
of days of water surplus which ranges from 180 (Ilorin) to 70 (Sokoto). 

Linear regressions of rain parameters on latitude (recomputed from Kowal and 
Knabe, 1972) were obtained as follows: Letting latitude be x (degree), 

Annual rainfall (mm) = 2268 - 120x, 

The start of rain (no.of days after Jan. 1) = -13.1 + 14.3x. 

The end of rain (  〃  ) = 351.3 - 6.7x, and 

The length of rainy season (days) = 364.4 - 21x. 
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Fig. 2. Regression lines for the start and end of rains, showing 95% confidence limits, 

(after Kowal and Adeoye, 1973) 

However, total rainfall as well as the time of start and end of rains greatly differ 
from year to year. A disastrous drought attacked West Africa in 1970 to 1973 (cf. Kowal 
and Adeoye, 1973). The start of rain is more changeable than the end of rain (Fig. 2). It 
is said that the time of start of rain is more influential on the success of crops than 
total rainfall. Variability in rainfall is an important factor in determining cropping 
system and natural vegetation. Computation from the data published by Kowal and 
Knabe (1972, p.56-57) proved that the coefficient of variation of annual rainfall was 
weakly but significantly correlated with latitude in the area between 10° and 13.4° (r = 
0.281, n = 89, 1% level). The regression equation showing the increase in coefficient of 
variation (y in %) with latitude (x, degree) was: y = -5.9 + 2.1x. If records from the 
semi-desert area above 14°N were included in this computation, the tendency for the 
variability of rainfall to increase with latitude would be more clearly disclosed.
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Table 2. Water level of the Sokoto River at Birnin Kebbi (12.4°N) on the 15th of each 
month, recorded by the Sokoto-Rima Basin Development Authority (Mean and 
standard deviation for 9 years from 1968 to 1977 excepting 1972) 

Month: Jan Feb Mar Apr May June July Aug Sep Oct Nov Dec 

Mean (cm) 43.0 44.7 56.6 41.0 74.9 133.2 227.4 301.6 339.2 298.9 154.4 88.9 

δ (cm) 51.4 48.9 72.9 54.0 69.8 64.4 41.2 54.0 54.7 50.5 84.6 50.3 

 
The water regime is conditioned not only by rainfall but also by physiographic 

condition. The fields, both cultivated and natural, can be classified into upland, 
lowland and river flood plain, although there are various other conditions. 

The water level in river flood plains varies in accordance with rainfall. The data 
for the Sokoto River basin, made available for us through the courtesy of the 
Sokoto-Rima Basin Development Authority's office at Bernin Kebbi, are recomputed 
and summarized in Table 2. The water level rises in June and falls in November, while 
it shows large standard deviations in March and November. It also changes day by day, 
sometimes exceeding 50 cm a day. The change in water level should impose a stress on 
plants. 

2. Soils 

As is well known, soils are influenced not only by the parental rock but also by 
climatic and physiographic conditions. They are more acidic in humid forest and more 
alkaline in arid savanna. Alluvial and hydromorphic soils are distributed in river 
basins, reddish ferruginous soils on uplands, and airborn halomorphic soils in the 
northern arid area. Reddish lateric soils are typical of the Guinea zone, with which 
termites build their big nests. 
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Table 3. Soil pH values and mineral contents, means for collection sites (by Fujidaira 
FHK tester) 

Physiography Site code Place 
(State) 

pH N ppm P2O5 MgO 
ppm 

Ca 
% 

Al2O3 
ppm 

Mn 
ppm 

NO2 NO3 Available 
ppm 

Coef. 
fix.* 

Lowland M-1 Maiduguri 
(Borno) 

5.8 1> 10> 88 658 350 0.2< 300< 27 

 CH-1 37 km N of 
N'Djamena 

6.2 1> 50 73 500 350 0.2< 300< 50< 

 CA-3 50 km W of 
N'Djamena 

5.9 4> 10> 10 1250 350 0.2< 300< 25 

 AR-5 Arugungu 
(Sokoto) 

5.5   10      

 AR-7 " 5.5 1> 10> 1 850 350 0.1 300< 25 

Upland B-11 Badeggi 
(Niger) 

5.7 1> 5> 1  200 0.07> 200 25 

 P-11～14 Potiskum 
(Borno) 

5.7 1> 10> 114 500> 200 0.1 175 30 

 M-11 Maiduguri 
(Borno) 

6.2 1 10> 5 500> 350 0.15 150 50< 

 M-12 " 6.5 1> 10> 3 500> 350 0.15 150 25 

 BM-11 Bama 
(Borno) 

5.6 1 10> 75 500 350 0.13 300 25 

 BM-12 " 5.9 1> 10> 25 500 350 0.2< 175 25 

 BM-13 " 6.0 1> 50 28 500> 200 0.1 175 25 

 NG-11 Ngala 
(Borno) 

6.9 1> 10> 433 500> 350 0.1 150 25 

 AR-11 Arugungu 
(Sokoto) 

5.0 1> 10> 1 500> 50 0.07> 300< 25 

Lowland, 
Thailand 

A Klong Luang 5.0 1> 10> 15 650 350 0.2< 300< 10 

 B Saraburi 5.5 3 100 1 650 350 0.2< 300< 10 

 C Ayuthaya 5.8 1> 10> 5 650 350 0.2< 300< 25 

 E Antong 5.8 1> 10> 3 650 350 0.2< 300< 10 

Experimetal 
field 

  Misima 6.7 1> 120 30 2000< 335 0.2< 300< 9 

* mg P2O5 absorbed and fixed by 100 g soil
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The soil samples collected, together with a few from Thailand and our 
experimental field in Misima, were tested for pH value and mineral contents. The 
results are summarized in Table 3. The soils from swampy depressions were more 
acidic and contained more aluminum and calcium than those from upland. The content 
of available phosphoric acid greatly differed from site to site. 

C. Natural Vegetation 

1. An overview 

Tropical rain forest develops along the coast of West Africa covering a breadth of 
about 200 km, and is delimited by the line of about 1,500 mm rainfall. It consisted of 
well-developed four strata, i.e., tall evergreen trees, lower trees, shrubs, and herbs, 
and the edge was fringed by climbers and tangles. Going toward north, we found trees 
becoming more sparsely scattered and shorter, some being decidious, and grasses 
occupying the intervals between trees. In the transition zone between forest and 
savanna, valleys were under forest (with many oil palms), while uplands were covered 
by grasses and short trees. 

 

Fig. 3. Map of West Africa showing the savanna zones. (after Hopkins 1974, p.50) 

 
Usually, the savanna of West Africa is classified into three zones called Guinea, 

Sudan and Sahel, respectively (Hopkins 1974; Fig. 3), though the distinction is not 
always clear. The Guinea zone lying north of the forest zone is about 400 km broad and 
occupies nearly a half of the territory of Nigeria. There, rainfall is about 1,000 to 1,500 
mm and the length of dry season is 4 to 5 months. This zone is characterized by a 
mixture of trees and tall grasses (1.5 to 3 m high) which are predominantly perennial, 
and is called "woodland savanna". According to Hopkins (1974), the vegetation in this 
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zone, though it is secondary, is not much destroyed by man as the population is 
relatively low because of generally low soil fertility and depopulation due to the slave 
trade in the past. 

When we visited this zone in the beginning of the dry season in October, the 
upland was completely dry but the grasses were still green. We observed that Acacia 
and other trees in this zone were generally thornless but had many lateral branches. 
The advantage of this type of trees when subjected to fire has been pointed out by 
Hayashi and Numata (1976). 

The Sudan zone, extending 150-300 km in the north of the Guinea zone, is called 
"bush savanna". The average rainfall is 60 to 100 cm and the dry season lasts 6 to 7 
months. The physiognomy of vegetation is characterized by the presence of baobab or 
bottle trees (Adansonia digitata) and thorny species of Acacia. Baobab is a tall tree 
(sometimes exceeding 10 m in height) with a big trunk (up to 3 m in diameter). The 
Acacia trees spread branches covering an area reaching 10 m in diameter, and their 
lower branches have strong thorns, 2 to 3 cm long. Grasses grow 1 to 1.5 m high, and 
many of them are annuals. This zone in the northern states of Nigeria has been heavily 
populated for a historical time, and consequently the vegetation has been profoundly 
modified by human activity. 

When we visited in late October, the grassland was already yellowish. A greater 
part of the plain we observed along the road was cultivated, to which sorghum, 
different species of millet, pearl millet, corn, cowpea, groundnut, cassava, etc. were 
planted. 

The Sahel zone lies between the Sudan zone and desert. The annual rainfall 
amounting to 200 to 600 mm on the average is uncertain, and the plants are subjected 
to drought stress. Short annual grasses and shrubs with small leaves and thorny stems 
are sparsely scattered on the half-bared ground. 

The above description of the three zones is concerned with the savanna on upland. 
But the vegetation is strongly influenced by physiographic conditions. The lowland 
along rivers, inundated in the rainy season, provide the plants with more favorable 
niches. Even in the Sahel zone, depressions are inundated in the rainy season and 
retain water for a certain period after the end of the rain. Wild rice species were found 
mainly in such swampy lowland in the Sudan and Sahel zones, growing together with 
other grasses and sedges. Trees also differed between the upland and lowland. For 
instance, Acacia seyal with red bark was on the upland and A. nilotica with black bark 
in the lowland. 

Further, there were small hills made of a big rock of granite (called "Bornhardt", 
about 50 m high) that were peculiar to the Nigerian savanna. A few plants were found 
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in the cracks of the rock, and a vegetation consisting of grasses and shrubs on the base 
with pieces of rock fragments. 

2. Microgeographic distribution of plants in the savanna 

Profile sketches were taken at 20 sites of observation. A few representative ones 
are shown in Figs. 4, 5, and 6. A profile obtained at the margin of a river flood plain 
(the Sokoto River, called "Fadama") some 4 km north of Sokoto (SO-6 & SO-11; 
November 4) is shown in Fig. 4. There, between the terrace slope and the river, 10 
zones with different vegetations were distinguished. 

Zone 1 was the slope surfaced by "duricrust" blocks, where low shrubs (30 cm 
high) and scattered plants of an Ipomoea species (possibly I. asariforia) were found 
(20 % in total cover). Zone 2 was a field which was planted to Sorghum vulgare; the 
sorghum population contained a wide range of variation from cultivated to wild type. 
Striga gesnerioides (a parasitic plants with pink flowers) and other weeds were found 
in the field. Zone 3 was occupied by Oryza longistaminata (cover about 90 %), an 
Ipomoea species (50 %), Indigofera secundiflora (7 %), and two other species. Zone 4 
was covered by a pure stand of O. longistaminata. Zone 5, the ground level being about 
25 cm lower than that of Zone 4, was covered by an almost pure stand of a Cyperus 
species (possibly C. haspan) though four other species were also found. Zone 6 was 
located on a shallow river bed (with running water in the rainy season), and had a low 
plant cover (40 % in total) consisting of Centrostachys aquatica, Echinochloa stagnina, 
Aeschynomene species and two others. Zones 7 and 9 were occupied by O. 
longistaminata similarly as was Zone 3. Zone 8 between the above two had an about 10 
cm lower level of ground than the both sides, and was colonized by a Cyperus species in 
the same manner as was Zone 5. Zone 10 was a river bed depressed by about 50 cm 
from the edge, but was already dry when we visited. There was no plant except for a 
Nymphaea species (lotus, cover about 7 %), but the soil was full of rhizomes of O. 
longistaminata and other plants. 
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Zone 1. Slope covered by "duricrust". Ipomoea sp. and small shrubs scattered. 2. 
Sorghum field. 3. Alluvial silt. Oryza longistaminata (90%), Ipomoea sp. (50%), 
and Indigofera secundiflora. 4, 7 & 9. O. longistaminata (100%). 5 & 8. Cyperus 
and 4 other species. The ground level is some 10 cm lower than that of 4, 7 & 9. 6. 
A low plant cover (40% in total) because of water run in the rainy season. 
Centrostachys aquatica, Echinochloa stagnina and 3 other species. 10. River bed 
with no water. Many rhizomes in soil. A few lotus plants. 

 
Fig. 4. Profile of savanna in a river flood plain ("Fadama") near Sokoto (SO-6 and 

So-11). 

 
A profile sketch for a roadside depression (KN-3, 251 km east of Kano along the 

road for Kira; October 20) is shown in Fig. 5a. The vegetation could be divided into 6 
zones. Zone 1 on the slope of road embankment was colonized by a Setaria species with 
purple heads. It was followed by Zone 2 consisting of Pennisetum pedicellatum (cover 
30 %) and Sporobolus pyramidalis (70 %). Zone 3 was a belt of Oryza longistaminata 
(100 %). Zone 4 (fringe of water) was occupied by Eleocharis acutangula (100 %). Zone 
5 (in water) was colonized by Cyperus pustulatus. Lotus was found in deep water (Zone 
6). 

A similar profile in Fig. 5b shows the fringe of a pond 2 km west of the gate of 
Maiduguri (M-1; October 22). At this site, Oryza longistaminata was together with a 
Cyperus species on the flat land of silted clay surrounding the pond (Zone 1). They 
were heavily grazed, the remaining cover being about 40 percent. Oryza breviligulata 
was found along the shore and in the pond. Zone 2, where the land was dry when we 
visited, had a mixture of O. breviligulata (15 %) and Panicum repens (90 %). Zone 3 
was covered by O. breviligulata (100 %). In the pond (Zone 4), there were scattered 
plants of the same species (cover about 60 %). As observed at this site, O. 
longistaminata and O. breviligulata often occurred side by side, the former occupying a 
higher zone than the latter. 
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a) Zone 1. Setaria sp. 2. Pennisetum pedicellatum (30%) and Sporobolus 

pyramidalis (70%) 3. Oryza longistaminata. 4. Eleocharis acutangula 
(100%). 5. Cyperus pustulatus (100%). 6. Nymphaea sp. 

 
b) Zone 1. Oryza longistaminata (40%) and Cyperus sp. (40%), grazed. 2. O. 

breviligulata (15%) and Panicum repens (90%). 3. O. breviligulata 
(100%). 4. O. breviligulata (60%). 

 
Fig. 5. Savanna profiles at the margin of depressions. 

a) KN-3, 251 km east of Kano for Kira. 
b) M-1, 2 km west of the gate of Maiduguri. 
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Zone 1. Eragrostis sp. (cover 40%) with scattered Acacia trees. 2. Eragrostis 
sp. (cover 100%) with 3 other species. 3. Eragrostis sp. (80%), O. 
breviligulata (40%), Mariscus sp. (15%), and Ipomoea aquatica (5%). 4. 
O. breviligulata (80%). 5. Nymphaea sp. (70%) and Ipomoea aquatica 
(10%). 

 
Fig. 6. Savanna profile at the margin of a depression in Chad. CH-1, 37 km north of 

N'Djamena. 

 
Another profile sketch shown in Fig. 6 represent the fringe of a depression 

surrounded by arid savanna in the Sahel zone (CH-1, 37 km north of N'djamena; 
October 26). The savanna vegetation consisted of poorly developed stands of a short 
annual grass (Eragrostis sp.) intervened by bare land (cover about 40 %). The soil was 
yellowish fine sand with hard crust, and there were scattered shrubs of Acacia seyal 
(about 4 m high, mainly along the fringe of the pond). Zone 1 represents such a dry 
savanna. Close to the shore of the pond (Zones 2 and 3), the grasses grew better, and 
scattered plants of a sedge (Mariscus sp.) and a few other species were found. The pond 
was fringed by Oryza breviligulata and Ipomoea aquatica (Zone 4). Lotus was found in 
the pond (Zone 5). 
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1. Graminea sp.  2. Leguminosae sp.  3. Digitaria horizontalis 
4. Cenchurus biflorus 

 
Fig. 7. Profile of bush savanna in the suburb of Maiduguri (M-11 and M-12). The 

distribution of herbal species is influenced by trees. In addition to shading, the 
thorny branches protect small plants from grazing. 

 
Further, a profile sketch of bush savanna (M-11 & M-12, 24 km west of 

Maiduguri; October 23) is given in Pig. 7. The figure shows that the shade of trees 
gives a niche for different herbal plants. 

From these observations, it may be asserted that a small difference in relative 
elevation, sometimes less than 10 cm, result in habitat segregation between plant 
species. As the level of water which is high in the rainy season rapidly goes down after 
the end of the rain (several centimeters a day), the microgeographic difference in 
elevation may be regarded as representing a difference in the time relation of changing 
water conditions. The shading by trees may also be regarded as conditioning water 
regime. It may be inferred that most plant species are adapted to a certain range of 
moisture supply which is the general optimum. But they would differ not only in the 
tolerance to water stresses but also in competitive ability and its relation to water 
conditions, and these differences would bring about habitat segregation. It seems that 
when plants are subjected to strong water stresses, habitat segregation can result from 
a small difference in water condition.
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3. Herbal species found in savanna vegetation 

On the basis of herbarium specimens collected from observation sites, a total of 
117 species (not including Oryza species) were identified as listed in Appendix II. Of 
them, 26 species were trees and 91 were herbs. Of the 91 herbal species, 57 were found 
in upland savanna, 25 in or at the fringe of swamps, and 22 in rice field. The rice fields 
were generally dry when we visited though they should be inundated in the rainy 
season. 

As zonal distribution was often observed along the fringe of depressions, records 
for a swampy depression were taken from the zones which were deemed to have been 
inundated in the rainy season. Four species (Nos. 27, 43, 69, and 74, in Appendix II) 
were found from both upland and depression. Seven (Nos. 25, 38, 49, 53, 58, 65, and 
108) were in upland and rice field, and two (Nos. 30 and 31) were in depression and 
rice field. There was no species commonly found from all the three kinds of habitats. 
The percentage of annual species was 59 % in upland savanna, 48 % in swampy 
depression, and 73 % in rice field. 

The pattern of association of major herbal species was examined by classifying 
the observed sites into upland and lowland (depression and rice field). Species found at 
3 or more sites were chosen, and correlation coefficients between them were computed 
on the basis of percent cover recorded for each species at respective sites (Table 4). 
Only a few significant correlations were found. This suggested that many species 
coexisted in random combinations. Exceptionally, Monocymbium ceresii (No. 41) and 
Borreria radiata (No. 107) appeared to be associated in upland savanna. In lowland, 
Oryza longistaminata tended to be associated with Mangifera indica (No. 8), and O. 
breviligulata with an Eragrostis species (No. 67). In the rice field, Jussiaea abyssinica 
(No. 92) appeared to be an accompanying weed of O. sativa. However, in view of the 
small number of observations, whether or not these associations are really significant 
may be doubted. 
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Table 4. Pattern of species association as shown by correlation of percent cover 
recorded at respective sites 

 
a) Upland savanna (n = 20) 

Species 12 22 38 41 43 47 72 98 

No. Name 

12 Cassia tora (P)         

22 Commelina africana (A) -.12        

38 Pennisetum pedicellatum (A) -.13 .27       

41 Monocymbium ceresii (P) -.09 -.15 -.21      

43 Eragrostis tremula (A) -.23 .17 .03 .20       

47 Cenchrus biflorus (A) -.14 .15 .08 -.08   .17    

72 Digitaria horizontalis (A) .05 -.14 -.20 -.17   -.28 .02   

98 Indigofera secundiflora (P) -.13 .20 -.09 -.16   .08 .11 -.16  

107 Borreria radiata (A) -.10 -.10 -.14 .65** -.10 -.12 -.12 -.11 

 
b) Inland depression and rice field (n = 22) 

Species 92 113 L B P S G 8 30 

No. Name 

92 Jussiaea abyssinica (A)          

113 Melochia corchorisfolia (A) -.09           

L Oryza longistaminata (P) -.19   -.07        

B " breviligulata (A) -.19   -.18 -.23        

P " punctata (A-P) -.11   -.10 -.20  .17       

(Rice field)           

S Oryza sativa (A-P) .56** -.20 -.36  -.40  -.07     

G " glaberrima (A) .20   .22 -.22  -.45  -.23 .23    

8 Mangifera indica (P) -.12   -.11 .47*  -.04  -.14 -.23 -.21   

30 Cyperus pustulatus (A) -.10   -.09 -.08  -.19  -.11 -.19 .16 -.04  

67 Eragrostis sp. (A?) -.10   -.09 -.03  .50* -.05 -.23 -.27 -.12 -.30 

A: Annual, P: Perennial   * Significant at 5% level, ** at 1% level 
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4. Species diversity, biomass and their interrelation 

Observations were recorded on the plant height and percent cover of major herbal 
species at each site, as mentioned. The biomass of each species was estimated in terms 
of plant height x percent cover, and its percentage to the total biomass estimate (sum 
for all species) was computed for each species. On the basis of percent biomass (p), 
species diversity at each site was evaluated by the amount of information, H = 
-Σpilogepi. Equitability was shown by H/Hmax where Hmax = loge(no.of species). 
Dominance may be shown by 1 - H/Hmax (Morishima and Oka, 1977). The distributions 
of H and H/Hmax are given in Table 5. 

Table 5. Habitat disturbance, plant diversity and equitability 

Degree of disturbance Species diversity (H) Equitability (H/Hmax) 

0 0.5 1.0 1.5 2.0 0 0.2 0.4 0.6 0.8 1.0 

Upland,            

0 (Natural)   4 4 1    1 8  

1-2 (Grazed) 1 2 5 1   1 1 4 1 2 

3 (In or close to crop 
field) 

  1 3      3 1 

Lowland,            

0 (Natural)   3       3  

1 (Roadside or 
partly grazed) 

1 4 2   1  1 4  1 

2 (Close to crop field 
or heavily grazed) 

2 7 3 3  2  3 4 5 1 

3 (Rice field)  3 10 5 2  1 1 8 8 2 

 
The data in Table 5 show that rice fields had a high species diversity indicating 

the occurrence of many weed species. Natural or non-disturbed sites also showed a 
high species diversity. Roadside and the fringe of crop fields, as well as grasslands 
under grazing tended to have lower species diveristy. This relation was more clearly 
recognized in the estimate of equitability. Both natural savanna and rice field tended 
to have higher equitability than disturbed sites. 
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Fig. 8. Scatter diagrams showing the interrelation between total biomass estimate and 

species diversity. 

 
It is a general trend of plant communities to reduce diversity and equitability in 

response to unpredictable changes in the condition of habitat. Possibly, seasonally 
scheduled disturbance of the field for cropping acts as "predictable" stresses and brings 
about a stable condition for weedy plants. 

It was found that species diversity and total biomass estimate were significantly 
correlated in upland savanna (r = 0.47, n = 22, 5% level) as well as swampy depression 
and rice field (r = 0.33, n = 42, 5% level), as shown in Fig. 8. This suggests that, as 
discussed by McNaughton and Wolf (1970), habitats with a large carrying capacity can 
admit many species. 

 



 

 
- 273 - 

 
Fig. 9. Total biomass estimate (a) and species diversity (b) scattered against latitude. 

 
Both total biomass estimate and species diversity in the upland savanna showed 

weak negative correlations with latitude (r = -0.27 and -0.28, respectively; both being 
non-significant, n = 23). When non-disturbed sites only were examined, as shown in 
Fig. 9, stronger correlations with latitude were obtained (r = -0.74 between total 
biomass and latitude, n = 9, 5% level; r = -0.54 between species diversity and latitude, 
non-significant). The negative correlation between latitude and biomass seems to 
imply that the higher the latitude, the shorter would be the growing season, and the 
smaller the biomass. Accordingly, species diversity would also decrease. 

In swampy lowland and rice field, total biomass was also negatively correlated 
with latitude (r = -0.42, n = 24, 5% level; Fig. 9a). However, species diversity tended to 
be higher at high latitudes (r = 0.41, n = 23, 5% level; Fig. 9b). 
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Fig. 10. The proportion of annual species compared with rainfall (a) and its coefficient 

of variation (b). 

 

5. Proportion of annual species 

The proportion of annual species at each site was estimated on the basis of 
percent biomass obtained for respective species which were classified into perennial 
and annual groups. Generally, the higher the latitude, the higher was the proportion of 
annual species (r = 0.82 for 19 savanna sites, 1% level; r = 0.67 for 10 lowland sites 
excluding rice field, 5% level). As expected, the proportion of annual species was 
negatively correlated with rainfall (r = -0.78 for 19 savanna sites, 1% level; r = -0.78 for 
10 lowland sites; 1% level) as shown in Fig. 10a. It was also correlated with the 
coefficient of variation in rainfall, indicating that annual habit is advantageous under 
unpredictable environment (Fig. 10b; r = 0.87 for 10 lowland sites, 1% level). This is in 
good agreement with the data for desert vegetations in North America presented by 
Cody and Diamond (1975, p.144). 

6. Influence of human activity on vegetation 

The savanna is exposed to grazing by livestock in varying degrees. It is said that 
grazing increases annuals against perennial species, though data showing this trend 
were not made available for us. According to de Leeuw (l97l), the savannas in the 
northern states of Nigeria are overgrazed while those in the southern states can carry 
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more cattle. However, the distribution of livestock is conditioned by the tze-tze flies. 
Possibly, the savanna vegetations are influenced by the flies. 

The carrying capacity of a grassland for animals depends on its productivity, 
which can be estimated by the amount of dry matters present at the end of the rainy 
season. According to de Leeuw (1976), it ranges from about 4,500 kg/ha in the south to 
200 kg/ha in the north which is the minimum for raising cattle. Perennial grasses have 
higher productivity than annual grasses. Planting leguminous plants like Stylosanthes 
humilis and S. hamata increases the carrying capacity to some extent. 

The savanna is usually burned during the dry season to promote the sprouting of 
grasses in the next season (Hopkins, 1974). The fire damages trees in varying degrees 
according to the species or the position of cambium layer beneath the bark. Acacia 
trees are considered to be tolerant to fire as compared with other trees. Burning in late 
dry season is more detrimental for the trees than that at an earlier time. We have seen 
a few cases of burned savannas during our trip. Perhaps because it was in the early dry 
season, trees did not seem to be badly damaged. 

According to Rain (1968), the forest can expand toward much more northern zone 
than it is at present if not destroyed by man. We have observed in the Guinea zone a 
well-developed forest of tall trees that appeared to be in the state of climax, along the 
highway (Route 1) between Kontagora and the Niger River. In the Sudan zone, also, 
the Gijia Forest Reserve near Arugungu (Sokoto State) was covered by a forest, in 
which tall (10 m high, 20 % cover) and lower (6 m high, 10 % cover) trees were 
scattered in the bush (3 m high, 90 % cover, Guiera senegalensis predominated) and 
grasses were scarce. In other places, we observed that forest developed on the slope 
between terraces (pediplains) possibly because the slope was less affected by man than 
flat plains. 

From observations of the Gijia Forest Reserve and surrounding areas, the 
successional sequence that would follow if human activity receded was assumed as 
follows: Shrubs increase in the grassland. When their cover exceeds 30 percent, taller 
trees gradually increase replacing Acacia trees. It seems that the present physiognomy 
of savannas have resulted from human disturbance, particularly from burning, grazing, 
and cropping. The retreat of forest from a large area may result in some climatic 
change. Possibly, this has something to do with the claimed problem of desert 
expansion. 
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D. Wild Rice Species 

1. An overview 

Two cultivated and six wild species of Oryza are known in Africa. They are: 

O. sativa L. (the common rice, tropical Asian origin), 
O. glaberrima Steud. (endemic to West Africa, cultivated), 
O. longistaminata Chev. et Roehr. = O. perennis Moench subsp. barthii, 
O. breviligulata Chev. et Roehr. (the wild progenitor of O. glaberrima), 
O. punctata Kotschy (= O. schweinfurthiana, belonging to O. officinalis complex), 
O. eichingeri Peter (endemic to East Africa, O. officinalis complex), 
O. brachyantha Chev. et Roehr. (endemic to West Africa), and 
O. tisseranti Chev. (a rare species). 

In addition, O. perrieri Camus is known in Madagascar. The wild species we 
observed during our present trip were O. longistaminata, O. breviligulata, and O. 
punctata. Observations on O. brachyantha and O. tisseranti were reported by Oka and 
Chang (1964). 

The two cultivated species (O. sativa and O. glaberrima) as well as their 
respective wild relatives (O. longistaminata and O. breviligulata) have the same 
number of chromosomes (n = 12, genome A) which normally pair in their F1 hybrids. 
But they are isolated from one another by F1 pollen sterility and other reproductive 
barriers (Chu et al. 1969a). O. punctata and three other wild species are more distantly 
related to the cultivated species and their wild relatives. The rate of success of 
hybridization is low, and even though crosses are made, the chromosomes do not pair 
in the F1 plants. 

Unfortunately, the names of Oryza species are in confusion. There are only 22 
valid species in the genus (Tateoka 1964), while 85 (registered in the Kew Index) or 
more names have so far been documented. The rhizomatous wild species having 
perennis-like characters can be regarded as the African form of O. perennis complex 
(Morishima 1969). O. perennis subsp. barthii was the name tentatively adopted for 
this species at the Symposium on Rice Genetics and Cytogenetics held at the 
International Rice Research Institute in 1963 (IRRI 1964). From reexamination of 
taxonomic literature, Clayton (1968) claimed that the correct name for this species 
should be O. longistaminata, and that the annual species so far referred to as O. 
breviligulata should be called O. barthii. Although this is the taxonomic convention, 
such changes increase confusion. At present, the names generally used by rice workers 
in Africa for these two species are O. longistaminata and O. breviligulata. In this 
report, we use these names though in our other papers we use O. perennis subsp. 
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barthii in place of O. longistaminata. 

Observations on three wild species we have found are summarized below. 

2. O. punctata 

This wild species belonging to the O. officinalis complex is widely distributed in 
Africa. It is known that there are 2X (2n = 24) and 4X (2n = 48) forms in this species 
(Tateoka, 1965). Those distributed in South Africa are called O. schweinfurthiana. A 
closely related species, O. eichingeri is distributed in East Africa. The genome of 
diploid punctata strains was considered to be B, a genome of an Asian tetraploid 
species, O. minuta (Katayama and Onizuka, 1978). 

We have observed a natural population of this species (MP-1) on the campus of 
National Cereals Research Institute at Moor Plantation, Ibadan. It was a small 
population consisting of some 50 plants with a cover of about 30 %, coexisting with 
Azadirachta indica (Meliaceae). The habitat was along a small river (some 10 m wide) 
and partly shaded by tall trees. This site was once visited by Oka and Chang in 
November 1963. Visiting again, Oka could find little change in the outlook of the 
habitat. The habitat may be considered quite stable even though it is inside the 
campus of an experiment station. The plants had no rhizomes, but seemed to be 
perennial. The plants obtained from the seed collected in 1963 could be kept alive for 
several years in our greenhouse at Misima. The small river in the humid forest seems 
to hold water throughout the year. 

Another type of habitat of this species was observed in the Sahel zone along the 
southern shore of Lake Chad. There, the plants were under full sunshine or little 
shaded by thorny Acacia trees. In newly open and irrigated rice fields belonging to the 
Pilot Project of Chad Basin Development Authority at Ngala (NG-1), punctata plants 
were also found scattered in and along the fringe of rice fields as a weed. Observations 
on the habitats of this and other wild Oryza species are summarized in Table 6.
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Table 6. Data on the habitats of wild Oryza species 

Species Population size 

(a = 100 m2) 

Water depth 

(cm) 

Degree of 

disturbance* 

    

<1 1-10 >10 0-5 20 40 60< 0 1 2 3     

O. punctata 5  2 6 1   3 1 1 2     

O. longistaminata 5 7 15 10 9 6 3 1 3 11 12     

O. breviligulata 4 1 12 6 7 1 3 2 4 5 6     

Species % cover Biomass estimate 

(Cover x Height) 

Diversity (H) of sympatric 

species 

20 40 60 80 100 20 60 100 140 180 0 0.5 1.0 1.5 2.0 

O. punctata 3 1 3    6 1        4 1  

O. longistaminata 8 4 4 6 5 8 8 5 4 2 3 7 9 6 1 

O. breviligulata 4 2 7 3 1 11 5   1     4 6 4 2 

* 0: Natural,  1: Roadside,  2: Adjacent to crop field or heavily grazed,  3: In rice field 

Further, a dense population of O. punctata was found in a roadside depression, in 
which they coexisted with Ipomoea aquatica. Its cover was about 50 %. In a large 
shallow marsh in northern Cameroun which was already dry when we visited in late 
October,(CA-3), this species was sympatric with O. breviligulata which was 
predominant over the area. There were scattered Acacia trees, and punctata plants 
tended to occur under the trees and O. breviligulata occupied more open space between 
trees resulting in a medium degree of habitat segregation. In a natural depression in 
Chad which still retained water in late October (CH-2), punctata was sympatric with 
both breviligulata and longistaminata showing habitat segregation with them in 
relation to the shading by trees. 

The plants found in the Sahel zone seemed to be of annual habit, as they 
produced much seed and were going to die when the land was parched. In the 1963 trip, 
Oka bought a handful of partly pollished breviligulata grain from the market of Fort 
Lami (presently N'Djamena), in which a few seeds of punctata were found mixing. The 
plants from the seeds were annuals and produced many seeds when tested in our 
greenhouse at Misima. Therefore, the punctata plants in the Sahel zone may be 
considered annual. 

Thus, two different ecotypes of O. punctata are found. Whether they are diploids 
or tetraploids remains to be investigated.
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3. O. longistaminata, the African form of O. perennis complex 

This species is distributed throughout Africa and Madagascar, and is commonly 
found in marshes and marshy rice fields. It is characterized by its rhizomatous habit 
and partial self-incompatibility (Chu et al. 1969b). It is predominantly cross-pollinated, 
but is isolated from its relatives by a crossing barrier (Chu and Oka, 1970a). Yet, its F1 
plants with O. sativa and O. glaberrima were obtained at a low rate of success of 
crossing (3-5 %). Natural hybrids of this species with coexisting cultivated rice were 
also detected, which were called "Obake" (Chu and Oka, 1970b). This suggests that the 
populations can serve as a gene pool contributing genetic variations to cultivated rice. 
Whether or not genes introduced from this wild species exist in O. glaberrima and in 
African native varieties of O. sativa may be checked by careful examinations of 
isozymic variations. 

This species was found in a marsh near the coastal mangrove swamp in Sierra 
Leone (Oka and Chang, 1964). In Nigeria, however, it was not found in the coastal 
region. The southernmost site where this species was found was Bida (8.9°N, Guinea 
zone). This was also the case in Ivory Coast (found at Korhogo, 9.3°N; Oka and Chang, 
1964). At Abidjan (in the forest zone, 5.4°N), when experimentally planted, this species 
do not easily produce panicles possibly because of insufficient sunshine, and is often 
damaged by a Cercospora-like disease. This was learned from Mr. G. Bezancon, 
ORSTOM, Centre d'Adiopodoume. 

We have observed 27 populations of this species. They were in swampy 
depressions or in rice fields. All the plants examined had rhizomes. Usually, the plants 
made a clump of varying sizes which seemed to have arisen from rhizomatous 
propagation of one or a few plants. In the clump, other species were rare, suggesting 
the strong competitive ability of this species. Scattered single plants were also found in 
a rice field (B-3, Badeggi) and in abandoned rice fields (WU-3 & WU-5, Wurno). They 
might have come from seed reproduction. 

Table 7. Fertility distributions among O. longistaminata plants 

Fertility (%) 0 10 20 30 40 50 60 70 80 90 100 No. of 

plants 

Pollen    1  1  1 3 12 6 24 

Seed 1   1 1 1 1   2 3 1   11 

 
The poorly developed awns of the seed seem to indicate their low dependency on 

seed reproduction. Such vegetatively propagating populations would contain sterile 
plants as genes causing sterility are not eliminated rapidly. An observation of pollen 
and seed fertilities with panicles collected from the populations showed that some of 
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the plants were seed-sterile though many had high pollen fertilities (Table 7). 

It is known that the populations of this species contain a large amount of 
electrophoretic variations of enzymes (Bezancon et al. 1977b). However, the 
populations were quite uniform in outward appearance. The only exception was a 
difference in awn color (red vs. white) observed in 6 populations. In a small roadside 
depression (K-1, between Kaduna and Zaria) which was divided into two parts by an 
enbankment, we found that the plants in the two parts differed in maturity and 
panicle shape. Presumably, they came from different clones. 

O. longistaminata is a bad weed in swampy rice fields in the Sudan zone. The 
plants are hardly distinguishable from cultivated plants before they produce panicles, 
and the application of herbicides (like Saturn E.C., Stam F34, etc.) proved ineffective. 
The traditional method of control practiced by farmers in the "Fadama" (river flood 
plain, in Sokoto State) is to cut the stems when the field in flooded to let the remaining 
part of the plants drown and rotted. 

When the habitat is not inundated, the plants are often grazed by animals. Some 
farmers in the "Fadama" area harvest the stems and leaves in early dry season to 
make hay. 

4. O. breviligulata, the wild progenitor of O. glaberrima 

This is an annual species distributed mainly in swampy depressions in the Sudan 
and Sahel zones, and has similar characters as of O. glaberrima. There is no particular 
reproductive barrier between the two species except that an F1 weakness is 
occasionally found in crosses between strains of this group (Chu and Oka, 1972). The 
breviligulata-glaberrima series is isolated from O. longistaminata by a crossing barrier 
as already mentioned, and from O. sativa by F1 pollen sterility. The populations were 
in isozymes less polymorphic than those of O. longistaminata, but the variations 
among populations were remarkable (Bezancon et al. 1977a). A continuous array of 
intergrades between breviligulata and glaberrima was found in certain populations in 
disturbed habitats like abandoned fields (Morishima and Oka, 1970, p.38l). O. 
breviligulata is considered to be the wild progenitor of O. glaberrima (Porteres, 1956; 
Morishima et al. 1963). 

We have observed 19 populations of this species. Seven of them found in Chad 
and northern Cameroun were in large natural depressions (over 1 ha) retaining water 
or already dry in late October. In northern Cameroun (between the Nigerian border, 
Gambaru, and N'Djamena, Chad), this species was a predominant grass occupying a 
large area where Acacia trees were scattered. Four smaller populations observed along 
the road between Maiduguri and Ngala were in roadside depressions which were made 
by man for road construction. On the other hand, 7 populations found in Sokoto State 
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consisted of plants which were sparsely scattered in the field of O. glaberrima in 
"Fadama". Two populations were found in depressions where rice had been planted in 
previous years (abandoned field). In these populations, the plants were variable in 
grain shape and other characters, and some of them resembled O. glaberrima 
suggesting their derivation from hybrid between the wild and cultivated species. Such 
plants, called "stapfii", take part in the continuous array between breviligulata and 
glaberrima mentioned above. Further, a few tall plants with big leaves and panicles 
and resembling O. longistaminata were found in a waste land beside rice field (AR-4). 
They grew together with O. longistaminata and an Echinochloa species. 

The depth of water in the habitat ranged from 0 to 1 m when we visited (Table 6). 
A rapid receding of water was observed at the advent of the dry season. The kneeing 
habit (panicle-bearing stems stand up after the plants once lodged in accordance with 
receding water) indicated the floating ability of the plants. In the inland delta of the 
Niger in Mali, populations of this species were found growing at a depth of several 
meters (Oka and Chang, 1964). 

O. breviligulata did not seem to be grazed much, possibly because the plants were 
in water and had strong awns. In contrast, O. longistaminata which occurred at 
somewhat elevated places when sympatric with O. breviligulata, tended to be more 
heavily grazed. This difference was clear at the fringe of a pond near Maiduguri (M-1; 
Fig. 5b). In northern Cameroun where this species was dominant over a large area, it 
was partly grazed. There, scattered Acacia trees having sharp thorns on lower 
branches seemed to protect the panicles of this species from grazing. 

In some villages in Chad and northern Cameroun, the people collect the grain of 
O. breviligulata for food. They do not grow rice, and they eat wild rice. Visiting a 
village, Tom Marefinn (about 70 km north of N'Djamena, with Messrs. G. Second and A. 
Borgel of the ORSTOM on October 26), we learned that two different methods were 
used for harvesting the wild rice, one by tying up about 20 panicles together to make a 
bundle so as to preserve the grain from natural shedding, and the other by sweeping 
the panicles in a natural stand with a basket. The first method is used in a dense stand, 
and the second method for a sparse stand by women. The density of plants differed 
from place to place even in the same population. If there are 50 good panicles per m2, 
the total grain weight will be 100 g or less, and if a half of the grain can be collected, 
harvest will be 500 kg per ha. This might be a maximum estimation, and corresponds 
to about one tenth of the grain yield from modernized rice culture. 
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5. Comparison of habitats among species and their sympatric relations 

Conditions of the habitats of three wild Oryza species we have observed are 
summarized in Table 6. The table shows that in all the three species, populations differ 
in size from very small (scattered plants in a small patch) to much larger one, and the 
habitats had varying water depths indicating that they retain water for different 
periods after the last rain. The habitats were disturbed by man or grazed in different 
degrees, and the populations also varied in a wide range in percent cover. In these 
respects, no particular difference could be detected among the three species. 

In biomass (plant height x cover), O. longistaminata had larger value than other 
species. The diversity of coexisting plant species also seemed to be smaller in O. 
longistaminata populations than in those of other species. This suggests that O. 
longistaminata has a strong competitive ability with other plants on account of its 
rhizomatous habit. 

In many places, two or more Oryza species were found growing together. The 
sympatric relationships found among the three wild and two cultivated Oryza species 
are given in Table 8. The data from Oka and Chang's trip in 1963 are also shown in the 
lower part of the same table for comparison. The tables shows that there is no 
particular tendency to association among the five species, except that O. sativa and O. 
glaberrima are often mixplanted as will be mentioned later. The random association is 
also recognized in Table 4. The maximum number of Oryza species coexisting in the 
same habitat was four. It seems that the Oryza species can be sympatric in any 
combination though they greatly differ in their breeding strategies. 

In general, the wild rice and other coexisting plant species showed zonal 
distributions according to differences in microtopographic elevation or in water 
condition. In sympatric populations of two or more Oryza species, the degree of habitat 
segregation was rated as 0: random mixing, 1: partial segregation, and 2: clear 
segregation, as mentioned. The mean rating of habitat segregation for each species 
combination is also shown in Table 8 (below the diagonal). Habitat segregation was 
obvious between O. longistaminata and other Oryza species, particularly with O. 
breviligulata. At several sites where longistaminata and breviligulata were sympatric, 
the former species occupied the peripheral zone somewhat elevated or with shallow 
water while the latter species were in the central part with deeper water. The 
difference in elevation was sometimes 10 cm or less. This suggests that their habitat 
segregation results from their differential adaptability to water conditions expressed 
when they are sympatric. But the two species showed no significant difference in water 
depth of the habitat (Table 6). The rhizomatous habit of O. longistaminata to form 
clumps may also play a role in its habitat segregation with other species. O. punctata 
also showed a high degree of habitat segregation with other Oryza species. This may be 
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attributed to its shade-loving habit, though its ecotype in the Sahel zone seems to 
tolerate exposure to sunshine. 

The three wild Oryza species have different breeding systems, and are isolated 
from one another by different kinds of reproductive barriers. How their adaptive 
mechanisms and reproductive strategies are coadjusted and enable them to coexist, 
would be a problem to be investigated in the future. 

 



 

 
- 284 - 

Table 8. Sympatric relationships among 5 Oryza species 

On the diagonal: No. of sole populations observed 
Above the diagonal: No. of sympatric populations 
Below the diagonal: Mean grade of habitat segregation 

Species sativa glabe. longi. brevi. punct. 3 spp. 

mixture 

4 spp. 

mixture 
Total no. of populations 
observed 21 27 29 19 7   

O. sativa 3 18 7 4 2 7 2 

O. glaberrima 0.2 3 12 8 2 11 2 

O. longistaminata 0.7 0.8 13 9 1 8 2 

O. breviligulata 0.8 0.1 1.4 6 3 7 2 

O. punctata 0.5 1.0 2.0 1.7 2 3 0 

Habitat segregation, species 
mean 0.5 0.5 1.2 1.0 1.3   

% populations sympatric with 
other species 86 89 55 68 71     

Habitat segregation, 0: No segregation, 1: Medium, 2: Clear segregation 
 

Record from Oka and Chang (1964) 
Species sativa glabe. longi. brevi. punct. 3 spp. 

mixture 

4 spp. 

mixture 

Total no. of populations 44 37 43 32 3   

O. sativa 13 23 11 5  2 3 

O. glaberrima   6 6 11  4 3 

O. longistaminata 1*  23 9  1 3 

O. breviligulata   6*  15 1 4 3 

O. punctata         2    

% sympatric with other 
species 70 84 47 53 33     

* Hybrid swarms observed 
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E. Cultivated Rice Species 

1. Conditions of rice culture 

In accordance with the length of the rainy season, the natural vegetations in 
West Africa varies from forest to arid savanna. The technical level of crop management 
also differs greatly as there are tribes with varying cultural and social traditions and 
different languages. There are a large number of bush fellows. According to Dr. R. Lai 
of the IITA, 50 to 60 percent of peasants are bush fellows who prepare their farm land 
by slash and burn and 2 to 5 percent are moving fellows who explore new fields every 
year. When the proportion of cultivated (C) and fallow (F) land is shown by (C + F)/C = 
L, the L value is higher than 10 in Nigeria. The remainder is settled farmers and some 
of them are engaged in intensive culture and mechanization helped by governmental 
programs. Generally saying, the rice culture in West Africa is characterized by its 
"newness" and "primitiveness" (Dr. I.W. Buddenhagen, IITA, manuscript: Rice 
ecosystems in Africa). 

In the Guinea zone where rainfall is enough to support the crop, rice is sometimes 
grown on hill slopes. In the Sudan and Sahel zones, rice is limited to swampy 
depressions and flooded river plains. According to the climatic and physiographic 
conditions, there are marked differences in edaphic and biotic environments. The 
diseases and pests damaging rice culture are quite different from those known in Asia. 
Thus, the environment of rice culture in West Africa is highly diverse. In response to 
the environmental diversity, the potentiality of genetic diversification intrinsic to the 
rice species also seems to have been fully expressed. 

Dr. I.W. Buddenhagen of the IITA (l.c.) classifies the types of rice culture into 
upland, inland swamp, flooded, and irrigated categories each with a few subdivisions. 
As he claims, many types can be classified if differences in climatic, edaphic, biotic, 
social, and technical conditions are combined. In this report, we follow the 
classification of four major types by Dr. Buddenhagen. 

All those types of rice fields managed by peasant farmers, except for modernized 
and irrigable ones, were undulated and were not sectioned by dykes. 

a) Upland fields: Along the road from Tejina to Kaduna (Niger State, Guinea 
zone), upland rice fields were found on hill slopes (T-1, etc.). There, the field was partly 
shaded by trees and the soil seemed to contain moisture. In the northern area between 
Zaria and Kano, fields between gentle slopes were chosen for growing upland rice. In 
these upland fields, rice was hillseeded (T-1, K-2, Z-1 & Z-3) or drilled (Z-4) with a wide 
spacing between hills (20 × 80 cm, 40 × 40 cm, etc.) or between rows (80 cm). 
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Broadcasted fields were also found (D-1 & SO-4). When hill-seeded, a hill consisted of 
more than 20 seedlings and many of them were stunted on account of high density. 
Despite wide spacing, the seeding rate seemed to be considerably high. The plants of O. 
glaberrima and O. sativa were found in varying proportions, as shown in Table 9. In 
densely dibbled hills, plants reaching maturity were predominantly of glaberrima. A 
major weed in upland rice fields was sedges, which were sometimes weeded by hand. 
No serious diseases and pests were found. 

In 1963, Oka and Chang have observed upland fields around Rokupr, Sierra 
Leone, where glaberrima and sativa were also mix-planted. Upland fields of pure 
glaberrima were found in the mountainous inland of Guinea. 

b) Rainfed lowland fields: In the Sudan zone, rice fields were found in swampy 
depressions surrounded by low hills. In some such fields, the central part retained 
water but the periphery was dry when we visited in October. The seed was either 
drilled (AR-4) or broadcasted (KN-1, D-3, KR-1, SO-2, AR-1 & AR-3). When drilled, 
rows were widely spaced (40-80 cm) but the seeding rate seemed to be high. The 
proportion of glaberrima and sativa also varied in a wide range among the fields (Table 
9). 

c) Flooded fields: The flooded plain along the Sokoto River is called "Fadama". 
The total area is about 80,000 ha though its greater part is left in fallow. Rice is the 
major crop covering about 11,000 ha. In March to June after the first rain softens the 
soil, the land is cultivated with a hoe (sometimes by a tractor leased by a governmental 
agency), and the seed is broadcasted. Usually, fertilizers are not applied (but 
application of N and P2O5 is recommended). The field is inundated in August through 
October. The water level becomes highest in September, reaching 1 to 3 m according to 
the elevation of the field above the river (Table 2). As mentioned, the rise and fall of 
water level is quite rapid as compared with that in the deepwater areas in Thailand 
and Bangladesh. When water recedes, the plants lodges but the panicle-bearing stems 
stand up again (kneeing habit). At maturity, the panicles are harvested with a 
sickle-knife, heaped up, and threshed by beating with a stick. The proportion of 
glaberrima is high in the "Fadama" (Table 9). The major weed is O. longistaminata. It 
is controlled by digging up the rhizomes in the early dry season and by cutting the 
stems in water when the plants are submerged. Grasshoppers are the major pest. 
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Table 9. Relative frequencies of sativa and glaberrima in different types of rice fields 
and cultural management 

Field type % glaberrima Hill- 

seeded 

Drilled Broad- 

casted 

Trans- 

planted 

No. of 

fields 0 20 40 60 80 100 

Upland  3  2 2 1 5 1 2  8 

Rainfed  
depression  2 1 1 2 1  1 6  7 

"Fadama" 
(deep water)      5   5  5 

Irrigated 5    1   2 3 1 6 

Abandoned    1 1 1 (Naturally seeded) 3 

Record from Oka and Chang (1964) 
Field type Pure  

sativa 

Mostly 

sativa 

Half-to-half 

mixture 

Mostly 

glaberrima 

Pure 

glaberrima 

Upland  2 2 4 5 

Rainfed lowland 4 10 1 1  

Deep water   1 1 5 1 

 
d) Irrigated fields: The rice fields around the Badegii Rice Research Station, near 

Bida, were irrigated. There, dykes were made and the farmers grew sativa varieties by 
transplanting. The hills were widely spaced (more than 30 cm) and were not lined 
straight. In 1963 November, Oka and Chang observed the same fields and found the 
mixing of a few glaberrima plants. In our present trip, our visit was in middle October 
when the plants were before heading, and we could not examine the presence or 
absence of glaberrima plants. According to Dr. K.A. Ayotade, director of the Badeggi 
Station, glaberrima plants are still found. 

At Ngala (about 250 km north-east of Maiduguri; near the Nigeria-Cameroun 
border), we have visited the Pilot Project of the Chad Basin Development Authority, 
which aims at modernized farming of rice and wheat in rotation by pumping up 
irrigation water from Lake Chad (no salinity). The field in the Sahel zone was flat but 
arid. In the irrigated field, rice was raised by drilling the seed (120 kg/ha) with N (130 
kg/ha) and P2O5 (45 kg/ha) fertilizers. The soil was alkaline (pH 7.7-8.2) and showed 
zinc deficiency, but there were no serious pests. Two sativa varieties were used: IR262, 
a semidwarf Indica from the International Rice Research Institute, Philippines, and 
BG34-8, a tall Indica from British Guiana. The former was unsuccessful perhaps on 
account of improper water management, but the latter was more successful expectedly 
giving a yield of 5 ton/ha. 

At Wurno (about 40 km north-east of Sokoto) as well as at Kalmalo (85 km north 
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of Sokoto, near the Nigeria-Niger border), guided by Mr. C.C. O'Martins of the Ministry 
of Agriculture of Sokoto State, we have seen large rice fields (over 1,000 ha) under 
irrigation projects. Rice seed was broadcasted in early August, and N (100 kg/ha) and 
P2O5 (60 kg/ha) fertilizers were applied. The soils were alkaline (pH 7.5-8.0). There 
were no serious pests except for stem borers. An important weed was O. 
longistaminata. Varieties used were De Gaulle (a traditional Indica cultivar from 
Niger), Bar Engla (a native Indica), etc. IR8 was too sensitive to water stresses, 
according to Mr. O'Martins. There were a few glaberrima plants. 

We also visited the Centre de Semence at Dabou which was under a cooperative 
project of the Cote d'Ivoire Government with an agricultural technical mission from 
Taiwan. There, improved varieties from the International Rice Research Institute and 
Taiwan were successful under intensive management, giving a yield of 4.5 ton/ha on 
the average. 

In 1963, Oka and Chang visited a Chinese Agricultural Mission at Oueda (some 
20 km north of Porto Nove, Dahomey), where improved Japonica varieties from Taiwan 
were also successful. Oka visited further the rice field under the Office de Niger, north 
of Segou, Mali, which was in the desert and irrigated. Crops were successful for a few 
years after the start, but yield declined as weeds (mainly wild rice species) increased. 

It seems that the Asian type of intensive culture is successful in the humid 
coastal zone if a "package" of improved seeds and cultural techniques is used. In the 
inland savanna, however, there are problems awaiting solution. 

e) Other types of rice culture: Transplanted rice in the mangrove swamp is found 
in the coastal region. Salinity and acidity (acidic sulphuric soils) are major problems, 
and the yield is high if the soil is properly managed (Oka and Chang, 1964). In our 
present trip, we had no chance to visit mangrove swamps. 

As rice is a precious food, it is planted in small spaces as a garden crop, for 
instance, on the side of ridges on which sweet potato was planted (SO-3). In 1963, Oka 
observed in a desert oasis near Tombouctou a fenced section some 2 × 3 m in size was 
planted to glaberrima rice and was watered by hand. 

Further, we have observed in three places abandoned fields where rice grew from 
naturally shed seeds together with weeds (SO-1, WU-3, & AR-9; Table 9). The grain 
may be harvested by the peasants. 

2. O. sativa and its varieties 

The common rice, O. sativa, was born in tropical Asia from domestication of the 
Asian form of O. perennis. The varieties are divisible into the Indica and Japonica 
types, which have been gradually differentiated in the course of domestication (Oka, 
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1974). All sativa cultivars presently found in Africa are introductions from other parts 
of the world, originally from Asia. Many of them were introduced after the War I by 
agricultural agencies of colonial governments from different territories. But some of 
the varieties are known to be quite old and considered native. 

It is said that the first introduction was made by the Portuguese in the 16th 
century along the coast of West Africa, in the same manner as was done toward North 
and South Americas. It is also possible that in more ancient times the seeds were 
brought from Egypt by camel caravans crossing the desert. But the typical Japonica 
cultivars as presently grown in Egypt are not found among the varieties which are 
native to West Africa. 

An alternative hypothesis was advocated by Dr. I.W. Buddenhagen of the IITA 
(personal communication). O. sativa was first brought to Madagascar from Indonesia 
and then to East and West Africa more than 1,000 years ago. This hypothesis is 
supported by the fact that certain human tribes in Madagascar are of Indonesian 
origin and their rice varieties represent ancient Indonesian types which are similar to 
those presently called the "Bulu" type. According to Dr. M. Arraudeau of the IRAT, 
Bouake, those varieties were introduced into Madagascar as early as in the 4th century. 
The introduction of bananas into Africa is considered to have followed the same route 
(N.W. Simmonds: Bananas). Actually, among West African sativa land races such as 
OS6 (Zaire), Moroberikan (Ivory Coast), etc., we recognized charactersistics similar to 
those of the "Bulu" type, e.g.,erect and thick stems, broad leaves, long awns, etc. This 
supports the Buddenhagen's hypothesis, though how the germ plasms could cross the 
continent from the east to the west coast remains unexplained. 

At both the IITA, Ibadan, and the IRAT, Bouaké, when tested in upland 
conditions, the native varieties (old introductions) generally performed better than 
new introductions. This indicates that the old native varieties have been selected for 
adaptability to the prevailing conditions in West Africa. Those successful in upland 
conditions as well as those used for rainfed lowland culture (Maliong, De Gaulle, etc.) 
showed characters generally similar to those of the "Bulu" type mentioned above. 

On the other hand, the improved semidwarf Indicas like the IR varieties 
appeared unsuccessful in the savanna zones. Even though irrigated, they were often 
stunted. As already mentioned, we have observed this trend at Ngala, Wurno and 
Kalmalo in the Sudan or Sahel zone. As O'Toole and Chang (1978) has discussed, the 
IR varieties have not been selected under water stresses. Selection for tolerance to 
different types of drought is now being conducted in the International Rice Research 
Institute. 

In the humid coastal zone, the semidwarf varieties were successful if tested 
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under an intensive management, as was observed at Dabou, Ivory Coast. The reason 
why they are not adapted to savanna conditions is not known. There might be various 
water stresses and diseases which are not made clear yet. It may also be inferred that 
monoculture over a large area is dangerous even though an adaptive variety is used. 

3. O. glaberrima, its adaptability as compared with that of sativa 

O. glaberrima seems to have originated in West Africa from domestication of its 
wild progenitor, O. breviligulata (Portères 1956; Morishima et al. 1963). This 
cultivated species is distinguished from the common rice, O. sativa, by certain distinct 
characteristics, i.e., short and tough ligules, fewer secondary branches of the panicle, 
thicker panicle axis, and annual habit. All the plants die soon after seed maturity. O. 
breviligulata is also an annual species. O. sativa is essentially a perennial grass as it 
can be ratooned, though it is usually grown as an annual crop. Though the 
chromosomes of these two cultivated species and their respective wild relatives 
normally pair in the F1 hybrids, the perennis-sativa and breviligulataglaberrima series 
are isolated by F1 sterility barrier. The F1 plants show a high pollen sterility, but 
backcrosses can be made as a part of embryosacs remain normal (Chu et. al. 1969a). 

The glaberrima rice is cultivated by peasant farmers in the Guinea and Sudan 
zones in West Africa. We have observed a total of 29 rice fields (including 3 abandoned 
ones) in northern Nigeria. In 16 of them, glaberrima and sativa were mix-planted. The 
fields which seemed nearly pure for either species were 8 for glaberrima and 5 for 
sativa. The relative frequencies of the two species in percent of total rice plants 
observed in different types of fields are given in Table 9. The proportion of glaberrima 
was particularly high in the "Fadama" (flooded) fields in the Sokoto River basin. In this 
area, Dr. S.D. Sharma of the IITA has also made a similar observation in 1977 
(Krishnamurty, 1977). Oka and Chang (1964) observed that the upland fields in Sierra 
Leone and Guinea as well as the deepwater field in Mali had a high percentage of 
glaberrima. As the table shows, it may be asserted that the two rice species are 
mix-planted in different proportions in a greater part of rice fields cultivated by 
peasant farmers. 

Populations of O. glaberrima were generally polymorphic with regard to seed and 
panicle characters, as will be mentioned later. They were apparently more polymorphic 
than those of O. sativa. Governmental agencies multiply the seeds of rice and other 
crops. In the seed multiplication program of the Ministry of Agriculture and Natural 
Resources, Sokoto State, local varieties are included some of which are glaberrima 
varieties. But the amount of multiplied seeds produced is not enought for distribution, 
covering only about 10 % of the need. Farmers generally use a part of their harvest as 
the seed for the next season. 
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The glaberrima plants exclusively have red pericarp. The amylose content of the 
grain seems to vary between 20 and 30 % in the same manner as in sativa varieties, 
and the stickiness of cooked rice is usually medium. We have inquired farmers and 
other people, as suggested by Dr. S.D. Sharma, which they like, white (sativa) or red 
(glaberrima) rice. The farmers in the "Fadama" area where they grow glaberrima, as 
well as those in Chad where they collect wild rice seeds, answered that they liked "red 
rice". The farmers at Wurno and Kalmalo (Sokoto State) where they grew sativa in 
irrigated fields, said that they liked "white rice". Most workers in hotels and rest 
houses also liked sativa, though they eat rice once a day to twice a week only and take 
corn, sorghum and yam more often. 

The yielding capacity of glaberrima varieties does not seem to be much lower 
than that of sativa when tested in an experimental field. Trials of 9 selected glaberrima 
varieties of deepwater type, made at the Badeggi Rice Research Station with 80 kg/ha 
of nitrogen, showed a range from 2.9 to 4.1 (Kaushi A2) ton/ha on the average for 4 
years (1973-1976; Ayotade, 1977). The yield on farmers' fields, though we had no 
chance to measure, seemed to be quite low for both glaberrima and sativa. It might be 
a little more than one ton/ha. According to a farmer in the "Fadama" near Arugungu 
(Sokoto State), his best harvest of glaberrima rice was 2.8 ton/ha and the yield would 
be high when flood came at a due time and water was deep in the rainy season. 

The major trend of variation among glaberrima varieties is the variation between 
upland and deepwater types. The upland type is early-maturing, and has shorter and 
wider leaves, shorter and fewer stem internodes, and more round grain than 
deepwater type. Typical floating plants were observed in the inland delta of the Niger 
in Mali (Oka and Chang, 1964). The variation between upland and deepwater types 
was pointed out from principal component analysis of the data for 29 characters in 65 
strains (Chu and Oka, 1972). Yet, the variation was continuous, and some plants 
appeared to have a plasticity which enabled them to be adaptive in both conditions. 

The governmental agencies in West African countries exclusively recommend the 
farmers to use introduced sativa cultivars, and their efforts to improvement of 
varieties and cultural techniques have been directed to sativa cultivars. This was 
because sativa was considered superior in both yielding capacity and marketing 
quality. Thus, for instance, the proportion of sativa was increasing in the "Fadama" of 
the Sokoto River up to 1970. However, since the strong drought in 1970 and 
subsequent years, glaberrima increased against sativa again though the acreage of rice 
itself decreased as replaced by sorghum and other upland crops. 

The farmers generally recognize that glaberrima is more tolerant to drought than 
sativa, as they observed in their mix-planted fields. This can not be denied though the 
physiological mechanisms are not known. Our test of seedlings by the Mimosa method 
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did not show that glaberrima strains were superior to sativa in the resistance to 
drought (Morishima et al. 1962b). 

The drought tolerance measured by this method may indicate only a fraction of 
the responses which are a complex. As the glaberrima plants are annual and show leaf 
senescence and lodging at maturity, they may have a high rate of transport of synthetic 
product from the leaves and stems to the grain. In contrast, in improved sativa 
cultivars, it is known that grain production depends largely upon assimilation after 
heading. When subjected to drought around the time of heading, a high transporting 
rate of synthetic product may save the plants from failure in producing seed. 

Not only to drought, glaberrima seems to have a higher tolerance to flooding than 
sativa. In the "Fadama", glaberrima was planted in deepwater fields while sativa was 
limited to marginal fields where the maximum water depth did not exceed half a meter. 
The deepwater varieties of sativa did not seem to have been introduced possibly 
because they are late-maturing while water recedes much earlier. There, the pattern of 
seasonal change of water level differs year after year, and daily changes may exceed 50 
cm, as shown in Table 2. In the inland delta of the Niger in Mali, floating glaberrima 
cultivars were found in a depth of several meters (Oka and Chang, 1964). In this area, 
French experts (Messrs. R. Guégan and L. Marchais) recognized that when inundated, 
glaberrima had higher internode elongation rate than the floating varieties of sativa 
introduced from Asia. 

We have observed further that in rice fields in swampy depressions, the 
peripheral part was dry while the central part still retained a depth of water. In such 
fields, the glaberrima plants at the dry periphery were at maturity while those in the 
center were still flowering. The same trend was also observed in breviligulata 
populations. This suggests that in glaberrima and breviligulata, not only day-length 
but also water condition controls the time of floral initiation. If there was such a 
response, it would be an additional adaptive mechanism in response to water stresses. 

In hill-seeded upland fields, a hill often contained both glaberrima and sativa 
plants. Because of high density due to dibbling of many seeds per hill, many plants 
were stunted and a few produced panicles. The stunted plants were predominantly of 
sativa. In such a field (T-1), the proportion of glaberrima was estimated to be about 
10 % in the seed sown and about 60 % in the plants successfully growing. This suggests 
that glaberrima had higher competitive ability than sativa under the given condition. 

In the conditions of inland savanna, glaberrima plants did not seem to suffer 
from any serious disease. In a upland field where the Helminthosporium disease 
occurred (SO-4), we found that glaberrima plants had less spots than sativa plants. 
When tested under more humid conditions, glaberrima varieties showed a range of 
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resistance to the Piricularia disease (Morishima et al. 1962a). As Dr. Buddenhagen 
suggested, their disease resistances would differ according to environmental conditions 
and prevalent pathogenic races. 
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Table 10. Records taken from Mr. J. Bozza's experiment on the responses of sativa and 
glaberrima cultivars to weeding (at Station IRAT de Bouaké, Côte d'Ivoire, 
1977) 

Species 

(strain) 

Treatment % survival Lodging Plant height 

(cm) 

Panicle No. per plant 

glaberrima Weeded 100 Heavy 126 14.8 

(CG 93) Non-weeded 60 Slight 88 17.0 

sativa Weeded 100 None 134 9.2 

(Moro) Non-weeded 36 None 123 4.5 

 
An experiment designed and conducted by Mr. J. Bozza at the Station IRAT de 

Bouaké, Ivory Coast, showed that glaberrima and sativa cultivars greatly differed in 
the response to weeding. In the experiment, 5 glaberrima and 5 sativa cultivars of 
upland type were hill-seeded spaced at 25 × 30 cm in duplicate, a plot being 2 × 3 m in 
dimension. In one of the two plots of each variety, weeding was made by hand, and the 
other plot was left unweeded. We have observed that the glaberrima plants in weeded 
plots badly lodged, while those in non-weeded plots stood almost upright though had a 
poor seed setting. They showed in non-weeded plots shorter culm length than in 
weeded plots and relatively high survivorship. In contrast, the sativa plants in weeded 
plots reached maturity without loging, while those in non-weeded plots were sparse as 
many of them were killed by competitive weeds. The data for a glaberrima and a sativa 
variety exemplifying this contrast are given in Table 10. The same tendency was 
observed for all other varieties tested. Detailed accounts for the experiment will be 
reported by Mr. Bozza. 

As mentioned above, the glaberrima rice seems to have a series of adaptive 
mechanisms that are not found in the common rice. If they are carefully identified, 
some of them may be found worthwhile to introduce into sativa cultivars by 
backcrossing. Also, selection of glaberrima cultivars for high yielding potential under 
different environments seems to be promising. Early maturing glaberrima strains with 
colorless pericarp (white rice) were obtained in Misima, Japan (Oka, 1977). Their grain 
yield in an ordinary rice field in Japan is about 3 ton/ha. Possibly, high-yielding lines 
may be obtained simply by pure line selection since the populations contain a large 
amount of genetic variations. However, the environmental conditions in Africa are 
diverse and changeable. For breeding, the objectives of selection should be clearly 
identified on the basis of investigations of genotypic responses to varying 
environmental conditions, and breeding lines should be tested under a variety of 
conditions. Even if high-yielding lines in different conditions are selected, it is doubtful 
if monoculture can be successful in the savanna as will be discussed later. Perhaps, the 
breeding of synthetic varieties is necessary under certain conditions. This work 
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requires new lines of breeding researches. 

4. Genetic interrelationship between O. glaberrima and O. sativa 

The two species were mix-planted in many rice fields as already mentioned. 
However, natural hybrids seemed to be quite rare. We found only two plants which 
seemed to be hybrids in a shallow depression where the two species were mix-planted 
(SO-2). The field was on a lateritic terrace and was poorly managed. A larger part of 
the depression was occupied by O. breviligulata. The two plants were tall and vigorous, 
and had thick stems, ligules of a medium length, and long awns. Their pollen and seed 
fertilities were zero percent. In view of their resembrance with experimental 
sativa-glaberrima F1 plants, they were considered to be F1 plants. A similar plant was 
found by Oka in Guinea in 1963. 

In some rice fields where the two species were mix-planted, we found that the two 
species resembled each other in panicle and seed characters. This trend was clearly 
recognized at 5 sites (KN-1, SO-1, SO-3, SO-4, & AR-1). In extreme cases, it was 
difficult to distinguish between the two species without an observation of ligules. In 
such fields, not only glaberrima but many sativa plants had red pericarp; in other 
mix-stands of the two species where the tendency to "mimicry" was not noted, most 
sativa plants had colorless pericarp. The resembrance of the two species was also 
reported by Oka and Chang (1964) in the upland fields near Rokupr, Sierra Leone. In 
view of the rarity of natural hybrids, the resembrance may be attributed to natural 
selection which has engraved the populations of coexisting species in the same 
direction. 
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Table 11. Within-population diversity as shown by H = Σp logep for visually 
distinguishable seed types 

Crop species 0 0.25 0.5 0.75 1.0 1.25 1.5 1.75 No. of populs. 

O. sativa 15 1  2 1    19 

O. glaberrima 5  4 3 5 5  1 23 

Vigna ungiculata 

(Cowpea) 

6 4 2 1   1     14 

 
A hybridization experiment between O. sativa and O. glaberrima was initiated by 

Mr. B.D.A. Beck at the Badeggi Rice Research Station in 1959. But this project was 
suspended in 1972 without reporting a successful result. A hybridization program was 
recently started at the IRAT Centre de Bouaké by Mr. J. Bozza, with special reference 
to the expression of quantitative characters in hybrid populations. Though the F1 
plants are highly sterile and it is difficult to raise an F2 population, genes can be 
transferred from one species to the other by backcrossing (Oka, 1977). As already 
discussed, it seems important to identify useful genes. 

5. Within-population diversity and its relation to community structure 

The populations of O. glaberrima and O. sativa, particularly those of the former 
species, were highly polymorphic in seed type as compared with those of O. sativa in 
Asia. The plants were various in hull color (yellow vs. black), awnedness, pubescence, 
and empty glume size. The number of visually distinsuishable types ranged from 1 to 8 
among 22 glaberrima populations and from 1 to 3 among 15 sativa populations. The 
number of populations showing at least two different types was 19 for glaberrima and 
3 for sativa. 

On the basis of the frequencies (p) of these seed types, the diversity within 
population was evaluated in terms of the amount of information, H = -Σp logep (Table 
11). The H values ranged from 0 to 1.73 (AR-4) in glaberrima and from 0 to 1.10 (SO-3) 
in satiya. The values for glaberrima and sativa populations were weakly correlated (r = 
0.28, non-significant) as many sativa populations were monomorphic. No particular 
difference in the distribution of H values was found among the upland, lowland and 
river flood plain types of rice field (Table 12). 
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Table 12. Percent biomass of rice, species diversity and within-population diversity for 
glaberrima rice in different types of rice fields 

Field type % biomass of rice 

(sativa + glaberrima) 

Species diversity 

(H, rice + weeds) 

Within-popul. diversity 

(H for glaberrima) 

20 40 60 80 100 0.5 1.0 1.5 2.0 0 0.5 1.0 1.5 2.0 

Upland 1 1  1  1 2   3  2 2  

Rainfed 
depression 

2 1  2 1 1 1 3 1  1 4  1 

"Fadama" 
(deep-water) 

 1 3 1 1 1 3 2   3 2 1  

Irrigated    2   2        

Abandoned  1  1   1  1  1 1   

 
The greater diversity in glaberrima than in sativa populations may be at least 

partly attributed to introgression of genes between glaberrima and its wild progenitor, 
O. breviligulata (cf. Morishima and OKa, 1970). Although the main direction of gene 
flow is from autogamous glaberrima to more allogamous breviligulata, the 
breviligulata populations absorbing genes from glaberrima would release different 
cultivated types to contribute to the glaberrima population. In our present trip, we 
found only three populations (SO-1, WU-3, & AR-4) which appeared to be hybrid 
swarms. More cases were observed by Oka and Chang in their 1963 trip (Table 8). On 
the other hand, the populations of the wild relatives of these cultivated species, O. 
breviligulata and O. longistaminata, were uniform in outward appearance except for a 
difference in awn color (red vs. white). As already mentioned, it is known that the 
populations of these wild species contain a large amount of electrophoretic variations 
of enzymes (Bezancon et al. 1977a,b). This indicates that domestication increase 
morphological variations. 

In the rice fields, 26 species of weeds were identified. The major species present 
were Ageratum conyzoides L. (No. 25 in Appendix II), Cyperus difformis L. (31), C. 
pustulatus Vahl. (30), C. reduncus Boeck. (33), Eragrostis gangetica Steud. (45), 
Eriocaulon afzelianum Wickstr. (37), Jussiaea erecta L. (91), Melochia corchorisfolia L. 
(113), Schoenefeldia gracilis Kunth (69), Mangifera indica (8), and Oryza 
longistaminata. All except the last two are annuals. The number of weed species in a 
field varied from 1 to 6. As already mentioned, the species diversity in each field was 
also evaluated by the H value which was computed on the basis of percent biomass for 
each species (including rice species). The H value ranged from 0.34 to 1.88 among the 
26 sites observed (Table 12). It was positively correlated with the estimate of total 
biomass (r = 0.75, 1% level; Fig. 8) in the same manner as found for savanna 
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vegetations, and was weakly negatively correlated with the biomass of rice (r = -0.36, 
non-significant). This indicates that the weed community increases its diversity when 
the weeds grow vigorously. 

The degree of species diversity thus obtained and the seed-type diversity within 
the glaberrima population were positively correlated (r = 0.56, 5% level). A similar 
correlation was also found for sativa populations even though many of them were 
monomorphic (r = 0.82, 1% level). As shown in Fig. 11a, a significant correlation 
existed between species diversity and within-population diversity (r = 0.53, 5% level) 
even when the data for the two rice species were pooled. 

Further, the seed-type diversity in glaberrima populations showed a relationship 
with the proportion of glaberrima plants to total rice plants. As shown in Fig. 11b, the 
diversity was highest when the proportion of glaberrima plants was 50 to 60 percent. 
The parabolic regression line was highly significant (F = 14.1, 1% level). A similar 
trend was also found for sativa populations although the regression was statistically 
not significant. When two species coexist, a 50 : 50 mixture gives the highest H value. 
Therefore, the dependency of within-population diversity on the relative frequency of 
the two species and on species diversity in the community may be considered in the 
same context. 

Both of these relationships suggest that the complexity of the biotic environment 
as shown by species diversity plays a role in maintaining polymorphisms in rice 
populations. We found these relations by rearranging our field notes after our return to 
Misima. When we were in the field, we had no possibility to make biassed recording in 
such a direction. Although the sample size was not large enough, it may be asserted 
that genetic variation in rice populations and community structure have been 
interrelated. 
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Fig. 11. Heterogeneity of cultivated rice populations as shown by the amount of 
information (H), a) compared with the diversity of coexisting plant species, and b) 
compared with the relative frequency of glaberrima or of sativa. The broken line 
shows curvilinear regression: H = 0.052X - 0.040X2 - 0.004 (F = 14.1**, X stands 
for the percentage of glaberrima plants). 

*, ** Significant at 5% and 1% level, respectively 
 

Regarding wild Oryza species, we observed that habitat segregation between 
them and with other coexisting species was conditioned by a slight difference in 
elevation, sometimes less than 10 cm. This represents a difference of 2 or 3 days in the 
duration of inundation. The rice fields were not flat. Possibly, the temporarily changing 
water conditions and microtopographic undulations in the field impose a pressure of 
disruptive selection upon the rice populations and plant community as a whole and 
result in greater species and genotypic diversity. 

In addition to these natural conditions, we have learned that the farmers 
recognize the occurrence of different types in their fields but willingly accept mixing. 
One at Danbatta, Kano State, told us that "mixing is an insurance". A part of the 
harvest is used as the seed for the next season. The harvest is stored in a large 
earthen-made jar (3 m in both height and diameter, called "Rumbu"). Also, the seeds 
which are naturally shed before and during harvest may contribute to the crop 
population next season. This was observed with naturally growing plants of cultivated 
rice which were found in abandoned fields. In general, both natural mixing and 
conscious mix-planting are commonly observed in the savanna zones of West Africa. In 
this way, farmers cope with unpredictable changes in environment. 
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As discussed by Whittaker (1965), a high species diversity may result from an 
increase in carrying capacity of the habitat and niche differentiation. Pianka (1967) 
reported that the number of lizard species in North American deserts was conditioned 
by the "plant-volume diversity" (tree and shrubs). On the other hand, Van Valen (1965) 
postulated in his "niche-variation model" a positive relationship of genetic variability 
with niche width. In Drosophila species distributed in Hawaii, Steiner (1977) pointed 
out that species differed in niche width which was evaluated by the number of plant 
species on which they laid eggs. The niche width was correlated with the average 
heterozygosity of the fly species. Presumably, both species and genotypic diversities as 
discussed above reflect niche diversity. 

F. Other Crops than Rice and their Intercropping 

During our trip, we had not enough time to study other crops than rice. Major 
upland crops in the inland of Nigeria are maize, sorghum, millet, pearl millet, cowpea, 
groundnut, cotton, and tuber crops like yam, cassava, and sweet potato. These are 
grown mainly in the rainy season without irrigation. Therefore, water stress is the 
most important problem for crop production in the savanna zones. Drilled or dibbled 
plants are often spaced with an interval of more than 1 meter. The wide spacing is a 
measure against drought. Sorghum and millet grown in the Sahel zone seem to have a 
high tolerance to drought. 

In the same manner as was noted for rice species, the environmental conditions 
for upland crops are diverse and changeable seasonally and annually. Crop populations 
seemed to contain a large amount of genetic variations. For instance, we have observed 
at the margin of the "Fadama" (river flood plain) about 4 km north of Sokoto (SO-11), a 
sorghum field on a gentle slope in which at least 8 different panicle types could be 
distinguished. They differed in size, color and shape, and formed a continuous array 
between the wild (Sorghum aethiopicum) and cultivated (S. vulgare) species. We have 
also obtained from local markets at Ilorin, Bida, Zaria, Kano, Maiduguri, Bima, and 
Kontagora 14 samples of cowpea (Vigna ungiculata). They showed appreciable 
variations in size, color, and collor pattern on the seed surface (Table 11). Bambara 
groundnut (Voandzeia subterranea) showed more striking variations in size and color 
pattern although two samples only (from Zaria and Maiduguri) were observed. They 
showed 6 and 7 different types, and their H values were 1.55 and 1.62, respectively. 

Species diversity for a crop is also high in West Africa. For instance, in India and 
other tropical Asian countries, there are only two species of yam, Dioscora esculenta 
and D. alata, but 6 species are known in West Africa, i.e.., D. rotundata (white yam), D. 
caynensis (yellow yam), D. dumetorum (bitter yam), and D. bubifera (producing aerial 
tuber) in addition to the two Asiatic species (after Mrs. Wilson, IITA). 
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Mix-planting of different crop species is a traditional method of West African 
farmers. Major combinations of crops we observed in the same field were: sorghum + 
cowpea, sorghum + maize, maize + cowpea, cowpea + groundnut, maize + rice, etc. 
Intercropping of more than three species was also found. The largest number of crops 
in the same field was five, that were cotton, cowpea, sweet potato, red pepper, and okra 
found in a weeded field on a gentle slope about 100 km north-west of Zaria. 

A study group for Cropping Systems Programme consisting of 11 members was 
organized in 1974 at the Institute for Agricultural Research, Samaru, Ahmadu Bello 
University, Zaria. According to their progress report (Anon. 1977) kindly made 
available for us by Dr. E.F.I. Baker (convenor of the Programme), intercropping was 
advantageous in increasing total yield in a majority of cases. The data extracted from 
their report for 1974 to 1976 are summarized in Table 13, in which the gain or loss of 
intercropping is shown by "reciprocity", where XAB represents the yield of crop A 
mix-planted with B. The data in Table 13 shows that the effect of intercropping greatly 
differed according to the varieties used. In general, it was advantageous to plant a 
short-statured early-maturing variety of a crop early and then to inter-plant a tall and 
late-maturing variety of the other crop later. A multiple regression equation showing 
this relation could account for about 60 percent of the total yield variance. 
Intercropping is a problem attracting the interest of agronomists; many papers on 
intercropping experiments are presented in Indian J. Genetics & Plant Breeding 35(2), 
1975. For breeders, the method to select adaptive genotypes in a certain system is a 
problem left for investigations in the future. 
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Table 13. Gain or loss due to inter-cropping in terms of "reciprocity", showing yield 
variations among 6 varieties of crop A in response to the overall neighboring 
effect of crop B (Experiments in 1976, mean for 4 replications, extracted from 
Crop Scheme Meeting 1977, Inst. Agric. Res., Ahmadu Bello University and 
rearranged) 

A B Reciprocity 

-0.2 -0.1 0 0.1 0.2 0.3 0.4 0.6 0.8 1.0 

(at Samaru)           

Maize Sorghum 1 1 2 1       

" Millet   5 1       

Sorghum Maize    2 1 2 1    

" Millet  2  3   1    

Millet Maize   1  1 4     

" Sorghum  2 2 2       

(at Kano)           

Maize Sorghum 1 1   1  1 2   

Sorghum Maize      1 1 1 1  

" Millet   2 1       1     1 

Reciprocity = XAB
XAA

 + XBA
XBB

 - 1 

Table 14. Yields of cowpea and cereals in inter-cropping (kg/ha, mean for 1974, 1975, 
and 1976 experiments, extracted from Crop Scheme Meeting 1977, Inst. Agric. 
Res., Ahmadu Bello University and recomputed) 

Crops mixed with cowpea Cowpea yield, pesticide   Cereal yield 

Sprayed Unsprayed   Sole crop Cowpea mixed 

Millet 1007 127  2459 2791 

Millet + Cotton 916 184  2820 2633 

Maize 1061 133  4924 4920 

Cotton 1076 23    

None (sole cowpea) 1307 3       
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The project team of the Ahmadu Bello University showed further that in cowpea 
(Vigna ungiculata) intercropping with maize or sorghum and/or cotton significantly 
reduced pest damages when no pesticides were applied (Table 14). The sole crop of 
cowpea gave no yield practically, but when mix-planted with cereals, cowpea produced 
some yield. The addition of cotton increased the yield of cowpea further. The major pest 
was "Maruca" which caused flower bud dropping, but no observation was reported on 
the pest populations. The role of genetic diversity in the population dynamics of pest 
species is a problem attracting the interest of ecologists. It may be inferred that not 
only mix-planting but also polymorphism in a crop species plays a role in stabilizing 
pest populations and crop yield. 

For establishing modernized agriculture, irrigation systems are under 
construction in the northern States of Nigeria. We have visited the Pilot Project of 
Chad Basin Development Authority (planning exploitation of 65,000 ha under 
irrigation), the Sokoto-Rima Basin Development Authority (developing irrigated rice 
fields), an irrigation project at Danbatta, Kano State, and the Kalmalo Irrigation 
Project (Sokoto State). These constructions are now under way. As discussed with 
regard to the improved semi-dwarf varieties of rice, however, there are various 
problems remaining unsolved. It seems that there are hazardous problems 
interrupting the transfer of a "package" of improved varieties and management 
techniques into the savanna zones of West Africa. The role of genetic diversity in 
populations under changing environment seems to be a key problem in this context. 
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CONSIDERATIONS AND CONCLUSIONS 

The rice germ plasm in West Africa is characterized by its high degree of diversity. 
Our observations suggested that the within-population diversity in cultivated rice 
species was a function of the biotic complexity of the community. It may be inferred 
that a species in a community broadens its niche with its genetic variations. 

The interrelation between community structure and the population structure of a 
component species is a problem attracting the interest of both ecologists and 
geneticists. As mentioned already, however, not many observations have so far been 
reported on this problem. Our data may serve as an example. Even though the 
dynamics are difficult to elucidate, the data may be of some use in considering work for 
the conservation of genetic resources. It suggests means to select promising collection 
sites and can be used as an indicator of conservation conditions in the field. 

The Vavilov's theory of diversity centers is well known. Several macrogeographic 
centers each accumulating genetic diversities of different crop plants were depicted on 
the world map. Later, Harlan (l97l) pointed out that in certain crops diversity was not 
accumulated in a particular center but was distributed over a wider area (non-center). 
Our observations indicated the pattern of microgeographic distributions of genetic 
diversity. The sites showing a high diversity may be compared with Harlan's (1963) 
micro-centers. The population dynamics of such micro-centers may be worthwhile to 
investigate more closely. 

The interrelationship between organic diversity and stability (or population 
persistence) has been discussed from different angles. We have learned that the 
African peasants know this relation empirically and they perform intercropping. The 
advantage of intercropping in certain conditions has been shown upon experimental 
evidence. This seems to provide a new objective of research for the breeders. The 
breeding of synthetic rice varieties is now considered by the French workers in Ivory 
Coast. Also, it seems that more investigations are needed on the agro-ecosystems. 



 

 
- 305 - 

ACKNOWLEDGEMENTS 

We express our hearty thanks to the institutions and officers in charge with 
whom we have made contact for their kind arrangements and helps. Without the 
kindnesses, it was not possible for us to continue our trip and to achieve our purposes. 
The names and addresses of the institutions and persons are listed below with our 
sincere gratitude. We are also indebted to the Ministry of Education, Japan, for their 
generous financial support. 

Nigeria: 

International Institute of Tropical Agriculture, Oyo Road, P.M.B. 5320,Ibadan 
 Dr. W. K. Gamble, Director-general 
 Dr. B. N. Okigbo, Deputy Director-general 
 Dr. S. V. Shastry, Director for research 
 Dr. W. M. Steele, Chief, Germplasm Collection Unit 
 Dr. S. D. Sharma, Germplasm Collection Unit 
 Dr. A. T. Peres, Germplasm Collection Unit 
 Dr. I. O. Akobundu, Weed scientist 
 Dr. I. W. Buddenhagen, Rice breeder and Pathologist 
 Mr. Bimbo Osunmakinwa, Res. assistant, Germplasm Collection Unit 
 Mr. I. Ige and Mr. Mustaffa, Driver 
  Under the generous approval of the director-general, our itinerary in Nigeria 

was arranged by Drs. Steele and Sharma in advance, and two cars with 
drivers were made available for us. Dr. Sharma travelled together with us for 
6 days up to Zaria. We were then accompanied and helped by Mr. Bimbo and 
two drivers. 

National Cereals Research Institute, Moor Plantation, P.M.B. 5042, Ibadan 
 Dr. O. A. Atanda, Director 
 Mr. J. O. Olufowote, Rice Breeder 
Badeggi Rice Research Station, N.C.R.I., near Bida, Niger State 
 Dr. K. A. Ayotade, Director 
Institute for Agricultural Research, Ahmadu Bello University, Samaru, P.M.B. 1044 

Zaria 
 Dr. Ango Abdullahi, Director 
 Mr. E. F. I. Baker, Convenor for Cropping Systems Programme 
 Dr. E. Rouby, Sorghum breeder 
 Dr. Le Leji, Cowpea breeder 
 Dr. S. Mustafa, Cotton breeder 



 

 
- 306 - 

Shika Agricultural Research Station, Ahmadu Bello University, near Samaru 
 Mr. P. N. de Leeuw, Principal research fellow, Grassland scientist 
Kano Agricultural Research Station, Ministry of Agriculture, P.O.Box 1062 Kano 
 Dr. A. M. Fowler, Officer-in-charge 
 Mr. D. M. Gwarzo, Senior officer 
 Mr. Alhaji Jibril, Senior officer 
  We were guided by Mr. Gwarzo to Danbatta. 
Chad Basin Development Authority, P.M.B. 1130 Maiduguri, Borno State 
 Mr. Yousef R. M. Bahaeldin, Asst. general manager 
  We were kindly helped with a car and a driver, Mr. Ibrahim Audu, having the 

liscence to cross the border for Chad. 
South Chad Irrigation Pilot Project, under Chad Basin Development Authority, Ngala 

(the same P.M.B. as above) 
 Mr. M. R. Merrett, Project manager 
Ministry of Agriculture and Natural Resources, Sokoto State 
  P.M.B. 2109 Sokoto 
 Mr. Chile C. O'Martins, Principal Agricultural Officer 
 Mr. A. Akanji 
  We were helped with a car, a driver, and also a residential house when no 

hotel rooms were available, and were guided to Wurno and Kalmalo by Mr. 
O'Martins and to Arugungu and Birnin Kebbi by Mr. Akanji. 

Agricultural Extension Office, Ministry of Agriculture, Birnin Kebbi, Sokoto State 
 Mr. Adamu Kwazo, Extension officer 
Sokoto-Rima River Basin Development Authority, Gwadu Rice Scheme 
  Birnin Kebbi 
 Mr. Rashid Malik, Irrigation engineer 

Chad: 

ORSTOM, Centre de N'Djamena, B.P. 65, N'Djamena 
 Mr. A. Chouret, Director 
 Mr. G. Second and Mr. A. Borgel 
  Messrs. Second and Borgel had come to N'Djamena from Abidjan for collection 

of rice. We were guided by them for Tom Marefinn, and were invited to stay in 
their residence. 



 

 
- 307 - 

Ivory Coast: 

ORSTOM, Centre d'Adiopodoumé, B.P. V51, Abidjan 
 Mr. J. P. Tonnier, Director 
 Dr. A. Charrier, Chef de Laboratoire de Genetique 
 Mr. G. Bezancon 
  We were guided by Mr. Bezancon to Bouaké with an official car. 
Centre de Semence, B.P. 65, Dabou, Côte d'Ivoire 
 Mr. L. T. Wu 
Station IRAT de Bouaké, B.P. 635, Bouaké 
 Mr. M. Arraudeau, Director 
 Mr. J. L. Bozza 
 Mr. F. N. Reyniers 
 Mr. D. Louvel 
  We were invited to stay in the guest house and enjoyed kindnesses. 

United Kingdom: 

Department of Plant Biology, University of Birmingham 
  P.O. Box 363, Birmingham, B15 2TT 
 Prof. J. G. Hawkes, and staff-members (in Abstract of Diary) 
Department of Botany, University of Liverpool 
  P.O. Box 147, Liverpool, L69 3BX 
 Prof. A. D. Bradshaw, and staff-members (   〃   ) 
School of Plant Biology, University College of North Wales 
  Bangor, LL57 2UW 
 Prof. J. L. Harper, and staff-members (   〃   ) 

France: 

Centre d'Etudes Phytosociologiques et Ecologiques (CEPE) 
  Route de Memde, B.P. 5051, 34033 Montpellier-cedex 
 Dr. M. Godron, Director 
 Dr. P. Jacquard, and staff-members (   〃   ) 
Institute de Recherches Agronomiques Tropicales (IRAT) 
  9 Place Viala, 9, 34060 Montpellier-cedex 
 Dr. M. Jacquot 
 Dr. M. Arnaud 



 

 
- 308 - 

Station d'Amelioration des Plantes, INRA 
  Place Viala, 9, 34060 Montpellier-cedex 
 Dr. R. Marie 
Genetique et Physiologie du Développement des Plantes, CNRS 
  91190 Gif-sur-Yvette 
 Dr. & Mrs. J. Perness, and staff-members (in Abstract of Diary) 
Laboratoire d'Amelioration des Plantes, Université de Paris-Sud 
  91405 Orsay 
 Prof. Y. Demarley, and staff-members (   〃   ) 
Institute de Recherches Agronomiques Tropicales (IRAT) 
  110 Rue de l'Université, 75340 Paris-cedex 07 
 Dr. G. Vallaeys, Directeur général adjoint 

Thailand: 

Rice Division, Department of Agriculture, Bangken, Bangkok-9 
 Dr. Ben R. Jackson 
 Mr. Sermsack Awakul 
 Mr. Noppon Supapoj, and other staff-members (in Abstract of Diary) 
  A field trip was specially arranged on Sunday. 

Japan: 

Faculty of Science, Chiba University, 1-33 Yayoi-cho, Chiba 280 
 Prof. M. Numata 
  For valuable advices and suggestions. 
Research Aid Division, Ministry of Education 
  3-2-2 Kasumigaseki, Chiyoda-ku, Tokyo 100 



 

 
- 309 - 

REFERENCES 

Anonymous, 1977. Cropping Scheme Meeting - Notes on the experimental cropping 
systems improvement programme. Mimeogr. Reprt from Inst. Agric. Res., 
Samaru, Ahmadu Bello Univ., P.M.B. 1044, Zaria, Nigeria, 112pp. 

Ayotade, K. A., 1977. Highlight of the National Cereals Research Institute, Irrigated 
Rice Research Programme for 1976. Presented at the 1977 Irrigation Cropping 
Scheme Meeting, 11-13 July at Ahmadu Bello Univ. (Mimeogr.) 

Bezancon, G., J. Bozza, G. Koffi and G. Second, 1977a. Genetic diversity of O. 
glaberrima and O. breviligulata shown from direct observation and isozyme 
electrophoresis. Meeting on African Rice Species, 25-26 Jan. 1977, p.15-46. 
IRAT-ORSTOM, Paris, 90pp. 

Bezancon, G., J.L. Bozza and G. Second, 1977b. Variability of Oryza longista- minata 
and the sativa complex of Oryza in Africa. Ecological and evolu- tionary aspects. 
Ibid. p.47-55. 

Chu, Y.E., H. Morishima and H.I. Oka, 1969a. Reproductive barriers distributed in 
cultivated rice species and their wild relatives. Japan. J. Genet. 44: 207-223. 

Chu, Y.E., H. Morishima and H.I. Oka, 1969b. Partial self-incompatibility found in 
Oryza perennis subsp. barthii. Japan. J. Genet. 44: 225-229. 

Chu, Y.E. and H.I. Oka, 1970a. The genetic basis of crossing barriers between Oryza 
perennis subsp. barthii and its related taxa. Evolution 24: 135-144. 

Chu, Y.E. and H.I. Oka, 1970b. Introgression across isolating barriers in wild and 
cultivated Oryza species. Evolution 24: 344-355. 

Chu, Y.E. and H.I. Oka, 1972. The distribution and effects of genes causing F1 
weakness in Oryza breviligulata and O. glaberrima. Genetics 70: 163-173. 

Clayton, W.D., 1968. Studies in Gramineae, XVII. West African wild rice. Kew Bulletin 
21: 485-488. 

Cody, M.L. and J.M. Diamond (Eds.), 1975. Ecology and Evolution of Communities. 
Belknap Press, Harvard Univ., Cambridge, 545pp. 

Harlan, J.R., 1963. Two kinds of gene centers in Bothriochloinae. Amer. Nat. 97(893): 
91-98. 

Harlan, J.R., 1971. Agricultural origins. Centers and noncenters. Science 174: 468-474. 
Hayashi, I., 1973. A preliminary report on plant ecology of the semi-arid region in the 

Brazilian Northeast. Tokyo Geography Papers 17: 95-109. (Div. Geosciences, 
Tsukuba Univ., Sakura-mura, Ibaraki-ken, 300-31 Japan) 

Hayashi, I. and M. Numata, 1976. Plant ecology of Northeastern Brazil. Forest Ecology 
Papers, p.133-156. Norin-Shuppan, Tokyo, 220pp. 

Hopkins, B., 1974. Forest and Savanna (2nd Ed.). Heinemann Educ. Books, London, 
154pp. 



 

 
- 310 - 

IRRI (International Rice Research Institute), 1964. Rice Genetics and Cyto- genetics 
(Ed. R.F. Chandler). Elsevier, Amsterdam, 274pp. 

Katayama, T. and W. Onizuka, 1978. Dihaploid-BC plants produced in F1 plants 
between synthesized amphiploid (BBCC) and diploid (BB) or tetraploid (BBCC) 
Oryza punctata Kotschy ex Steud. Japan. J. Genet. 53: 67-70. 

Kowal, J.M. and D.T. Knabe, 1972. Ah Agroclimatological Atlas of the Northern States 
of Nigeria. Ahmadu Bello Univ. Press, Zaria, 111pp & 18 maps. 

Kowal, J.M. and K.B. Adeoye, 1973. An assessment of aridity and the severity of the 
1972 drought in northern Nigeria and neighbouring countries. Savanna 2(2): 
145-164. Ahmadu Bello Univ., Zaria. 

Krishnamurty, A., 1977. Studies on Oryza populations collected from Northwestern 
Nigeria. Thesis submitted to the University of Birmingham. (Prof. J.G. Hawkes, 
Dept. of Plant Biology; Dr. S.D. Sharma, IITA). 

Leeuw, P.N. de, 1971. The prospects of livestock production in the northern Guinea 
zone savannas. Samaru Agric. Newsl. (Inst. Agric. Res., Ahmadu Bello Univ., 
Zaria) 13(6): 124-133. 

Leeuw, P.N. de, 1976. Fodder resources and livestock development in Northeast 
Nigeria. Savanna 5(1): 61-74. Ahmadu Bello Univ., Zaria. 

McNaughton, S.J. and L.L. Wolf, 1970. Dominance and the niche in ecological systems. 
Science 167: 131-167. 

Morishima, H., 1969. Phenetic similarity and phylogenetic relationships among strains 
of Oryza perennis, estimated by methods of numerical taxonomy. Evolution 23: 
429-443. 

Morishima, H., K. Hinata and H.I. Oka, 1962a. Comparison between two cultivated 
rice species, Oryza sativa L. and O. glaberrima Steud. Japan. J. Breed. 12: 
153-165. 

Morishima, H., K. Hinata and H.I. Oka, 1962b. Floating ability and drought resistance 
in wild and cultivated species of rice. Ind. J. Genet. & P1. Breed. 22: 1-11. 

Morishima, H., K. Hinata and H.I. Oka, 1963. Comparison of modes of evolution of 
cultivated forms from two wild rice species, Oryza breviligulata and O. perennis. 
Evolution 17: 170-181. 

Morishima, H. and H.I. Oka, 1970. A survey of genetic variations in the populations of 
wild Oryza species and their cultivated relatives. Japan. J. Genet. 45: 371-385. 

Morishima, H. and H.I. Oka, 1977. The impact of copper pollution on weed 
communities in Japanese rice fields. Agro-Ecosystems 3: 131-145. 

Oka, H.I., 1974. Experimental studies on the origin of cultivated rice. Genetics 78: 
475-486. 

Oka, H.I., 1977. Genetic variations of Oryza glaberrima. Their survey and evaluation. 
Meeting on African Rice Species, 25-26 Jan. 1977, p.77-86. IRAT-ORSTOM, 
Paris, 90pp. 



 

 
- 311 - 

Oka, H.I. and W.T. Chang, 1964. Observations of wild and cultivated rice species in 
Africa. Report of trip from Sierra Leone to Tchad, 1963. Report, Nat. Inst. 
Genetics, Misima, 73pp (Mimeogr.) 

O'Toole, J.C. and T.T. Chang, 1978. Drought and rice improvement in perspective. IRRI 
Research Paper Series 14, 27pp. P.O. Box 933, Manila. 

Pianka, E.R., 1967. On lizard species diversity: North American flatland deserts. 
Ecology 48: 333-351. 

Portères, R., 1956. Taxonomy agrobotanique de riz cultivés, Oryza sativa L. et O. 
glaberrima Steudel. J. Agr. Trop. Bot. Appl. 3: 342-856. 

Rain, A.B., 1968. A field key to the common genera in Nigerian grasses. Samaru Misc. 
Paper 7, Ahmadu Bello Univ., Zaria, 29pp. 

Steiner, W.W.M., 1977. Niche width and genetic variation in Hawaiian Drosophila. 
Amer. Nat. 111(892): 1037-1045. 

Tateoka, T., 1964. Taxonomic studies of the genus Oryza. In Rice Genetics and 
Cytogenetics (IRRI, Ed. R.F. Chandler), p.15-21. Elsevier, Amsterdam, 274pp. 

Tateoka, T., 1965. Taxonomy and chromosome numbers of African representatives of 
the Oryza officinalis complex. Bot. Mag. Tokyo 78(924): 198-201. 

Turner, H.P. (Ed.), H.I. Ajaegbu, A. Faniran and K. Olusa, 1971. Nigeria and Beyond, 
Book One. Longman Croup Ltd., London, 90pp. 

Van Valen, L., 1965. Morphological variation and width of ecological niche. Amer. Nat. 
99(908): 377-390. 

Whittaker, R.H., 1965. Dominance and diversity in land plant communities. Science 
147: 250-260. 

 



 

 
- 312 - 

APPENDIX I. Genetic Stocks of Rice Species Collected and Observation Sites 

Items of description 

Site code 
Species code* - Accession no. (Nat. Inst. Genet., Japan) 
1. Date of collection 
2. Latitude, longitude, and distance from a town 
3. Status (wild, weed, cultivated) and frequency (abundant, frequent, occasional, rare) 

(% glaberrima to total rice plants) 
4. Characteristics of the habitat and other remarks 
5. Major sympatric species identified (Species No. in Appendix II) 
6. Status of seed sample: Seeds on a single plant basis - No. of plants; Bulked seed 

from a number of plants - Bulk (No. of plants) 
 

* Species code 
B - Oryza breviligulata; L - O. longistaminata (= O. perennis subsp. barthii); P - O. 
punctata; G - O. glaberrima: S - O. sativa 

 
MP-1   P - W1564 
 1. October 12 
 2. 7°24'N, 3°52'E, Moor Plantation (Nat. Cereals Res. Inst., campus) 
 3. Wild, rare 
 4. Riverside marsh, shaded by trees, small clumps, cover 30%. 
 5. No. 82 
 6. Bulk (4 plants) 
B-1   L - W1565 
 1. October 14 
 2. 9°02'N, 6°10'E, Badeggi, 1 km E of Rice Res. Station 
 3. Wild, occasional 
 4. Swamp surrounded by rice field, a large population, cover 50%. 
 5. Nos. 31, 35, 39, and 61 
 6. Bulk 
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B-2   L - W1566 
 1. October 14 
 2. 9°02'N, 6°10'E, Badeggi, adjacent to B-1 
 3. Weed, occasional 
 4. A large clump in rice field, 10 m in diameter, cover 100% 
 5. No. 26 and S 
 6. Bulk 
B-3   L - Wl567 
 1. October 14 
 2. 9°02'N, 6°10'E, Badeggi, 0.5 km E of Rice Res. Station 
 3. Weed, occasional 
 4. Scattered small clumps in rice field 
 5. S 
 6. 1 plant 
T-1   G - C8836; S - C8837 
 1. October 15 
 2. 10°18'N, 6°25'E, 31 km NE of Tegina 
 3. Cultivated, occasional (G 70%) 
 4. Upland field on a gentle slope, partly shaded by trees, hill-seeded 
 5. No. 28 
 6. G - Bulk; S - Bulk 
K-1   L - (a) W1568; (b) W1569 
 1. October 15 
 2. 10°54'N, 7°38'E, 52 km N of Kaduna 
 3. Wild, frequent 
 4. Roadside depression divided into two parts (a & b) by an embankment; 

Plants in the two parts showed some differences, (a) being erect, (b) 
expressing floating habit. Cover 100% in both. 

 5. No major sympatric plants 
 6. (a) Bulk; (b) Bulk 
K-2   G - W8834; S - W8835 
 1. October 15 
 2. 10°54'N, 7°38E, 52 km N of Kaduna 
 3. Cultivated, occasional (G 54%) 
 4. Upland field, flat, hill-seeded 
 5. Nos. 25 and 92 
 6. G - Bulk (7); S - 4 plants 
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Z-1   S - C8838; G - C8839 
 1. October 16 
 2. 11°13N, 7°33E, Zaria, 0.5 km NW of Zaria Hotel 
 3. Cultivated, occasional (G 9%) 
 4. Upland field, immature sativa plants were wilted. Hill-seeded. 
 5. Mix-cropped with corn in a part of the field. 
 6. S - 9 plants; G - 6 plants 
Z-2   L - W1570 
 1. October 18 
 2. 11°22N, 8°04E, 60 km N of Zaria 
 3. Wild, occasional 
 4. Roadside depression surrounded by fields of sugarcane, sorghum, and rice. 

The plants showed floating habit. Cover 60%. 
 5. Nos. 8 and 39 
 6. Bulk 
Z-3   G - C8840; S - C8841 
 1. October 18 
 2. 11°22'N, 8°04'E, 60 km N of Zaria 
 3. Cultivated, occasional (G 52%) 
 4. Upland field, hill-seeded 
 5. No. 83 
 6. G - 10 plants; S - 7 plants 
Z-4   G - C8842 
 1. October 18 
 2. 11°45'N, 8°24’E, 160 km N of Zaria 
 3. Cultivated, occasional (G 100%) 
 4. Upland field, broadcasted on ridges, no mixed sativa. 
 5. No. 30 
 6. 21 plants 
D-1   G - C8843; S - C8844; S1(in adjacent field) - C8845 
 1. October 19 
 2. 12°30'N, 8°31E, 10 km N of Danbatta 
 3. Cultivated, occasional (G 83%) 
 4. Upland, broadcasted 
 5. No record 
 6. G - 12 plants; S - 1 plant; S1 - 6 plants 
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D-2   L - W1571 
 1. October 19 
 2. 12°28'N, 8°31'E, Danbatta, beside the dam embarkment 
 3. Wild, occasional 
 4. Depression retaining water, along the fringe, cover 40%. 
 5. No. 30 
 6. Bulk (15) 
D-3   G - C8846; S - C8847; L - W1572 (G 83%) 
 1. October 19 
 2. 12°28'N, 8°31'E, Danbatta, beside the dam embarkment 
 3. Cultivated, occasional (G 83%); L - Weed 
 4. Field in depression, broadcast. Small clumps of longistaminata were 

scattered in the field. 
 5. An unidentified grass 
 6. G - 11 plants; S - 2 plants; L - Bulk (9) 
KN-1   G - C8848; S - C8849; L - W1573 (G 39%) 
 1. October 20 
 2. 11°36'N, 8°59'E, 69 km E of Kano 
 3. Cultivated, frequent (G 39%); L - Weed 
 4. Field in depression, broadcasted. Many L plants scattered, cover 50%. 
 5. Nos. 30 and 45 
 6. G - 10 plants; S - 7 plants; L - Bulk 
KN-2   B - W1574 
 1. October 20 
 2. 11°28'N, 9°26'E, 107 km E of Kano 
 3. Wild, occasional 
 4. Roadside depression retaining water, about 1 m deep, cover 40%. 
 5. No major sympatric species 
 6. Bulk (5) 
KN-3   L - W1575 
 1. October 20 
 2. 11°17'N, 10°18'E, 251 km E of Kano 
 3. Wild, frequent 
 4. Swampy depression, along the fringe of water, cover 100%. 
 5. Nos. 36 and 57 (cf. Fig. 5a) 
 6. Bulk (21) 
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M-1   B - W1576 
 1. October 23 
 2. 11°49'N, 13°06E, 2 km W of the gate of Maiduguri 
 3. Wild, occasional 
 4. Roadside depression, from the fringe of water to a depth of 60 cm. Cover 

90%. O. longistaminata was found on the fringe, but was grazed and had no 
seed. 

 5. Nos. 34, 63, 64, and L (cf. Fig. 5b) 
 6. Bulk (21) 
NG-1   P - W1577; G - C8851 
 1. October 24 
 2. 12°19'N, 14°12'E, Ngala, South Chad Irrigation Pilot Project 
 3. Weed, rare 
 4. In and at the fringe of irrigated rice field, newly reclaimed. The punctata 

plants grew under full sunshine as weed. The glaberrima plants were rare 
off-types in the sativa field to which IR262 was planted. 

 5. Nos. 50 and 51, and S 
 6. P - Bulk; G - Bulk 
NG-2   P - W1578; S - C8852 (BG34-8 from British Guiana) 
 1. October 24 
 2. 12°18'N, 14°12'E, 3 km S of NG-1 
 3. P - Weed; S - Cultivated 
 4. Irrigated rice field, newly reclaimed. 
 5. No. 53 
 6. P - Bulk; S - Bulk 
CH-1   B - W1579 
 1. October 26 (with Messrs. Second and Borgel, ORSTOM) 
 2. 12°26'N, 15°05'E, 37 km N of N'Djamena 
 3. Wild, frequent 
 4. Natural depression retaining water, along the fringe of water. Cover 80%. 
 5. Nos. 26, 32, and 67 (cf. Fig. 6) 
 6. 5 bulks from different positions (a - e, each 20 plants) 
CH-2   L - W1580; B - W1581; P - W1582 
 1. October 26 (with Messrs. Second and Borgel, ORSTOM) 
 2. 12°30'N, 14°58'E, 55 km N of N'Djamena 
 3. Wild, occasional; B - Frequent; P - Occasional 
 4. Natural depression retaining water; L along the fringe of water; P under or 

nearby Acacia trees; B in water except for deep center. 
 5. No. 67 
 6. L - Bulk; B - Bulk; P - Bulk (4) 
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CH-3   B - W1583 
 1. October 26 (with Messrs. Second and Borgel) 
 2. 12°31'N, 14°49'E, 70 km N of N'Djamena 
 3. Wild, frequent 
 4. A large swampy depression, 50 m wide and more than 1 km long, was 

densely covered by O. breviligulata. The panicles were gathered and 
bundled by the village people to keep the grain not shattered and to harvest. 

 5. No major sympatric plants. A few P plants were found near the swamp. 
 6. Bulk 
CH-4   B - W1584 
 1. October 26 (with Messrs. Second and Borgel) 
 2. 12°32'N, 14°48'E, Tom Marefinn village 
 3. Wild, frequent 
 4. The village people harvest the grain by two different methods, one by tying 

up and the other by sweeping the panicles with a basket. Then, the grain is 
heaped up on the ground for drying, and is dehulled and polished with a 
wooden mortar and pestle. The seed obtained was from the harvest by the 
village people. 

 5. No record; seeds of punctata were found in the harvest. 
 6. Bulk 
CA-1   L - W1587 
 1. October 27 
 2. 12°11'N, 14°51'E, 1 km W of road junction for Maroua, Cameroun 
 3. Wild, occasional 
 4. A shallow roadside depression; a small population partly grazed. 
 5. No. 74 
 6. Bulk 
CA-2   B - W1588 
 1. October 27 
 2. 12°13'N, 14°45'E, 8 km W of road junction for Maroua, Cameroun 
 3. Wild, frequent 
 4. Roadside depression, 10 m × 40 m; the panicles were tied up for harvest. 
 5. No. 26 
 6. Bulk (30) 
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CA-3   B - W1589; P - W1590 
 1. October 27 
 2. 12°15'N, 14°40'E, 20 km W of road junction for Maroua 
 3. Wild, frequent 
 4. Flat plain partly shaded by Acacia trees, which is inundated in the rainy 

season. Partly grazed, but the plants under trees were protected from 
grazing by thorny branches. P was distributed nearby trees. 

 5. No. 88 (Acacia tree) 
 6. B - Bulk (30); P - Bulk (13) 
CA-4   B - W1591; P - W1592 
 1. October 27 
 2. 12°21'N, 14°38'E, 40 km W of road junction for Maroua 
 3. Wild, frequent 
 4. Dry lowland, inundated in the rainy season. The panicles of B were bundled 

for harvest by the local people. Two populations on one and the other side of 
the road, one still retaining water. O. punctata formed a population at an 
adjacent site which was less depressed. 

 5. No. 111 
 6. B - 2 bulks (8 & 5); P - Bulk 
NG-3   P - W1593 
 1. October 28 
 2. 12°15'N, 14°07'E, 8 km SW of Ngala 
 3. Wild, occasional 
 4. Roadside depression, disturbed. Cover 50%. The occurrence at this type of 

habitat indicates the weediness of the species. 
 5. No. 26 
 6. Bulk (25) 
NG-4   B - W1594 
 1. October 28 
 2. 12°09'N, 14°05'E, 28 km SW of Ngala 
 3. Wild, frequent 
 4. Roadside depression made when the road was constructed. Seeds were 

picked up from those shed on the ground. 
 5. No record for species names 
 6. Bulk 
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NG-5   L - W1595; B - W1596 
 1. October 28 
 2. 12°06'N, 14°03'E, 61 km SW of Ngala 
 3. Wild, frequent 
 4. Roadside ditch, 10 m wide, 0.5 m deep. B occupied deeper side, and L 

occupied shallower side showing habitat segregation. The dry zone outside 
the ditch was occupied by a leguminous shrub species. 

 5. No. 26 
 6. L - Bulk (24); B - Bulk (15) 
KR-1   G - C8855; S - C8856 
 1. October 29 
 2. 11°21'N, 9°46'E, 105 km W of Kari 
 3. Cultivated, frequent (G 90%) 
 4. A natural depression, 30 m × 40 m, 1 m deep, was used for growing rice. 

Broadcasted. Plants on the border which was dry were at maturity, but 
those in the center retaining water were heading. 

 5. Nos. 38, 65, 75, and 108 
 6. G - 23 plants; S - 1 plant 
Z-5   L - W1597 
 1. October 30 
 2. 11°13'N, 7°31'E, 16 km W of Zaria, Shika 
 3. Wild, occasional 
 4. Swampy lowland beside a river, partly reclaimed for growing sugarcane. 
 5. A Leersia species once mistaken as O. tisseranti and an Echinochloa sp. 
 6. Bulk (27) 
SO-1   G - W1598 (semi-wild type) and C8857; S - C8858 
 1. October 30 
 2. 12°34'N, 5°57'E, 122 km SE of Sokoto 
 3. Semi-wild or weed, occasional (G 67%) 
 4. Shallow depression on a terrace with crusted soil. Most G plants showed 

intermediate wild-cultivated characters - so-called "stapfii" types. The 
plants seemed to have been derived from the seeds sown one or a few years 
ago. 

 5. Nos. 3, 16, 27, 37, 69, and 74 
 6. G - 25 (W1598) and 3 (C8857) plants; S - 5 plants 
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SO-2   B - W1599; G - C8859; S - C8860 
 1. October 30 
 2. 12°34'N, 5°55'E, 119 km SE of Sokoto 
 3. G - Wild; G and S - Cultivated, occasional (G 18%) 
 4. Shallow depression similar as SO-1. G and S broadcasted. Two hybrid 

plants, tall and sterile, were found which seemed to be F1 hybrids between 
G and S. B was found on the other side of the depression. 

 5. Nos. 91 and 92 
 6. B - Bulk (13); G - 3 plants; S - 5 plants 
WU-1   L - W1601; G - C8861 
 1. October 31 
 2. 13°17'N, 5°28'E, Wurno, 40 km NE of Sokoto 
 3. Weed, occasional 
 4. A large rice field, irrigated. A sativa cultivar, De Gaul (WU-2), was grown by 

broadcasting. L and G were found as weeds. 
 5. No record for species names 
 6. L - 1 plant; G - 7 plants 
WU-2   S - C8862 
 1. October 31 
 2. 13°17'N, 5°28'E, Wurno 
 3. Cultivated, abundant 
 4. Large irrigated field, over 1,000 ha, mentioned above as to WU-1. Cultivar - 

De Gaul. 
 5. No record for species names 
 6. 1 plant 
WU-3   G - C8863; S - C8864; L - W1600 
 1. October 31 
 2. 13°17'N, 5°28'E, Wurno 
 3. Weed in an abandoned rice field, occasional (G 90%) 
 4. The field located under a dam embankment has been abandoned for 3 years 

because of weed, particularly of O. longistaminata. Many of G plants 
showed intermediate wild-cultivated characters. S plants were also 
scattered. 

 5. Nos. 24, 33, 90, and 94 
 6. G - 37 plants; S - 6 plants; L - Bulk (9) 
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WU-4   G - C8865 
 1. October 31 
 2. 13°17'N, 5°28'E, Wurno 
 3. Cultivated, occasional (G 80%) 
 4. A field surrounded by dikes. Broadcasted. S was mix-grown. The G and S 

plants tended to be mimic. 
 5. No record for species names 
 6. 7 plants 
AR-1   S - C8866; G - C8867 
 1. November 1 
 2. 12°45'N, 4°26'E, Arugungu 
 3. Cultivated, abundant (G 20%) 
 4. A field without dikes at the margin of river flood plain ("Fadama"). 

Broadcasted. The maximum water depth seemed to be 20 cm. 
 5. No record for species names 
 6. s - 5 plants; G - 4 plants 
AR-2   G - C8868; L - W1602 
 1. November 1 
 2. 12°45'N, 4°26'E, Arugungu 
 3. G - Cultivated, abundant (G 100%); L - Weed, frequent 
 4. Field in river flood plain ("Fadama"), broadcasted. Maximum depth of water 

about 1 m. L is a major weed. 
 5. No record for species names 
 6. G - 20 plants; L - Bulk (4) 
AR-3   L - W1603 
 1. November 1 
 2. 12°45'N, 4°26'E, Arugungu 
 3. Weed, frequent 
 4. A swampy field beside a small river, vegetables are grown in the dry season. 

A fence was built beside which many L plants grew. 
 5. No record for species names 
 6. Bulk (31) 
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AR-4   L - W1604; B - W1605; G - C8869; S - C8870 
 1. November 1 
 2. 12°43'N, 4°53'E, Sainyinan Daji, 30 km E of Arugungu 
 3. G and S - Cultivated, frequent (G 55%); L - Weed, frequent; B - Weed, rare 
 4. Swampy lowland in a valley. A part was cultivated to rice, maize, tobacco, 

etc. The B plants were scattered among L plants, and had big leaves, stems, 
and panicles. They looked like L plants. Among the G plants, many different 
types were found. 

 5. No. 100 and an Echinochloa species 
 6. L - 29 plants; B - 8 plants; G - 25 plants; S - 5 plants 
AR-5   L - W1606; G - C8871 
 1. November 2 
 2. 12°46'N, 4°25'E, 1 km NW of Arugungu, southern side of the Sokoto River 
 3. L - Weed, frequent; G - cultivated, abundant (G 100%) 
 4. Field in river flood plain ("Fadama"), broadcasted. Maximum water depth 

80 to 100 cm. 
 5. Nos. 48, 49, 58, 112, and 113 
 6. L - Bulk (9); B - 8 plants 
AR-6   B - W1607; L - W1608; G - C8872 
 1. November 2 
 2. 12°46'N, 4°25'E, 2 km NW of Arugungu, northern side of the Sokoto River 
 3. B - Weed, occasional; L - Weed, frequent; G - Cultivated, abundant (G 100%) 
 4. Field in river flood plain ("Fadama"). G - broadcasted. Maximum water 

depth 80 to 150 cm. Farmers were harvesting. 
 5. No record for species names 
 6. B - 5 plants, L - Bulk (5); G - 16 plants 
AR-7   L - W1609 
 1. November 2 
 2. 12°48'N, 4°24'E, 8 km NW of Arugungu 
 3. Wild, frequent 
 4. River flood plain ("Fadama") left uncultivated, partly covered by L. 
 5. Nos. 42, 43, and 59 
 6. 39 plants 
AR-8   L - W1610 
 1. November 2 
 2. 12°48'N, 4°24'E, 8 km NW of Arugungu 
 3. Wild, frequent 
 4. The same site as of AR-7. The L plants in a depression were partly grazed. 
 5. Same as for AR-7 
 6. Bulk (11) 
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AR-9   B - W1611; G - C8873 
 1. November 2 
 2. 12°47'N, 4°25'E, 4 km NW of Arugungu 
 3. B - Wild, rare; G - Weed, frequent 
 4. Field in river flood plain ("Fadama") which might have been planted to G 

last year. The standing G plants could be due to natural seeding. There 
were many longistaminata plants though collection was not made. 

 5. No record for species names 
 6. B - 3 plants; G - 4 plants 
AR-10   L - W1612; S - C8874; G - C8875 
 1. November 3 
 2. 12°41'N, 4°24'E, 8 km SW of Arugungu 
 3. L - Weed, frequent; S and G - Cultivated, frequent 
 4. Swampy lowland in a valley. 1 m deep. S and G were deepwater types. The 

farmer made a fence along which many L plants grew. 
 5. No record 
 6. L - Bulk (15); S - 1 plant; G - 1 plant 
BK-1   B - W1613; L - W1614; G - C8876 
 1. November 3 
 2. 12°28'N, 4°11'E, Birnin Kebbi 
 3. B - Weed, rare; L - Weed, frequent; G - Cultivated, abundant (G 100%) 
 4. Field in river flood plain ("Fadama"). G - broadcasted. Farmers were 

harvesting. There were many different panicle types. 
 5. No record for species names 
 6. B - 7 plants; L - 10 plants; G - 18 plants 
SO-3   L - W1615; G - C8877; S - C8878 
 1. November 4 
 2. 12°56'N, 5°17'E, 1 km S of Sokoto 
 3. L - Weed, frequent; G and S - Cultivated, frequent (G 20%) 
 4. A field in which ridges were made and sweet potato and other vegetables 

were grown. Partly irrigated. Rice was mix-cropped, and L was a vigorous 
weed. 

 5. No. 31 
 6. L - Bulk; G - 8 plants; S - 3 plants 
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SO-4   S - C8879; G - C8880 
 1. November 4 
 2. 13°02'N, 5°15'E, Cement Factory side, 8 km W of Sokoto 
 3. Cultivated, abundant (G 20%) 
 4. Upland field which is not inundated in the rainy season. The panicles of S 

and G resembled each other in the shape. 
 5. No record for species names 
 6. S - 9 plants; G - 2 plants 
SO-5   B - W1616; G - C8881 
 1. November 4 
 2. 13°02'N, 5°15'E, Cement Factory side, 8 km W of Sokoto 
 3. B - Wild, rare; G - Cultivated, abundant (G 100%) 
 4. Field in river flood plain ("Fadama"). G - broadcasted. Maximum water 

depth about 20 cm. Some G plants appeared to be due to natural seeding, 
and B plants were found among such G plants. 

 5. No record for species names 
 6. B - 5 plants; G - 13 plants 
SO-6   L - W1617 
 1. November 4 
 2. 13°09'N, 5°20'E, 10 km N of Sokoto, northern border of the "Fadama" 
 3. Wild, abundant 
 4. River flood plain left uncultivated. Some parts were covered by L. The 

people harvest the straw for making hay. 
 5. Nos. 5, 53, 54, 58, 98, 99, and unidentified Ipomoea and Cyperus species (cf. 

Fig. 4) 
 6. Bulk 
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Sites of observation of upland savanna 

Site code 1. Date of observation 
 2. Latitude, longitude, and distance from a town 
 3. Characteristics of the site and other remarks 
 4. Major species identified I shown by species no. in Appendix II) 
 
B-11 1. October 14 
 2. 9°02'N, 6°09'E, Badeggi, 1 km W of Rice Res. Station 
 3. Woodland savanna, not much disturbed by man. Cover by trees 

about 6%. 
 4. Nos. 41, 64, 68, 95, & 107; Trees 15, 106, & 109 
B-12 1. October 14 
 2. 9°02'N, 6°09'E, Badeggi, 1 km W of Rice Res. Station 
 3. Crop field in fallow. Small shrubs of leguminous trees were 

scattered. 
 4. Nos. 41, 62, 94, 95, & 107; Trees 109 
Z-11 1. October 16 
 2. 11°13'N, 7°33'E, Zaria, 1 km S of Zaria Hotel 
 3. Sorghum field 
 4. Nos. 4, 25, 55, 56, 72, 73, & 77; Trees 10 & 86 
Z-12 1. October 16 
 2. 11°13'N, 7°33'E, Zaria, nearby Zaria Hotel 
 3. Grassland, heavily grazed 
 4. Ho record for species names. Grasses and sedges. 
D-11 1. October 19 
 2. 12°30'N, 8°31'E, 10 km N of Danbatta (near D-1) 
 3. Grassland near a sorghum field, heavily grazed 
 4. Nos. 12, 38, 43, & 72 
D-12 1. October 19 
 2. 12°30'N, 8°31'E, adjacent to D-11 
 3. Grassland, not grazed, near crop field 
 4. Nos. 12, 38, 43, & 81 
P-11, 12, 13, & 14 1. October 20 
 2. 11°43'N, 11°02'E, Potiskum, near the rest house 
 3. Grassland, slightly grazed. P-14 was heavily grazed. 
 4. Nos. 22, 38, 43, 47, 76, 98, 101, & 115; Trees 87 
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BM-11 1. October 22 
 2. 11°32'N, 13°37'E, Bama, near the Bama River 
 3. Slightly depressed grassland, central part still retaining 

moisture. Partly shaded by trees. 
 4. Nos. 2, 12, 27, 29, 41, 49, 60, 70, 74, 78, 102, & 103 
BM-12 1. October 22 
 2. 11°32'N, 13°37'E, Bama, adjacent to BM-11 
 3. Open and dry grassland, not disturbed 
 4. Nos. 12, 23, 27, 44, & 62 
BM-13 1. October 22 
 2. 11°34'N, 13°24'E, 30 km W of Bama 
 3. Grassland partly grazed and near crop field (cowpea, ground 

nut, millet, etc.) 
 4. Nos. 43, 47, 110, & 111; Trees 9, 13, 84, & 85 
M-11 1. October 23 
 2. 11°49'N, 12°53'E, 24 km W of Maiduguri 
 3. Bush savanna, partly burnt. Herbal plants not shaded by trees 

were wilted. 
 4. Nos. 69, 71, & 107; Trees 85, 105, & 114 
M-12 1. October 23 
 2. 11°49'N, 12°53'E, adjacent to M-11 
 3. Site under trees, and shaded. There were tree seedlings 

(one/m2). 
 4. Nos. 46, 47, 71, 72, & 107; Trees 6, 16, 90, 117 
NG-11 1. October 24 
 2. 12°19'N, 14°12'E, Ngala, near the rest house 
 3. Grassland near a village and crop field 
 4. Nos. 1, 41, 43, 47, & 96 
NG-12 1. October 24 
 2. 12°19'N, 14°12'E, adjacent to NG-11 
 3. Bush on a small sand-dune, 30 cm high and 5 m in diameter. 
 4. No. 47; Tree 104 
KR-11 & 12 1. October 29 
 2. 11°21'N, 9°46'E, 105 km W of Kari 
 3. Slope of a rocky hill 
 4. Nos. 1, 14, 38, 40, 65, 66, 80, & 97; Trees 7, 16, 21, & 116 
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AR-11 1. November 3 
 2. 12°41'N, 4°46'E, east part of Gijia Forest Reserve 
 3. Covered by trees (No. 16) about 30%, the remaining space by 

herbs. 
 4. Nos. 11, 43, 79, & 108; Trees 16 
AR-12 1. November 3 
 2. 12°41'N, 4°46'E, adjacent to AR-11, in Gijia Forest Reserve 
 3. Woodland on a gentle slope, undisturbed 
 4. Trees, Nos. 17, 19, 20, 84, & 89 
AR-13 1. November 3 
 2. 12°41'N, 4°46'E, adjacent to AR-11, in Gijia Forest Reserve 
 3. A depressed site in the woodland, undisturbed 
 4. Nos. 41 & 52; Trees 17 
AR-14 1. November 3 
 2. 12°41'N, 4°46'E, adjacent to AR-11, in Gijia Forest Reserve 
 3. Woodland on flat land, undisturbed 
 4. Nos. 43 & 108; Trees 16, 18, & 19 
SO-11 1. November 4 
 2. 13°09'N, 5°20'E, 10 km N of Sokoto, adjacent to SO-6 
 3. Gentle slope at the border of flood plain of the Sokoto River, (cf. 

Fig. 4) 
 4. Nos. 5, 53, 54, 58, 98, 99, and unidentified Ipomoea and Cyperus 

species, in addition to Oryza longistaminata 
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Observation and collection in Thailand 

B     O. perennis - W1551 
 1. November 27 
 2. 14°29'N, 100°57'E, 7 km E of Saraburi 
 3. Wild, occational 
 4. Lowland between road embankment and diked rice field. Cover 85%. The land 

was dry already. Height 65 cm. 
 5. Leguminosae, Cyperaceae, Polygonaceae, and Gramineae species 
 6. 31 plants, and seeds from ground surface 
C     O. perennis - W1552 
 1. November 27 
 2. 14°16'N, 100°38'E, 1 km S of Ayutthaya 
 3. Weed, occasional 
 4. Deepwater field, some 1 m deep. The wild rice grew along a small canal in the 

field. Cover 30%. Height above water about 1 m. 
 5. Cyperaceae sp., Paspulum and a Gramineae sp., and Ipomoea aquatica 
 6. 24 plants, and 21 plants from separate clumps of non-shedding type, and seeds 

from soil sample 
E     O. perennis - W1555 
 1. November 27 
 2. 14°34'N, 100°30'E, Anthong 
 3. Wild, frequent 
 4. Deepwater field, abandoned, some 2 m deep. A new embankment was built and 

rice was not grown any more; rice was grown in 1976. Cover 75%. There were 
plants with red (2/3) and white (1/3) awns. 

 5. Cyperaceae sp., Echinochloa sp. and Ipomoea aquatica 
 6. 83 panicles from 9 clumps 
A     O. perennis - W1560 
 1. November 28 
 2. 13°59'N, 100°38'E, 1 km S of Klong Luang Exp. Station 
 3. Wild, Occasional 
 4. Roadside lowland beside rice field in fallow, 25 cm deep. Cover 30%, height 1.4 

m. 
 5. Cyperaceae and Gramineae species 
 6. 9 plants
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These and 3 other sites (D: Maharat, F: Lattern, 34 km SW of Anthong, and G: 
Suphanburi) were visited by Oka in June 1976 and January 1977 for observation. The 
results of observation will be reported elsewhere. 
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APPENDIX II. Plant Species Identified by Dr. I.O. Akobundu, IITA 

(A - annual; P - perennial; T - tree) 
No. Latin name Family Life 

span 
Site of collection 

1 Monechma ciliatum (Jacq) Milne Acanthaceae A NG-11; KR-12 

2 Hygrophila auriculata (Schum) Heine " A BM-11 

3 " senegalensis (Nees) T. anders " A SO-1 

4 Acanthespermum hispidum DC " A Z-11 

5 Centrostachys aquatica (R. Br) Wall Amaranthaceae A SO-11 

6 Sclerocorya birrea Hochst Anacardiaceae T M-12 

7 Lannea sp. " T KR-11; KR-12 

8 Mangifera indica L " P Z-2 

9 Annona senegalensis Pers " T BM-13 

10 Adansonia digitata L Bombacaceae T Z-11 

11 Cassia mimosoides L Caesalpiniaceae P AR-11 

12 " tora L " P D-11; D-12; BM-11; 
BM-12 

13 Piliostigma reticulatum (DC) Hochst " T BM-13 

14 Detarium macrocarpum Harms " P KR-12 

15 Cochlospermum tinctorium A. Rich Cochlospermaceae T B-11 

16 Guiera senegalensis Gmel Combretaceae T M-12; KR-12; SO-1; 
AR-11; AR-14 

17 Combretum nigricans Guill " T AR-12; AR-13 

18 " " var. Ellioti, Engl & Diels " T AR-14 

19 Pteleopsis habeensis Aubrev ex Keay " T AR-12 

20 Combretum sp. " T AR-12 

21 " molle R. Br ex G. Don " T KR-12 

22 Commelina africana L var. africana Brenan Commelinaceae A P-12; P-14 

23 Tridax procumbens L Compositae A BM-12 

24 Ethulia conyzoides L " A WU-3* 

25 Ageratum conyzoides L Compositae A K-2*; Z-11 

26 Ipomoea aquatica Forsk Convolvulaceae P CH-1 

27 " asarifolia (Desv) Roem & Schult " P BM-11; BM-12; SO-1 

28 Pycreus flavescens (L) Reichenb Cyperaceae A T-1* 

29 Cyperus exaltatus Retz " A BM-11 

30 " pustulatus Vahl " A Z-4*; D-2; KN-1 

31 " difformis L " A B-1; SO-3 

32 Mariscus sp. " A CH-1 

33 Cyperus reduncus Boeck " A WU-3* 

34 " sp. "  M-1 
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35 " haspan L " P B-1 

36 Eleocharis acutangula (Roxb) Schult " P KN-3 

37 Eriocaulon afzelianum Wickstr ex Koern Eriocaulaceae A SO-1 

38 Pennisetum pedicellatum Trin Gramineae A D-12; P-11～14 
KR-1*; KR-12 

39 Leersia hexandra Swartz " P B-1; Z-2 

40 Loudetia arundinacea (Hochst) Steud " P KR-12 

41 Monocymbium ceresii Forme (Nees) Stapf " P B-11; B-12; BM-11; 
NG-11; AR-13 

42 Eragrostis atrovirens (Desv) Trin ex Steud " P AR-7; BM-12 

43 " tremula Hochst ex Steud " A P-12～14; BM-13; 
D-11 
NG-11; AR-7; AR-11 

44 Hyperthelia dissoluta (Nees ex Steud) Clayton " P T-1* 

45 Eragrostis gangetica (Roxb) Steud " A KN-1* 

46 Anthephora ampulacea Stapf & Hubbord " P M-12 

47 Cenchrus biflorus Roxb " A P-13; BM-13; NG-11; 
NG-12 

48 Sacciolepis africana Hubbord & Snowden " P AR-5* 

49 Vetiveria nigritana (Benth) Stapf " P BM-11; AR-5* 

50 Dinebra retroflexa Vahl " A NG-1* 

51 Olyra latifolia L " P NG-1* 

52 Loudetia togoensis (Pilget) Hubbord Gramineae A AR-13 

53 Aristida hordacea Kunth " A NG-2*; SO-11 

54 " adscensionis L " A SO-11 

55 Chloris pycnothrix Trin " P Z-11 

56 " pilosa Schum " A Z-11 

57 Sporobolus pyramidalis Beauv " P KN-3 

58 Echinochloa stagnina Beauv " P AR-5*; SO-11 

59 Panicum sp. "  AR-7 

60 Cynodon dactylon (L) Pers " P BM-11 

61 Echinochloa sp. " A B-1 

62 Panicum lindleyemum Nees ex Steud " A B-12; BM-12 

63 " repens L " P M-1 

64 Cynodon sp. " P B-11; M-1 

65 Andropogon pseudapricus Stapf " A KR-1*; KR-12 

66 Paspalum commersonii Lam " P KR-12 

67 Eragrostis sp. "  CH-1; CH-2 

68 Hyperthelia sp. "  B-11 

69 Schoenefeldia gracilis Kunth " A M-11; SO-1 

70 Panicum anabaptistum Steud " P BM-11 

71 Brachiaria deflexa (Schumach) Hubbord ex Robyns " A M-11; M-12 
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72 Digitaria horizontalis Willd " A Z-11; D-11; M-12 

73 Thelepogon elegans Roth ex Roem & Schult " A Z-11 

74 Echinochloa colona (L) Link " A Z-11; BM-11; SO-1 

75 Hyptis suaveolens Poit Labiatae A KR-1* 

76 Leonotis nepefifolia L " A P-11 

77 Hyptis lanceolata Poir " A Z-11 

78 Ammannia auriculata Willd Lythraceae A BM-11 

79 Sida cordifolia L Malvaceae P AR-11 

80 Urena lobata Malvaceae P KR-12 

81 Hibiscus asper Hook " A D-12 

82 Azadirachta indica A. Juss Meliaceae P MP-1 

83 Khaya senegalensis (Desv) A. Juss " P Z-3* 

84 Drosopis africana (Guill & Perr) Taub Mimosaveae T BM-13; AR-12 

85 Acacia seyal Del " T M-11; BM-13 

86 Parkia clappertoniona Keay " T Z-11 

87 Entada abyssinica Steud ex A. Rich " T P-11 

88 Acacia nilotica var. nilotica Willd ex Del " T CA-3 

89 " ataxacantha DC " T AR-12 

90 Ximenia americana L Olacaceae T M-12 

91 Jussiaea erecta L Onagraceae A SO-2*; WU-3* 

92 " abyssinica (A. Rich) Dandy & Bienan " A K-2*; SO-2* 

93 Jussiaea sp. "  BM-11 

94 Tephrosia barbigera Welv ex Benth Papilionaceae P B-12 

95 Indigofera bracteolata DC " A B-11; B-12 

96 Crotalaria senegalensis (Pus ex DC) Bacle " A NG-11 

97 Tephrosia bracteolata Guill & Perr " P KR-12 

98 Indigofera secundiflora Poir " P P-13; SO-11 

99 " pulchra Willd " P SO-11 

100 Aeschynomene sp. "  AR-4* 

101 Crotalaria sp. "  P-11; P-12 

102 Polygala arenaia Willd Polygalaceae A BM-11 

103 Polyganum salicifolium Brouss ex Willd " A BM-11 

104 Ziziphus spina-christi (L) Desv Rhamnaceae T NG-12 

105 " mauritiana Lam " T M-11 

106 Parinari polyandra Rosaceae T B-11 

107 Borreria radiata DC Rubiaceae A B-11; B-12; M-11; 
BM-13 

108 Borreria stachydea Hutch & Dalz Rubiaceae A KR-1*; AR-11 

109 Butyrospermum paradoxum (Gaerth) Hepper Sapotaceae T B-11; B-12 

110 Striga gesnerioides Vatice Scrophulariaceae P BM-13 

111 Sphenodea zeylanica Gaerth Sphenodeaceae A CA-4 
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112 Melochia melissifolia Benth Sterculiaceae A AR-7 

113 " corchorisfolia L " A AR-5*; AR-6* 

114 " setigera Del " T M-11 

115 Triumfetta rhombiodea Jacq Tiliaceae P P-11 

116 Vitex doniana Sweet Verbenaceae T KR-11; KR-12 

117 Balanites aegyptiaca Del Zygophyllaceae T M-12 

Site codes with two figures like NG-11, etc. show upland savannas. 
Those with one figure like SO-1, etc. show lowlands. * shows rice fields. 
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APPENDIX III. Abstract of Diary 

Oct. 3 Lv. Tokyo (PIA) 
 4 Ar. London - Birmingham (Train) 
 5 Visit: Department of Plant Biology, University of Birmingham, 

Prof. J. G. Hawkes, Drs. G.G. Henshaw (Meristem culture), B. 
Ford-Lloyd (Taxil program), D.A. Wilkins (Salinity tolerance), 
and Mrs. P. Mumford (Seed physiology). Birmingham - Liverpool 
(Train) 

 6 Visit: Department of Botany, University of Liverpool, Prof. A.D. 
Bradshaw, Drs. G. Russell (Copper tolerance, marine algae), T. 
McNeilly (Copper tolerance), P.D. Putwain (Weed evolution), M.R. 
MacNair (Mimulus), and J.A. Bishop (industrial melanism, etc.). 
Seminar by Oka: Copper tolerance of weeds in rice fields. 
Liverpool - Bangor (Train) 

 7 Visit: School of Plant Biology, University College of North Wales, 
Prof. J.L. Harper, and Dr. J.R. Witcombe (Wheat in Pakistan). 
Bangor - London (Train) 

 8 Visit: Kew Garden and Natural Science Museum. 
 9(Sun) Lv. London (BR) 
 10 Ar. Ikeja/Lagos - Ibadan (143 km) - International Institute of 

Tropical Agriculture (IITA). Visit: Drs. W.M. Steele and S.D. 
Sharma (Germplasm Collection Unit), Dr. B.N. Okigbo (Deputy 
Directorgeneral), and Dr. S.V. Shastry (Director of Research). 

 11 Visit: Drs. W.H. Reeves (Training Program), R. Lai (Soil), P. 
Goldsworthy (Legumes), I.W. Buddenhagen (Rice), I.O. 
Akobundu (Weed), and Mrs. Wilson (Yam). 

 12 Visit: National Cereals Research Institute at Moor Plantation, Dr. 
O.A. Atanda (Director), and Mr. J.O. Olufowote (Rice breeding). 
Obs/Col. - MP-1 

 13 Ibadan - Ilorin - Bida (438 km, Catering Rest House) 
 14 Badeggi Rice Research Station, Dr. K.A. Ayotade (Director). 

Obs/Col. - B-1, B-2, B-3, B-11, & B-12 
 15 Bida - Tegina - Kaduna - Zaria (421 km, Zaria Hotel) Obs/Col. - 

T-1, K-1, & K-2 
 16(Sun) Zaria suburbs. Obs/Col. - Z-1, Z-11, & Z-12 
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 17 Institute for Agricultural Research, Samaru, Ahmadu Bello 
University, Drs. A. Abdullahi (Director), E.F.I. Baker 
(Intercropping), E.L. Rouby (Sorghum), and S. Mustafa (Cotton); 
and National Animal Production Research Institute, Shika, Dr. 
P.N. de Leeuw (Pasture). 

 18 Zaria - Kano (172 km, Central Hotel). Visit: Agricultural 
Research Station, Dr. A.M. Fowler and Mr. D.M. Gwarzo. 
Obs/Col. - Z-2, Z-3, & Z-4 

 19 Kano - Danbatta - Kano (130 km). Obs/Col. - D-1, D-2, D-3, D-11 
& D-12 

 20 Kano - Kari - Potiskum (361 km, Catering Rest House) Obs/Col. - 
KN-1, KN-2, KN-3, & P-11～14 

 21 Potiskum - Maiduguri (235 km, E.C. Beach Guest House). Visit: 
Chad Basin Development Authority, Mr. Y.R.M. Bahaeldin (Asst. 
General Manager) 

 22 Maiduguri - Bama - Maiduguri (138 km). Obs/Col. - BM-11, 
BM-12, & BM-13 

 23(Sun) Maiduguri suburbs. Obs/Col. - M-1, M-11, & M-12 
 24 Maiduguri - Ngala (130 km, Catering Rest House). Visit: South 

Chad Irrigation Pilot Project, Mr. M.R. Merrett (Manager) 
Obs/Col. - NG-1, NG-2, NG-11, & NG-12 

 25 Ngala - Gambaru Border - N'Djamena (119 km, Hotel 
Tchadienne) Visit: Chad Basin Commission, and ORSTOM 
Centre de N'Djamena, Mr. G. Second and Mr. A. Borgel 

 26 N'Djamena - Tom Marefinn - N'Djamena (140 km, ORSTOM 
Residence) Trip with Messrs. Second and Vorgel. Obs/Col. - CH-1, 
CH-2, CH-3, & CH-4 

 27 N'Djamena - Ngala (119 km, Catering Rest House) Obs/Col. - 
CA-1, CA-2, CA-3, & CA-4 

 28 Ngala - Maiduguri - Potiskum (365 km, Catering Rest House) 
Obs/Col. - NG-3, NG-4, & NG-5 

 29 Potiskum - Kano - Zaria (533 km, Zaria Hotel) Obs/Col. - KR-1, 
KR-11, & KR-12 

 30(Sun) Zaria - Gusau - Sokoto (498 km, New Idea Rest House) Obs/Col. - 
Z-5, SO-1, & SO-2 

 31 Visit: Ministry of Agriculture, Sokoto State, Mr. C.C. O'Martins 
(Principal Agric. Officer under Permanent Secretary), and Mr. 
A.C. Akanji. Sokoto - Wurno - Sokoto - Kalmalo Irrigation Project 
- Birni-Nkonni - Sokoto (286 km). Obs/Col. - WU-1, WU-2, WU-3, 
& WU-4 
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Nov. 1 Sokoto - Sainyinan Daji - Arugungu - Sokoto (198 km, Govern. 
Residence). Visit: Argungu Agric. Extention Office, Mr. Adamu 
Kwazo. Obs/Col. - AR-1, AR-2, AR-3, & AR-4 

 2 Sokoto - Arugungu - Sokoto (198 km). Obs/Col. - AR-5, AR-6, 
AR-7, AR-8, & AR-9 

 3 Sokoto - Arugungu - Birnin Kebbi - Sokoto (304 km). Visit: 
Sokoto- Rima Basin Development Authority, Gwadu Rice Scheme, 
Birnin Kebbi, Mr. Rashid Malik, Irrigation Engineer, and Birnin 
Kebbi Rice Research Station. Obs/Col. - BK-1, AR-10, AR-11, 
AR-12, AR-13, & AR-14 

 4 Sokoto suburbs. Obs/Col. - SO-3, SO-4, SO-5, SO-6, & SO-11 
 5 Sokoto - Kontagora (456 km, Catering Rest House) 
 6(Sun) Kontagora - Ilorin - Oyo - Ibadan (456 km, IITA) 
 7 & 8 IITA. Work on collections and observation records. 
 9 IITA. Invited by Dr. W.K. Gamble (Director-general). Seminar by 

Oka: Rice species distributed in Africa and their 
interrelationships. 

 10 Ibadan - Abeokuta - Ikeja (177 km). Ikeja/Lagos - Abidjan (RK) 
Met by Dr. A. Charrier and Mr. G. Bezancon, ORSTOM Centre 
d'Adiopodoumé. 

 11 ORSTOM Centre d'Adiopodoumé. Visit: Dr. J.P. Tonnier 
(Director), Mr. Y. Savidan (Panicum) and Mr. Trouslot (Isozyme). 

 12 Abidjan - Dabou (Centre de Semence, Mr. L.T. Wu) - 
Yamoussoukro - Kossou Dam - Bouaké (452 km, IRAT Residence), 
trip with Mr. G. Bezancon. 

 13(Sun) Bouaké market and IRAT experimental fields. 
 14 Station IRAT de Bouaké. Visit: Dr. M. Arraudeau (Director), Mr. 

Francois Rene and Mr. D. Louvel (Pathology) 
 15 Bouaké - Abidjan (Train). Met by Messrs. Charrier and Bezancon. 

Lv. Abidjan (UTA) 
 16 Ar. Marseilles - Montpellier (Taxi). Visit: Centre d'Etudes 

Phytosociologiques et Ecologiques (CEPE), Drs. P. Jacquard, G. 
Valdeylon, and T. Konishi. 

 17 CEPE. Drs. R. Lumaret (Orchard grass), B. Dommée (Thymus), 
and P.H. Gouyon (Thymus). Visit: IRAT, Drs. M. Jacquot and M. 
Arnaud (Multivariate analysis). 

 18 CEPE. Dr. Kheyr Pour. Visit: Station d'Amélioration des Plantes, 
INRA, Dr. R. Marie. 

 19 Montpellier suburbs. Invited by Dr. P. Jacquard. 
 20(Sun) Montpellier - Paris (Train) 
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 21 Paris. Work on observation records. 
 22 Visit: CNRS Genetique et Physiologie du Developpement des 

Plantes, Gif-sur-Yvette, Mrs. D.H. Bui (Tissue culture under Dr. 
J. Pernes), and Laboratoire d'Amelioration des Plantes, 
Université de Paris-Sud, Orsay, Prof. Y. Demarly, and Dr. A. 
Bervillé. 

 23 Visit: IRAT Office, Mr. G. Vallaeys (Directeur General Adjoint). 
Work on observation records. 

 24 Lv. Paris (PIA) 
 25 Ar. & Lv. Karachi 
 26 Ar. Bangkok (Amarin Hotel). Met by Dr. B.R. Jackson and Mr. M. 

Kobayashi. 
 27(Sun) Bangkok - Bangkhen - Saraburi - Pukae Botanical Garden - 

Lopburi - Tawoung - Anthong - Ayutthaya - Hantra - Bangkhen - 
Bangkok (370 km), trip with Messrs. Sermsak Awakul and 
Noppon Supapoj, Rice Division, Department of Agriculture, 
Bangkhen. Obs/Col. - B, C, & E 

 28 Visit: Rice Division, Department of Agriculture, Dr. B.R. Jackson, 
Dr. J. Takahashi, Mr. T. Yagi, Mr. Chai Prechachat, and Mr. 
Chalit Sethabutara. Bangkhen - Klong Luang Rice Exp. Station - 
Nonburi (Wat Mai Tang Luang temple) - Bangkhen,(40 km), trip 
with Messrs. Noppon Supapoi and T. Yagi. Obs/Col. - A 

 29 Lv. Bangkok - Tokyo (PIA) 



 

 
- 338 - 

 
1. Oryza breviligulata in a pond, about 70 cm deep, in northern Nigeria 

(KN-2, Oct. 20; cf. Text p.32) 

 
2. Oryza breviligulata growing along the fringe of a natural depression in 

Chad (CH-2, Oct. 26; cf. Text p.32) 
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3. Bundles of O. breviligulata panicles for preserving grain from 

shedding and for harvesting, in Chad (Tom Mareffing, Oct. 26; cf. 
Text p.33) 

 
4. Harvesting O. breviligulata grain by sweeping the panicles with a 

basket, in Chad (Tom Mareffing, Oct. 26; cf. Text p.33) 
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5. Oryza breviligulata grain harvested and threshed, in Chad (Tom 
Mareffing, Oct. 26; cf. Text p.33) 

 
6. A large population of O. breviligulata under scattered Acacia trees in 

northern Cameroun (CA-3, Oct. 27; cf. Text p.33) 
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7. Habitat segregation between O. breviligulata (front) and O. 
longistaminata (back) in northern Nigeria (NG-5, Oct. 28; cf. Text 
p.34) 

 
8. Oryza punctata plants in partly shaded river-side marsh at Moor 

Plantation-, Ibadan (MP-1, Oct. 11; cf. Text p.28) 
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9. Seeds of O. breviligulata shed on the ground, at Ngala, northern 

Nigeria (NG-4, Oct. 28) 

 
10. Seeds of O. longistaminata shed on the ground, at Sokoto, northern 

Nigeria (SO-6, Nov. 4) 
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11. An upland rice field on a gentle slope, where O. glaberrima and O. 

sativa were dibbled in mixture, between Bida and Kaduna, Nigeria 
(T-1, Oct. 15; cf. Text p.36) 

 
12. A rice field with broadcasted O. glaberrima and O. sativa in mixture, 

at Danbatta, northern Nigeria (D-1, Oct. 19; cf. Text p.38) 
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13. Harvesting O. glaberrima in the river flood plain called "Fadama" at 
Arugungu, northern Nigeria (AR-6, Nov. 2; cf. Text p.44) 

 
14. Threshing rice panicles by beating in northern Nigeria (Gusau, Oct. 

30; cf. Text p.37) 
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15. An earthen jar for grain storage called "Rumbu" in northern Nigeria 

(near Arugungu, Nov. 3; cf. Text p.51) 

 
16. A bee visiting flowers of a scent variety of O. sativa, in the 

experimental field of the IITA (Oct. 11) 
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Abstract 

Two wild rice species, the Oceanian type of Oryza perennis complex (= O. 
rufipogon) and O. australiensis, are distributed in tropical Australia. The germ plasms 
of these taxa so far made available for us were quite limited and were not enough for 
variation studies. Also, there was no publication on the conditions of their natural 
habitats. I had a chance to visit Darwin and Kununurra in the early April of 1978, and 
observed wild rice populations at 11 sites. Of them one was of O. australiensis, eight 
were of O. perennis, and the remaining two had both species growing sympatrically. 

Both of the two species were found in marshes and river flood plains, which are 
inundated (50 cm or less) in the rainy season but are dry in the dry season. The 
Oceanian type of O. perennis is an annual grass. It formed big populations in river 
flood plains. A hill or a small clump consisted of many plants each with one or a few 
tillers. Some plants standing in water showed floating habit. The naturally shed seeds 
were found sticking in the mud with their strong awns. At three sites, a part of the 
population was in the shade of trees. The plants under trees were small in size and 
late-maturing. Four populations were in pasture or in roadside ditch, while others 
were in the natural state. Plants growing in a rice field as a weed were also found. 

O. australiensis had short rhizomes, and appeared to be of perennial habit. But 
the populations consisted of scattered small clumps each with several panicles, 
suggesting that reproduction was mainly by seed. When this species was sympatric 
with O. perennis, it occurred in a somewhat elevated place as compared with the latter 
in lower places. On the basis of these observations and those from our previous 
study-tours in other parts of the world, the conditions of the habitats are compared 
among wild Oryza species. 
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Foreword 

Two wild species of rice, Oryza perennis Moench (also called O. rufipogon Griff.) 
and O. australiensis Domin, are found in tropical Australia. O. perennis is a complex in 
which various types are comprised, and those types are divisible into four geographical 
groups or forms, i.e., Asian, African (subsp. barthii or O. longistaminata), American, 
and Oceanian (Morishima 1969, by numerical taxonomic analysis of character 
variations; Chu et al. 1969, on the basis of reproductive isolating barriers). The Asian 
form shows a perennialannual continuum, and its perennial type may be the wild 
progenitor of O. sativa L. (Oka 1964, 1974). The O. perennis complex and O. sativa, as 
well as the African rice species, O. breviligulata Chev. et Roehr. (wild) and O. 
glaberrima (cultivated), have n = 12 chromosomes which normally pair in the F1 
hybrids (genome A). 

Oryza australiensis is also a diploid species (n = 12) endemic to tropical Australia. 
Experimentally, this species could be hybridized with O. sativa and its relatives (with 
genome A), and also with some taxa of O. officinalis complex (O. officinalis Wall, O. 
minuta Presl, O. punctata Kotschy, O. latifolia Desv., etc. with genomes B, C, and/or D), 
even though the rate of success of crossing was low. As the chromosomes of O. 
australiensis contain a large amount of heterochromatin and do not pair with those 
from other species in the hybrids, the genome of this species is denoted by E (IRRI 
1964, p.254). Yet, the phylogenetic relationships of this with other Oryza species 
remain largely unknown. 

Only a few strains of the Oceanian form of O. perennis and O. australiensis have 
so far been made available for rice workers. There were not enough strains for 
observing intra-taxon variations and no publication on the conditions of their natural 
habitats. Though O. australiensis was intensively studied by the late Dr. H. W. Li and 
coworkers in Taiwan (Wu et al. 1967; Ku et al. 1969), the species was represented by 
only one strain of unknown origin (W008 in our stock). It was our hope to visit tropical 
Australia for an observation of the habitats and collection of more seeds. 

Under generous approval of the Ministry of Education, I had a chance to visit 
tropical Australia for 6 days in early April, 1978. Under kind arrangements and helps 
given by Mr. D.R. Airey (Darwin), Mr. A.L. Chapman (Kununurra), and other officers 
(as mentioned in Acknowledgements), I could observe 11 sites where the wild rice 
species grew. The seeds were collected from each population as random samples on a 
single plant basis or in bulk.
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An Overview of Environment in Tropical Australia 

The climate in northern Australia is characterized by the occurrence of a rainy 
(monsoonal, December-March) and a dry (May-October) season. The temperatures are 
appreciably high throughout the year. The length of the rainy season and total rainfall 
depend, roughly speaking, on the latitude or the distance from the coast of Arafura Sea 
(Fig. 1). Arnhem land (Darwin and east) has a rainfall exceeding 1,400 mm per annum, 
but rainfall sharply decreases with increasing latitude. The Kimberley District 
(northern part of Western Australia) has an about 700 mm rainfall. 

 
Fig. 1. North Australian climates according to the Papadakis' system, (after Reid et al. 

1976) 

 
As there is a long dry season, tropical rain forest does not develop much. In 

physiognomy, the vegetation in the suburbs of Darwin looked like the Guinea savanna 
in West Africa, and that around Kununurra looked like the Sudan savanna, though the 
predominant trees were Eucalyptus species. In Kununurra, a tall grass (Sorghum 
australiense) dominated in the savanna, and the baobab or bottle trees (Adansonia 
gregorii) were scattered making the landscape quite similar to the West African inland. 
A small tree with big leaves commonly seen in West Africa, Calotropis procera, was 
also found, which was due to accidental introduction. 

The savanna is burned by the aboriginal people, and also by the managers of 
cattle stations to forestall a less manageable fire later in the dry season. It is said that 
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the Eucalyptus trees are relatively tolerant to fire as are Acacia trees in West Africa. 
There are gentle undulations bringing about different physiographic conditions, i.e., 
upland, lowland or swamp, and river flood plain. Wild rice species are found in river 
flood plains and swamps which are inundated in the rainy season. 
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Agricultural Activities 

To explore the possibility of developing agriculture and animal industry has been 
a major task for British settlers and their government since 1850's (Curteis 1965). 
Livestock (cattle, sheep, buffalo, etc.) were introduced in the early days, but some of 
them either escaping from the farms or abandoned have joined the natural ecosystem. 
The settlers also tested various arable crops including cotton, sugarcane, grain 
sorghum, maize, rice, peanut, soybean and other grain legumes, sesame, sunflower, 
kenaf, etc. Recently, dams (the biggest is the Ord River Dam, completed in 1972) were 
constructed, and mechanized cropping systems with or without irrigation were 
developed. The Kimberley Research Station, CSIRO, Division of Tropical Crops and 
Pastures, near Kununurra is the oldest center of agricultural research in this area. 

Rice is grown in the lowland areas along rivers or on irrigable plains. The soils 
are generally alluvial clay, and tend to be alkaline where the parent rock is calcareous 
(around Kununurra). In some coastal areas where tide comes up along the river, 
salinity is high in accordance with the condition of soil deposition. In the early days, 
rice was grown by Malayan and Chinese immigrants in a small scale by transplanting. 
At present, rice culture is entirely mechanized, with irrigation or depending upon 
natural rainfall. Rice and pasture rotation is also practiced. The crop is usually sown 
at the advent of the rainy season in November, though dry season cropping is possible 
where water is available. IR varieties (from the International Rice Research Institute) 
and their local selections are mainly used. The seed is usually drilled, but aerial 
seeding is also done. Fertilizers are applied at an average rate of 100-150 kg N and 40 
kg P2O5 per ha. Yields in excess of 5 ton/ha have been achieved, and the crop is a 
commercial success on the Ord. Major pests are stem borers, but leaf hoppers, leaf 
rollers and army worms sometimes occur. 

The blast disease is sometimes a problem. Another problem is bird damage, 
which makes the dry season cropping difficult. Major weeds are Echinochloa colonum 
and Sesbania benthamiana. Oryza perennis may also be a weed in some place. 
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Habitats of Wild Rice Species in Tropical Australia (cf. Tables 1 & 2) 

Wild rice populations were observed at 11 sites in total (Table 1). Of them, one 
(KN-3) was of O. australiensis, eight were of O. perennis, and the remaining two (AD-2 
and KN-1) had both species growing sympatrically. 

All 10 populations of O. perennis observed were in swampy depressions or in 
river flood plains, where water stood (depth being less than 50 cm) or the land was 
already dry at the time of visit in early April. All the sites would be submerged in the 
rainy season. But the maximum water depth did not seem to exceed half a meter in 
most sites. The O. perennis plants have a floating ability and express "kneeing" habit 
(the panicle-bearing stems stand up after the plant once lodged in accordance with 
receding water), and this makes it possible to judge the maximum water depth. In the 
dry season, the swamps become dry. 

In their populations, the plants of this species formed clumps of different sizes 
and coexisted with other herbs as will be mentioned later. Big populations extending 
over 1 km2 were observed in the Adelaide River Plain about 65 km south-east of 
Darwin. A plant in a clump had few tillers possibly because of high density of the stand. 
But scattered single plants had more tillers indicating their plasticity in tillering. 

The Oceanian form of O. perennis is an annual grass. A few strains planted in our 
greenhouse at Misima died after seed maturity, and their excised stem segments 
showed a low regenerating ability in our cutting experiments. In accordance with their 
annual habit, the plants produce many seeds with well-developed awns, and have a 
high seed fertility. At the sites where the plants reached full maturity, many seeds 
were found sticking in the mud with their strong awns. They will penetrate in the soil 
to raise the next generation. When dropped from a height of 1 m on a towel spread on 
the floor, all the seeds could stand upright on the towel. However, no buried seeds were 
found in soil samples taken from a site with immature plants. 

In certain populations (KN-2, TF-1, etc.), it was found further that several seeds 
were stuck together by their awn tips and were hanging from the panicle after being 
shed as if they were tied up by spider thread. They might have adhered when they 
came out of the leaf sheath as the awns had strong bristles. This behavior may restrict 
seed dispersal to some extent. Its ecological significance remains as a question. 

All the 10 habitats of O. perennis were largely under full sunshine. But in three 
of them which were surrounded by forest (AD-1, KN-2, and KN-4), some plants were 
found scattered in the shade of trees (Fig. 2). Those plants were generally 
short-statured, slender and later-maturing, and had few tillers and small panicles 
(Table 2). 
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Of the 10 habitats, 4 (AD-2, AD-3, TF-1, and TF-2) were in pasture or in roadside 
ditch and were subjected to disturbance to some extent. In a rice field where seed was 
broadcasted (near AD-3), a number of perennis plants were scattered as a weed. The 
other sites appeared undisturbed, though some were partly grazed. According to Mr. 
J.E. Barnes, Ayr, North Queensland, this species is "becoming more widespread in the 
Burdekin area due to the rice production and the availability of water at times when 
water would not be naturally available". 

The Oceanian form of O. perennis is distributed from Kimberley, Western 
Australia, through Arnhem Land, Northern Territory, to Queensland (Ingham, 
Burdekin River Valley, etc., near Townsville). It is also found in New Guinea. A former 
colleague of ours, Dr. T.C. Katayama, visited Papua and New Guinea in 1961 March 
and obtained 5 strains. Examinations of their characters and pollen fertilities of their 
F1 plants with test-strains showed that two of them (W1235 from Meranke and W1239 
from Sakor River, formerly Netherlands New Guinea) were of the Oceanian form, 
while the remaining three (W1230 and W1238 from Baad, the Koemba River side, 
Netherlands New Guinea, and W1236 from Madang, formerly Australian New Guinea) 
belonged to the Asian form. The distinction was based primarily on the fact that the F1 
plants of the Oceanian form with sativa testers showed nearly 0% pollen fertility and 
those with an Asian perennis tester showed 15-30% pollen fertility, while the F1 plants 
of the Asian form with these test-strains were highly fertile. The Oceanian form 
produced sterile F1 hybrids also with the American and African forms of O. perennis 
complex. It may be asserted that in New Guinea both the Oceanian and Asian forms of 
O. perennis are distributed. 
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Table 1. Summary of observations on the habitats of Oryza perennis (P) and O. 
australiensis (A) 

Site code; 
Acc. no.* 

Species Water 
regime; 
depth 

Disturbance 
& grazing 

Light condition Popul. size or 
status & cover 

No. of major 
sympatric 

herb species 
(inc. Oryza) 

No. of 
photos 
(Fig. of 
profile) 

AD-1 P Marsh 
10-50cm 

Natural a) Open   20 x 200m 
70% 

3 7 
(Fig. 2a) 

W1625/6 b) Shaded 

AD (Plain) P River plain Partly 
grazed 

 Open  Over 1 km2 
Clumps 
scattered 

13 7 

AD-2 P Marshy 
pasture 
0-10cm 

Subject to 
disturbance 

 Open  Over 1 km2 
clumps 
20% 

5 6 

W1627 

AD-3 P Ditch 
0-10cm 

"  Open  Clumps 
100% 

4 7 
(Fig. 2b) 

W1628 A Dry "  "  Scattered 

KN-1 P Marsh 
0-10cm 

Water 
controlled 
by dam 

 Open  Over 1 km2 
Scattered 
clumps 

14 8 

W1629 

W1630 A " "  "  " 

KN-2 P Shallow 
pond 
10-50cm 

Natural a) Open  Over 1 ha 
30-50% 

5 10 
(Fig. 2c) 

W1631 
(=W1561) 

b) Shaded  5% 4 

KN-3 A Old soil 
deposit dry 

Disturb. 16 
years ago 

 Open  10 x 30m 
Scattered 
clumps 

7 3 

W1632 
(=W1562) 

KN-4 P Shallow 
pond 

Partly 
grazed 

 Open-shaded  30 x 300m 
Scattered 
clumps 

2 5 

W1633 

KN-5 P Depression 
in 
grassland 
dry 

Natural  Open  Over 1 ha 
Scattered 
plants 20% 

3 4 

W1634 

TF-1 P Roadside 
ditch 
10cm 

Subject to 
disturbance 

 Open  10 x 30m 
Clumps 
50% 

3 8 

W1635 

TF-2 P Roadside 
ditch 
10-20cm 

Adjacent 
field 
planted to 
rice 4 years 
ago 

 Open a) 10 x 30m 
clump 

3 2 

W1636/7   b) scattered 
with O. 
sativa 

4 1 

* Accession no. in Plant Germplasm Laboratory, National Institute of Genetics
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Table 2. Characters of Oryza perennis (P) and O. australiensis (A) recorded at their 
habitats 

Site code; 
Acc. no. 

Spei
ces 

Height 
(m) 

Panicle 
No. per 
plant 

Panicle 
length 
(cm) 

Panicle 
shape 

Close or 
Open 

Awn 
length 
(cm) 

Awn 
color 

White 
or Red 

Grain 
color 

Black: 
Yellow 

Helmin- 
Thospo- 

rium spot 

Seeds 
collected 

(No. of plants) 

AD-1 
a) W1625 
b) W1626 

P a) 1.5 1.0 27.2±3.7 C : O 
(9:1) 

11-14 W : R 
(5:5) 

B + 16 plants & 
Bulk 

 b) 0.9 1.0 15.0±2.2 C : O  W : R B  1 plant 

AD-2 P  1.3 Several 23.3±2.7 C : O 10-14 W : R 
(7:3) 

B ++ 7 plants & 
Bulk 

W1627 

AD-3 A  2.1 4.5 35.4 O   B  Bulk (5) 

W1628 

KN-1 P i)* 
ii) 

1.0 
0.9 

2.3±1.0 
4.0±1.3 

22.7±2.8 
20.1±1.8 

C 
C 

7-10 
9-11 

W 
W 

B 
B 

(-) 
(-) 

8 & Bulk 
11 plants & 
Bulk 

W1629 

W1630 A  1.9 5.5 38.7 O   B ± 3 & Bulk 

KN-2 P a) 
b) 

1.0 
0.6 

2.6±1.5 
1.0 

21.9±3.0 C : O 
C 

11-14 
9-11 

W 
W 

B 
B 

- 
- 

27 plants & 
Bulk 

W1631 
(=W1561) 

KN-3 A  2.0 6.7 36.5 O   B (-) 2 plants 

W1632 
(=W1562) 

KN-4 P  1.0 A few 29.3±4.3 C 10-13 W B (-) Bulk (6) 
(immature) 

W1633 

KN-5 P  0.9 1-3 21.0±1.9 C 10-13 W B (-) Bulk (4) 
(immature) 

W1634 

TF-1 P  1.0 1-3 23.8±2.2 C : O 10-12 W B : Y 
(3:7) 

(-) 18 plants & 
Bulk 

W1635 

TF-2 
a) W1636 
b) W1637 

P a) 1.5 Many 25.0±2.7 C 12-15 W B : Y 
(9:1) 

(-) 15 plants & 
Bulk 

b) 1.0 Many C W B   Bulk (3) 

* KN-1 i) Plants in a clump of about 50; ii) Scattered single plants 
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a) AD-1 

 

b) AD-3 

 
c) KN-2 

 

Fig. 2. Profiles of the habitat of wild Oryza species in tropical Australia
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In New Guinea, a strain of the Oceanian form (W1235) was found in a halfshaded 
muddy swamp, while the others were in open swamps. All the habitats appeared to be 
undisturbed. But, since Katayama's own collection was W1230 only and the other four 
were obtained through the kindness of the men who helped him (Mr. J. Verchueren and 
Mr. J.R. Vicary), no more detailed information is available as to the habitats in New 
Guinea. 

O. australiensis is endemic to tropical Australia. It was sympatric with O. 
perennis in two of three populations observed. There, this species occurred in a more or 
less (10-50 cm) elevated place (Fig. 2b). The two species thus showed a trend to habitat 
segregation. The populations of O. australiensis were generally small, each consisting 
of 10 to 20 scattered clumps. All of them were in open places exposed to the sun. 

O. australiensis appears to be of perennial habit. The plants could be kept alive 
for many years in our greenhouse. By digging up the stubble at their habitats, it was 
found that the plants had short (5 cm or less) rhizomes at a depth of about 10 cm. 
However, big clumps as established by rhizomatous propagation, as found in the 
African form of O. perennis which is rhizomatous, were not found. Scattered small 
clumps each had several panicles only. This suggests that reproduction is mainly by 
seed, though a stubble may persist for years if once established and the environment is 
favorable. 

The habitat of O. australiensis may be compared with those of O. offici- nalis and 
other species distantly related to the cultivated species. It seems that there is no other 
species showing the same habitat preference as of O. australiensis (Table 3). 
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Comparison of Habitats among Taxa of Oryza perennis Complex (cf. Table 3) 

The various strains belonging to this species complex are divisible into the Asian, 
African, American and Oceanian forms, as mentioned. The Asian strains showing a 
perennial-annual continuum were conventionally divided into perennial, intermediate, 
and annual types by Morishima et al. (l96l). The perennial type was found in deep 
ponds or ditches which would retain some moisture in the dry season, while the annual 
type was distributed in temporary swamps which would be parched in the dry season. 
The former habitat was considered more stable than the latter (Morishima et al. 196l). 
Yet, the habitats of the Asian form were in a greater part close to rice fields and were 
appreciably disturbed by man. 

The African form (subsp. barthii or O. longistaminata) is distributed from West 
Africa to Madagascar. It differs from other forms of the species complex in its 
rhizomatous habit and partial self-incompatibility. In West Africa, further, an endemic 
annual species, O. breviligulata, is found, and it is considered to be the wild progenitor 
of the cultivated species, O. glaberrima. The two wild species were often sympatric, but 
barthii tended to choose slightly elevated position and showed habitat segregation with 
breviligulata (Oka et al. 1978). Their habitats were often disturbed by man or grazed 
by animals. In both tropical Asia and West Africa where cultivated rice species (O. 
sativa and O. glaberrima, respectively) have evolved in ancient times, it is observed in 
the present day that wild rice populations are located close to rice fields. 

In tropical America, large populations of O. perennis were found in swamps 
surrounded by forest and deeply inundated. The habitats were exposed to sunshine 
and were in the natural state. In the Amazon basin, the swamps remain moist 
throughout the year, but the level of water changes greatly according to the season. 
The American strains showed a range in perenniality. 

The Oceanian form of O. perennis may be distinguished from other forms by 
certain ecological features, i.e., 1) annual habit, 2) shallow inundation of the habitat, 
and 3) adaptability to shading. The habitats, though some have been recently 
disturbed by farming and grazing, largely remain in the natural state. In this respect, 
the Oceanian form may be compared with the American form. 

Introgression of the genes of cultivated rice to wild rice populations has been 
observed in Asia and Africa, and an exceptional case in Cuba, and its evolutionary 
significance has been discussed (Oka and Chang 1961; Chu and Oka 1970). It still 
remains unknown whether or not introgression between sativa and perennis has taken 
place in tropical Australia. The population showing yellow grain color (TF-1) may 
deserve investigation from this viewpoint. 
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In the inland of India, West Africa and South America, some native people collect 
the grain of wild rice for food. This might be a tradition inherited from the neolithic 
time (Oka and Morishima 1971; Oka et al. 1978). According to Mr. D.R. Airey, the 
Australian aboriginal people harvested the grain of wild rice in the past. Cribb and 
Cribb (1974) state in their book on "Wild food in Australia" (p.101-2) that "as the 
swamps dried out the grain was harvested. Chaff was removed by rubbing in wooden 
troughs; according to one account bundles of the grass were kept under water for a 
considerable time before being winnowed; according to another, the straw was burned 
and the seeds removed from the ash. The grains, rather smaller than commercial rice, 
were then ground between stones, mixed with water and baked". 
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Table 3. Comparison of habitats among taxa of wild rice 
Taxon Water depth in 

early dry 

season (cm) 

Light; 

Open or 

shaded 

Disturbance or 

grazing* 

Distance from nearest 

rice field (m) 

Region 0 <50 >50 Op. Sh. 0 1 2 3 <2 <20 >20 Far 

O. perennis,               

Asian form,               

India & Thailand              

Perennial  4 14 18  

1 20 18 13 

6 6 5 1 

Intermediate  11 3 14  4 7 1  

Annual 7 13  20  5 10 4 1 

Philippines & Indonesia  6 1 7  1 6     5 2 

African form 

(subsp. barthii) 

             

West Africa 21 33 21 75  8 14 15 29 27 14 10 24 

East Africa 1 6  7  4 1 2   1 1 5 

Madagascar 1 3  4  1 2 1   1 2 1 

American form 2 3 8 13  12   1 1   12 

Oceanian form              

New Guinea  2  1 1 2       2 

N. Australia 1 9  7 31) 5 4  1 1   9 

O. breviligulata 16 22 17 55  10 10 8 9 17 4 10 24 

O. australiensis 3   3  2 1     1 2 

O. officinalis 20 26 5 23 28 19 21 7 4 2 1 8 40 

O. minuta 7 19  8 18 17 6 3   2 3 21 

O. punctata,              

West Africa 3 6  6 3 4 2 1 2 2   7 

East Africa  4  1 3 3 1      4 

O. eichingeri 2 11   13 12 1      13 

O. latifolia 8 4 1 8 5 4 9      13 

O. grandiglumis 1  1 1 1 2       2 

O. brachvantha  7  7  7       7 

O. ridleyi 2    2 2      1 1 

O. longiglumis   3  3 3       3 

O. meyeriana & O. abromeitiana 8       8 8             8 

* 0 - natural;  1 - partly disturbed (like roadside);  2 - adjacent to crop field or heavily 
grazed;  3 - in rice field 

1) A part of the population was shaded by trees.
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Records of Observations of Wild Rice Populations (cf. Tables 1 & 2) 

AD-1    O. perennis  a) W1625 (open swamp);  b) W1626 (under trees) (Fig. 2a) 

April 6, 12°31'S 131°19'E, Middle Point Village, 3 km to the Adelaide River, 65 km SE 
of Darwin. Guided by Messrs. T. Kilpatrick and R. Wesley-Smith of the Department of 
Northern Territory, and with Dr. D.J. MacDonald from Yanco. 
Swampy lowland between road embankment and a forest of Melaleuca & Eucalyptus 
trees, water depth 10-50 cm. On the periphery of the swamp, O. perennis (cover 70%, 
1.1 m above water) grew together with a Panicum species (10%, 0.7 m) and a 
deepwater grass (Hymenachne acutigluma). The central part of the swamp was 
occupied by spike rush (Eleocharis acicularis). A clump of O. perennis consisted of 
many small clumps which each appeared as if it were a plant with many tillers; but it 
was made of a number of plants each with a single panicle. Some were very small and 
had no panicle. The clumps showed variations in awn color (white:red) and panicle 
shape (closed:open). There were large lesions of Helminthosporium spots on the leaves. 
O. perennis plants were also distributed in the forest where water depth was about 10 
cm. The plants under trees were short-statured (70-90 cm above water) and slender, 
and had a small panicle. 
In the flood plain of the Adelaide River, big populations of O. perennis were found 
extending over a few kilometers. The depth of water was 0 to 10 cm at the time of visit, 
and there were scattered ponds with spike rush populations. There were buffalos 
which have become semi-wild. There was a fence on one side of which the plants were 
grazed. There, grazed plants of O. perennis were shorter than those not grazed. The 
marshy plain is parched in the dry season. Then the plants will be heavily grazed. The 
wild rice plants formed clumps of varying size, but scattered single plants were also 
found. The grassland had a high species diversity; at least 12 plant species were found 
(Commelina lanceolata, Echinochloa colonum, Sida sp., Jatropha sp., Aeschynomene 
sp., etc.). 

AD-2    O. perennis  W1627 

April 6, 12°30'S 131°18'E, Pasture field of the Middle Point Village Coastal Plains 
Research Station (CPRS). 
The field was sectioned by roads and irrigation-drainage canals at about 1 km interval, 
and was partly planted to rice (IR varieties, broadcasted with 100 kg/ha N). The other 
part was used as pasture, but grazing was not heavy. The soil was sticky and black 
alluvial clay (pH 5.0). Populations of O. perennis were scattered in the pasture and 
roadside ditch. They are subject to disturbance and grazing to some extent, but the 
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observed site appeared to be undisturbed. The wild rice formed big clumps (covering 
about 20% of the area) with spike rush, buffalo clover (Alysicarpus vaginalis) and 2 
other species. Water depth was 0 to 10 cm, and clumps with red awns and those with 
white awns, each covering a several square meter area, stood side by side. The plants 
had 2 to 5 panicles, and showed a high seed fertility. 
In a rice field (IR8, 200 kg/ha seed broadcast), a number of perennis plants were 
scattered as a weed. They were about 20 cm higher than the mature semi-dwarf 
cultivar, and each plant had several panicles perhaps in response to fertilizer 
application. 
A major pest in the rice field is stem borers (5 species, Tryporyza innotata most 
important). White head due to stem-borer infestation were observed in both the 
cultivated and wild rices. According to Dr. C.S. Li (Entomologist, Exp. Sta., Northern 
Territory Administration), the wild rice is not infested much by stem borers as 
compared with cultivated rice. 

AD-3    O. perennis and O. australiensis W1628 

April 6, 12°30'S 131°18'E, in the same field as of AD-2. (Fig. 2b) A roadside ditch some 
5 m wide and 1 m deep. The bottom with 0-10 cm water was occupied by O. perennis, 
and O. australiensis was scattered on the edge of the ditch and road shoulder showing 
a trend to habitat segregation with O. perennis. The australiensis plants seemed to 
prefer a niche not deeply submerged in the rainy season. They had small rhizomes at a 
depth of about 10 cm indicating their perennial habit. A plant had 4 to 5 panicles. As 
the plants were scattered and did not form a large clump, their propagation seems to 
depend mainly on seed dispersal. The flowers were blooming around 5 PM when we 
visited the site. The late flowering time serves as a reproductive barrier against other 
rice species which flower in the morning. The height of the plants was over 2 m being 
much higher than any neighboring grasses. 

KN-1    a) O. perennis W1629;  b) O. australiensis W1630 

April 8, 15°53'S 128°42'E, Western fringe of Lake Kununurra on Packsaddle Plain, 
guided by Mr. A.L. Chapman. 
The site was at a flat and marshy fringe of the lake in which water level is controlled 
though it is sometimes higher in the rainy season. Both O. perennis and O. 
australiensis were found. Of perennis, a clump of some 50 plants (5-30 cm apart from 
one another) and many scattered single plants were observed. The scattered single 
plants had more panicles (4.0 per plant) than those in the clump (2.3 per plant, Table 
2). Of australiensis, also, clumps of a few plants and scattered single plants each with 
a number of tillers were found. They were about 2 m high. The water depth at the time 
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of visit was 0 to 10 cm, and O. australiensis occurred in somewhat elevated places. The 
two species were not in association though they were sympatric. 
The ground was covered by Cynodon dactylon (cover 100%, 15 cm high), and there were 
bushes (Lysiphyllum cuninghamii) with climbers (Passiflora sp.) and scattered plants 
of various species, i.e., Eleocharis acicularis (spike rush, perennial, 50%, 0.4m), 
Corchorus sp. (native jute, annual, 20%, 1 m), Cyperus sp. (perennial, 20%, 0.8m), 
Iseleima sp. (Flinders grass, annual, 20%, 0.6m), Echynochloa colonum (annual, 5%, 
0.5m), Aeschynomene americana (annual legume, 1%, 1.2m), Ammannia sp., 
Brachyachne convergens (perennial), Eragrostis sp. (annual), Panicum sp., Sida sp., 
Phaseolus lathyroides, etc. Thus, the site had a high species diversity. 

KN-2    O. perennis  W1631 (= W156l)  (Fig. 2c) 

April 8, 15°53'S 128°50'E, Carlton Ridge Swamp, about 5 km S of Kununurra. A 
shallow pond more than 1 ha in size and 30 cm deep at the center at the time of visit. 
The swamp was surrounded by the savanna of tall grass (Sorghum australiense, 100%, 
3 m high), and there was a small steep hill of red rocks and earth at a 200 m distance. 
Trees (Eucalyptus microtheca, about 7 m high) were scattered around the swamp. 
There was no trace of disturbance or grazing. According to Mr. A.L. Chapman who has 
observed this site for 24 years, no significant changes have been noted in the condition 
of the swamp and the population of wild rice in the swamp. Though the swamp is 
parched in the dry season, the habitat may be considered highly stable. 
In the swamp, clumps of O. perennis were scattered (cover 40%, 60 cm above water), 
with a grass (40%, 60 cm), another graas (1%, 1m), a sedge (5%, 40 cm), and a Sesbania 
(5%, 60 cm) species. The perennis plants in water expressed their floating habit 
(adventitious root formation and branching at submerged nodes, and kneeing). They 
were also found under trees; single plants were scattered (cover 5%, 40 cm above water, 
water depth 10-20 cm), together with two sedge (both 5%, 0.5m) and a broad-leaf (80%, 
0.5m) species. The perennis plants under trees were short-statured and had less 
panicles (1.4 per plant) than those under full sunlight (2.6, Table 2). They had slender 
stems and their heading seemed delayed by about 10 days. 
Some white heads due to stem borer infestation were observed in the plants under the 
sun. No Helminthosporium spots were found. Mr. Chapman kindly sent us the seed 
collected from this population in 1977 (W1561). 

KN-3    O. australiensis  W1632 (= W1562) 

April 8, 15°36'S 128°48'E, about 5 km SE of Kimberley Research Station. A waste land 
area where soil was exchanged when an irrigation canal was constructed 16 years ago. 
The yellowish grey soil was calcareous and possibly alkaline. There were scattered 
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shrubs of Lisiferum and Acacia species. Clumps of O. australiensis were found 
scattered. They had 7 to 27 stems and 5 to 10 panicles per plant (clump) and were 2 m 
high. There were scattered plants of Chionacne hubbardiana (Gramineae), Iseleima sp. 
(Flinders grass), Sesbania sp., Hibiscus sp., Cyperus sp., Chrysopogon sp., etc. But the 
land was rather bare and plant density was low. Only the Flinders grass was 
sometimes closely associated with O. australiensis. This australiensis population was 
discovered by Mr. Chapman in 1968. Since then, no significant change has been 
observed. The seed collected by him in 1977 was kindly sent to us (W1562). 

KN-4    O. perennis  W1633 

April 8, 15°34'S 128°49'E, about 6 km NE of Kimberley Research Station. A shallow 
pond, about 30 × 300 m in size and 50 cm deep at the center, surrounded by scattered 
Eucalyptus trees. Clumps of O. perennis were found along the periphery of the pond, 
but scattered single plants were spread in the central part where Sesbania cannabina 
dominated. There were no plants in deeper places. The perennis plants were about 50 
cm high above water, and had a few panicles per plant. They were also distributed in 
the shade of trees where water depth was about 10 cm. Those plants were smaller and 
had fewer tillers. Some of them were grazed. The perennis plants in this population 
were generally at the stage of heading, and the seeds were immature. 

KN-5    O. perennis  W1634 

April 9, 15°34'S 128°15'E, Wild Life Sanctuary, 20 km S of Wyndham. A slightly 
depressed place in a big savanna with scattered trees (including Adansonia and 
Pandanus species), kept undisturbed. Clumps of O. perennis (cover 20%, 0.9 m high) 
were found together with Eleocharis acicularis (spike rush, 80%, 0.4m), Gomphrena sp. 
(1%, 0.6m), etc. Perhaps because the rain ended earlier this year, the wild rice plants 
were wilted while the seed was immature. It would be worthwhile to observe this 
population next year. At a distance of about 200 m from this site, there was a 
depression still retaining water. But no wild rice was found there. 

TF-1    O. perennis  W1635 

April 11, 13°34'S 131°35'E, Tortilla Flats, 110 km S of Darwin, guided by Mr. Douglas 
Airey, Department of Northern Territory. 
A depression between road and pasture fence, 15 m wide, retaining: 10-15 cm water, 
partly disturbed. Scattered plants of O. perennis (cover 50%, 1 m high) were found 
together with a grass (60%, 1.4m), a sedge (40%, 1 m), and Ludwigia (5%, 0.8m) species. 
There were also Nymphoides-like small plants with floating-leaves and white flowers. 
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The perennis plants had many open-shaped panicles per plant, and the mature grain 
color was yellow though usually black. Some plants found at the periphery of the 
swamp showed black grain color. Many seeds shed from the plants were found sticking 
in the mud with long awns; they penetrate into the earth as buried seeds. 

TF-2    O. perennis  a) W1636; b) W1637 

April 11, 13°34'S 131°35'E, Tortilla Flats, about 1 km S of TF-1. Roadside ditch, 10 m 
wide, retaining 40 cm water. Clumps of O. perennis (a) were found (100% in the clump, 
1.5m high). Possibly because of high density, each plant had one panicle. They showed 
habitat segregation with Brachiaria sp. (paragrass) which occupied the edge of the 
ditch with shallow water. In the deep central part of the ditch (40 cm), Monochoria 
cyanae plants with blue flowers dominated. The other side of the ditch, bordered by a 
fence, was used as pasture. The habitat of this population may be regarded as 
disturbed. 
In a similar roadside ditch nearby the above site, scattered plants of both O. perennis 
(b) and O. sativa were found. The latter had developed from naturally sown seeds, 
suggesting its adaptability to the conditions of the site. The sativa plants were 
semi-dwarf types (IR varieties) and were at the heading stage. According to Mr. D. 
Airey, the field behind the ditch was planted to rice four years ago. 
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Abstract of Diary 

(1978) 
March 28 Lv. Tokyo (PR) - Ar. Manila 
 29 Visit: UNDP Office and Japan Embassy 
 30-31 Regional Seminar for preparation of the UNCSTD, sponsored by 

the 
April 1 NSDB, Philippines, at Century Park Sheraton Hotel, Manila 
 2(Sun) Visit: International Rice Research Institute, Los Baños 
 3 Visit: Central Luzon State University, Muñoz, Nueva Ecija 
 5 Lv. Manila (SA) for Singapore, Lv. Singapore (QF) for Darwin 
 6 Ar. Darwin. Visit: Animal Industry and Agric. Branch, Dept. of 

Northern Territory (Messrs. T. Kilpatrick and R. Wesley-Smith) 
and Agric. Exp. Station (Dr. C.S. Li). Field trip to Adelaide River 
Plain and Middle Point Village Coastal Plains Research Station 
with Dr. D.J. McDonald, guided by Messrs. Kilpatrick and 
Wesley-Smith. Stay: Asti Motel, Darwin. (Obs. AD-1, AD-2, & 
AD-3) 

 7 Lv. Darwin (MV) - Ar. Kununurra. Stay: Public Work Dept. 
Hostel. 

 8 Field trip around Kununurra, guided by Mr. A.L. Chapman and 
partly also by Mr. Rao. (Obs. KN-1, KN-2, KN-3, & KN-4) 

 9(Sun) Field trip to Wild Life Sanctuary (KN-5) and Wyndham, guided 
by Mr. A.L. Chapman. 

 10 Visit: Kimberley Research Station, CSIRO (Mr. A.L. Chapman, 
Drs. A.A. Done and Angela Done). Lv. Kununurra (MV) - Ar. 
Darwin 

 11 Field trip to Tortilla Flats (TF-1 & TF-2), guided by Mr. D.R. 
Airey. Lv. Darwin (QF) - Ar. Singapore, Lv, Singapore (JAL) - 

 12 Ar. Tokyo 
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Appendix: List of Trips for Collection and Study of Rice Species 

(by the staff of National Institute of Genetics, 1957-1978) 
 
1. India 1957 (West Bengal, Orissa, Madhya Pradesh, Andhra, Madras, Kerala, and 

Ceylon) H.I. Oka, T. Tateoka, and T. Narise, Oct. 1 - Dec. 28 (Rep. mimeogr.) 

2. Thailand 1958 (Central, North and Northeast regions) H.I. Oka, Nov. 20 - Dec. 22 
(from Taiwan) (Rep. mimeogr.) 

3. Malaya 1959 (Malayan Peninsula and Java) I. Hirayoshi, Jan. 7 - Mar. 11 (No rep.) 

4. Africa 1959 (Senegal, Gambia, Sierra Leone, Guinea, Mali, Ghana, Nigeria, Sudan, 
Ethiopia, and Kenya) K. Furusato, Oct. 4 - Jan. 25, 1960 (No. rep.) 

5. North India 1959 (Sikkim and Assam) H. Kihara and S. Nakao, Oct. 7 - Dec. 11 
(No rep.) 

6. Burma 1959 (Southern and Northern regions) K. Katsuya, Oct. 4 - Dec. 8 (No rep.) 

7. Latin America I960 (Cuba, Guatemala, Costa Rica, Guiana, Surinam, Amazon 
basin, and Colombia) H.I. Oka, Oct. 25 - Feb. 19, 1961 (Rep. mimeogr.) 

8. Philippines (a) and New Guinea (b) 1961 (a: Luzon, Mindanao, and Palawan; b: 
Papua and Netherlands New Guinea) T.C. Katayama, Jan. 21 - Mar. 27 (Rep. 
mimeogr.) 

9. Philippines 1963 (Mindanao, Negros, Panay, Mindoro, Palawan, Samar, Leyte, 
Luzon, etc.) T. Tateoka and J.V. Pancho, Jan. 20 - Mar. 11; H.I. Oka and W.T. 
Chang, Jan. 26-28 (from Manila) (Rep. mimeogr.) 

10. Borneo 1963 (North Borneo, Brunei, Sarawak, Kalimanthan, and Java) T.C. 
Katayama, Mar. 16 - May 23 (Rep. mimeogr.) 

11. West Africa 1963 (Sierra Leone, Guinea, Mali, Liberia, Ivory Coast, Upper Volta, 
Niger, Dahomey, Nigeria, Cameroun, and Chad) H.I. Oka and W.T. Chang*, Oct. 
16 - Jan. 31, 1964 (Rep. mimeogr.) 

12. Madagascar 1964 (Kenya, Uganda, Tanzania, and Madagascar) T. Tateoka, May 1 
- Aug. 1 (Rep. mimeogr.) 

13. Amazon 1964 (Manaos area) G. Takenaka, May 15-25 (from Sao Paulo) (No rep.) 

14. Thailand 1976/7 (Central and North regions) H.I. Oka and K. Hamamura, (a) June 
19-28, 1976; (b) Jan. 29-31, 1977 (Rep. in press) 
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15. West Africa 1977 (Nigeria, Cameroun, Chad, Ivory Coast, and Thailand) H.I. Oka, 
H. Morishima, Y. Sano, and T. Koizumi, Oct. 3 - Nov. 29 (Rep. printed) 

16. Tropical Australia 1978 H.I. Oka, Mar. 28 - Apr. 12 (Rep. printed) 

 
* Dr. Wen-Tsai Chang, Professor, Taiwan Prov. College of Agriculture, passed at 

Yagoua, Cameroun, on December 14, 1963, after a car accident. 
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Oryza Genetic Stocks Maintained in National Institute of Genetics, Japan (1978) 
Species Trip Other  

sources 

Total 

1 2 3 4 5 6 7 8a 8b 9 10 11 12 13 14 15 16 

sativa 301 110 224 29 326 48 27 88 21  63 61   3 36  2,720 4,057 

perennis1                    

Asia 57 23 37  49 17   1 1 4    9   17 215 

America       16       6    7 29 

Africa2    22        39 11   27  5 104 

Oceania         2        10 7 19 

glaberrima    9        77    31  184 301 

breviligulata    44        33    20  11 108 

australiensis                 3 4 7 

officinalis 3 2 3  8 1    14 37       9 77 

minuta        10  18        6 34 

eichingeri3    1         13     1 15 

punctata    1        3 4   8  3 19 

latifolia4       14           16 30 

grandiglumis       2       2    3 7 

meyeriana5 3 2    2  6  1 1       5 20 

ridleyi 1  4        1        6 

longiglumis         16          16 

brachyantha    2       7       1 10 

perrieri             1      1 

tisseranti           1       1 2 

coarctata 1                                   1 

1. O. perennis complex 
2. O. perennis subsp. barthii = O. longistaminata 
3. Some O. eichingeri strains are not easily distinguishable from O. punctata. 
4. O. alta is included in O. latifolia as they are not distinguishable. 
5. O. granulata is synonymous. O. abromeitiana is included. 
A part of the accessions are population samples. 
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1. An Oryza perennis population in a marsh surrounded by Eucalyptus 

forest (AD-1, Apr. 6) 

 
2. Clumps of O. perennis in river flood plain, partly used as pasture, 

near the Adelaide River at Middle Point Village. Grazed plants are 
short-statured. (Apr. 6) 
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3. An Oryza perennis population in a swampy depression, about 30 cm 
deep, near Kununurra (KN-2, Apr. 8) 

 
4. Oryza australiensis plants on a waste land near Kununurra (KN-3, 

Apr. 8) 
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ABSTRACT 

In the early dry season of 1979 (October 12 - November 19), we travelled in the 
hilly areas of Nepal, India and Thailand for ecological and genetic studies of rice 
species and accompanying weeds. Our trip was supported by a grant for overseas field 
research (No. 404102) of the Ministry of Education, Japan. Our objectives were: 1) 
observations of genetic diversity in rice populations and community structure of weedy 
plants coexisting with rice, in relation to their environmental conditions, 2) collection 
of information on the place and condition of domestication of rice, and 3) collection of 
seeds of wild and cultivated rice species for further studies. 

Observations were recorded at 36 sites for wild rice and at 52 sites for cultivated 
rice. At each site, records were taken regarding physiography, degree of disturbance, 
and water condition of the habitat, and plant height and percent cover of rice and 
major weed species. In rice fields, cultivation method was also recorded. As to weeds, a 
total of 147 species were identified on the basis of herbarium specimens taken at each 
site. Extracts from our field notes are briefly summarized below. 

1) Oryza perennis (wild) -- a) This species was frequently found in marshy 
lowlands, but not in the foothills of the Himalayas. In the Jeypore Tract, Orissa, it was 
found in the hilly area. b) Niche differences between the perennial and annual types of 
this species were noted. The perennial type was found in deep swamps which appeared 
to retain some moisture in the dry season and to be relatively stable, while the annual 
type was found in shallow, temporary swamps which were parched in the dry season 
and more frequently disturbed by man. The perennial type tended to be associated 
with perennial companion species, and the annual type with annual companion species. 
Near Bhubaneswar, Orissa, a marsh was found where an annual type was along the 
fringe and a perennial type was in the center with deeper water. c) Intermediate 
perennial-annual populations. were found in disturbed habitats, in which coexisting 
plants tended to show a high species diversity. d) The perennial as well as intermediate 
perennial-annual types showed higher within-population variability in seed size than 
the annual type. e) In directly seeded rice fields, O. perennis plants often occurred as a 
weed. They appeared to be derivatives of hybrids with O. sativa which had been 
selected for weediness. f) In Thailand where we continued observation for three years, 
we found that a roadside population of perennial type became extinct being replaced by 
perennial sedge species, and another roadside population of annual type declined along 
with an increase of perennial weeds, while an intermediate perennial-annual 
population on the fringe of a deepwater rice field persisted without appreciable 
changes. 

2) Oryza sativa (cultivated) -- a) Different types of rice culture were observed, i.e., 
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rainfed lowland fields with varying water depths, irrigated lowland fields, terraced 
fields on mountain slopes (upto 2,000 m in Nepal), and upland fields on hills. b) The 
cultivars showed a diversity of characters. The seeds were examined with regard to 
phenol reaction, apiculus hair length, and length-width ratio of spikelets in order to 
estimate the Indica-Japonica differentiation between and within populations. Most of 
the populations from the mountainous area of Nepal were of the Japonica type, and 
some from northern Thailand were intermediate Indica-Japonica types, while the rest 
were Indica types. In the land races of Nepal and Manipur (Burmish border of India), 
the characteristics of Japonica, namely, negative phenol reaction, long apiculus hair, 
and roundish spikelet shape were frequently found, but these were not intercorrelated 
so clearly that the Indica-Japonica differentiation was not distinct. c) The populations 
in the hilly areas were generally polymorphic in seed characters, but they showed no 
differentiating trend to Indica and Japonica types within populations. d) In the 
highland of Nepal, some farmers grew a mixture of two or more varieties. In northern 
Thailand, the rice populations were either glutinous or a mixture of glutinous and 
non-glutinous plants. e) Within-population variability as shown by the generalized 
variance of length and width of spikelets appeared to have some relationship with 
species diversity of coexisting weeds. 

3) Considerations -- Observations during the trip have given us some hints on the 
wild progenitor and history of rice domestication. Niche differentiation between the 
perennial and annual types of O. perennis was discussed, and this led us to assume 
that the most probable wild progenitor of O. sativa was an intermediate 
perennial-annual type. With regard to the place where rice was domesticated, we have 
come to the view that the Himalayan mountainous region including Terai is to be 
excluded from the probable area of domestication of rice; as given later in this report, 
we have discussed "where and when" from a review of relevant literature. 

4) Collection -- The seed samples we collected were 37 populations of O. perennis. 
and 51 populations and 190 strains of O. sativa. The population samples each consisted 
of 20-100 plants taken at random on a single plant basis or in bulk. These are 
preserved in the Genetic Stocks Center of National Institute of Genetics. 
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FOREWORD 

The common rice, Oryza sativa L., has most probably evolved from the common 
wild rice, O. perennis Moench, in tropical Asia. In Asia, both the wild and cultivated 
species exist in diverse environments and show a great diversity of germ plasms. In 
order to collect the seeds and information, study-tours to Asian countries have been 
made nine times by the staff of National Institute of Genetics since a research project 
"on the origin of cultivated rice" was initiated under a Rockefeller grant in 1957. Using 
the genetic stocks thus collected, the first and third authors of this report have been 
engaged in genetic, ecological and evolutionary studies of rice species since 1958. 

The present study-tour was planned with the hope of looking more closely into 
the following points, i.e., 1) genetic variations in the populations of wild and cultivated 
rice species, 2) the community structure of coexisting weedy plants to estimate the 
biotic environment of rice populations, 3) the impact of environmental stress and 
human activity on rice populations and weed communities, and 4) the probable 
geographic area and conditions of rice domestication in the past. Collection of seed 
samples was an additional objective. 

Regarding the first point, it is known that genetic diversity plays a role in 
maintaining plant populations in natural habitats and in stabilizing crop yield under 
changing environments. Mixed cropping is traditional in the hinterland of tropical 
Asia; the cereal-legume systems have been reviewed in the Ind. J. Genet. & Plant 
Breed. 35(2), 1975. The present authors have also discussed the results of mixed 
cropping experiments carried out in Nigeria (Oka et al. 1978). 

Regarding the second point, a working hypothesis that the community structure 
of coexisting plants indicates the biotic environment could be built up. This is based on 
the finding in northern Nigeria of a correlation between genetic diversity within rice 
populations and species diversity within weed communities (Morishima and Oka 
1979). 

Regarding the third point, it is well known that not only population structure and 
community structure, but various life-history characteristics also differ according to 
environmental conditions. In rice, water condition and human disturbance of the 
habitat are the most important (Morishima et al. 1961; Oka and Morishima 1967; Oka 
1976; Oka et al. 1978; Sano et al. 1980).
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Fig. 1. Route map (dotted line - by surface; broken line - by air). 
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With regard to the place of rice domestication (the fourth point), different authors 
have so far considered a large area ranging from eastern India to southern China as 
the homeland of cultivated rice, as will be reviewed later; the present authors, 
outsiders of archaeology and history, have so far refrained from entering into this 
discussion. The Jeypore Tract, Orissa, has been known for its richness of rice germ 
plasms since Sampath and Govindaswamy (1958) had pointed out. Oka and Chang 
(1962) demonstrated the incipient process of Indica-Japonica differentiation observed 
among intermediate wild-cultivated plants collected from this district. On the other 
hand, some authors (Morinaga 1968; Watabe and Toshimitsu 1974; T. T. Chang 
1976a,b) postulated that the primary center of origin of cultivated rice would be the 
foothills of the Himalayas and its associated mountain ranges in Southeast Asia. 

In the present study-tour, we have chosen the hilly areas in Nepal, North Bengal, 
Jeypore Tract, and northern Thailand as the major places to visit. This was because 
the ecology of wild rice in those hilly areas did not seem to have been well known. The 
route we followed is shown in Fig. 1, and our itinerary in Abstract of Diary (Appendix 
III). 

We have travelled together with Mr. T. Koizumi, Research Assistant, Department 
of Geography, Tokyo Gakugei University (Koganei, Tokyo, 184). On drafting this report, 
we express our sincere thanks to Mr. Koizumi for his untiring cooperation during the 
trip, our trip was financially supported by a grant for overseas field research (No. 
404102) of the Ministry of Education, Japan. During our trip, we were kindly helped by 
various agricultural institutions in respective countries and personnels in charge, as 
are mentioned in our Acknowledgements. 
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METHODS OF OBSERVATION AND COLLECTION 

The sites of observation and collection were arbitrarily chosen along the road by 
which we travelled. Observations were recorded at 96 sites in total, of which 36 were 
habitats of wild rice, 52 were rice fields, and the remaining 8 were sites without rice (4 
upland fields, 2 swampy lowlands, and 2 grasslands; Appendix I). 

Records were taken at each site on: Date, species name, location (distance from a 
town, and latitude and longitude estimated on map), topography, soil type, water 
condition, degree of disturbance, population size (for wild rice only), cultivation method 
(for cultivated rice only), disease and insect damages, cover by rice plants, plant height, 
panicle number per plant, tiller or plant number per unit area, and sampling method. 
In addition, major coexisting plant species were sampled to make herbarium 
specimens for identification, and their height and cover were recorded. When the 
coexisting plants showed habitat segregation or zonation, the habitat was sectioned 
into two to four zones to take records separately. Further, when we could converse with 
local farmers through interpreter, we learned from them various points. 

Not all the data were complete because our schedule was too tight to spend 
enough time at all sites. The coexisting species collected were identified by: Dr. S. N. 
Patnaik (Department of Botany, Utkal University, Bhubaneswar, India), Dr. N. P. 
Manandhar (Department of Medicinal Plants, Godawari, Latipur, Nepal), Mr. Prasan 
Vongsaroj (Weed Science Branch, Technical Division, Department of Agriculture, 
Bangkhen, Thailand), and Prof. J. Pancho (Museum of Natural History, University of 
the Philippines, Los Baños College, Laguna). We are greatly indebted to their kind 
cooperation. The species identified are listed in Appendix II. 

In each rice population, seeds were collected by random sampling of 20 or more 
panicles. They were kept in paper bags on a single plant basis or in bulk (1: one seed 
from one panicle, or 2: mixed seeds from many panicles). When more than one 
population were sampled from neighboring fields, they were designated as A, B, C, etc. 
with the same site code. The seeds from each population were placed on paper and 
were photographed to measure the length and width of spikelets and awn length. Hull 
color, apiculus hair length (long-medium-short), and phenol reaction were also 
recorded. Further, pericarp color and glutinous vs. non-glutinous endosperm were 
examined with dehulled seeds brought back to Japan. 

The plants raised from the seeds were observed for various other characters in 
the 1980 season at Misima. The results will be reported elsewhere. 
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NAMES OF WILD RICE SPECIES 

The nomenclature for wild rice species with genome A has been an issue of 
controversy. There are 22 valid species in the genus Oryza (Tateoka 1964), while there 
are 85 names so far documented for them (Kew Bulletin 1960). Of them, those for the 
common rice, O. sativa L., are 19. Those for the common wild rice distributed in Asia, 
Australia and America are 13, i.e., O. rufipogon Griff., O. fatua Koen. ex Trin., O. 
formosana Masamune et Suzuki, O. glumaepatula Steud., O. paraguayensis Wedd. ex 
Franch., O. perennis Moench, O. cubensis Ekman, O. sativa L. form, spontanea 
Roschev., O. sativa L. var. abuensis Watt, O. sativa L. var. bengalensis Watt, O. sativa 
L. var. coarctata Watt, O. sativa L. var. fatua Prain, and O. sativa L. var. rufipogon 
(Griff.) Watt. Recently, a new name, O. nivara Sharma et Shastry, was added 
increasing the total number to 14. Of them, O. rufipogon was considered by Tateoka 
(1964) to be the name fitting taxonomical convention. 

The African taxon of this group which is rhizomatous has five names, i.e., O. 
barthii Chev., O. dewildemanii Vanderyst, O. longistaminata Chev. et Roehr., O. 
madagascariensis (Chev.) Rochev., and O. silvestris Stapf. ex Chev. O. longistaminata 
is considered to be the right name by Clayton (1968). 

On the other hand, as Baker (1970) has emphasized, it is beneficial for the 
students of biology to adopt the concept of biological species. A species may be defined 
as a group of populations potentially capable of interbreeding, which are 
reproductively isolated from other such groups (Mayr 1942). The taxonomy of 
cultivated paints and their wild relatives has often been in confusion because of their 
rich variation and the use of various morphological-distributional treatments. But, by 
using biosystematic criteria, the varieties can be categorized into a series of taxa that 
are more easily understandable for biologists. 

The determination of biological species in cultivated plants is, according to Baker 
(1970), based on the following criteria. 

Observational: Full description of morphological variation; physiological and 
biochemical information; chromosome number and karyotype 
analyses; and evidences of natural hybridization. 

Experimental: Cultivation of population samples in uniform and varied 
environments - observing evidences of race-formation, ranges of 
environmental tolerance, plasticity, etc.; attempts at artificial 
hybridization and by setting test plants in isolation plots exposed to 
appropriate pollinating insects; estimation of vigor of F1 hybrids, F2, 
etc.; estimation of fertility of F1 hybrids, F2, etc.; chromosome 
construction of F1 hybrids, F2, etc.; and analysis of meiosis in F1 and 
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subsequent generations. 

All these observations and experiments carried out by the present authors 
indicate that the various forms of the common wild rice can be considered as belonging 
to one biological species. We have so far used in our publications the name O. perennis 
although in a few early papers we also used O. sativa f. spontanea for the annual type. 
O. perennis is a complex and can be classified into four geographical forms or races, 
Asian, American, African (called subsp. barthii), and Oceanian (Morishima 1969, after 
numerical-taxonomic study). Varieties of the Asian form vary between the perennial 
and annual types. The American form also shows the same trend although it lacks 
truly annual types. The African form is strongly perennial, while the Oceanian form is 
annual. A series of different reproductive barriers are found not only between but also 
within these forms, but the barriers are partial and introgression may take place when 
they are sympatric with O. sativa (Chu et al. 1969; Chu and Oka 1970). 

Even though the name O. rufipogon is taxonomically correct, we will use O. 
perennis because our perennis complex includes the African form, O. longistaminata, 
and a change in nomenclature may result in confusion and incovenience for the reader 
of our articles, particularly for those who are not experts of rice species. The name 
perennis is generally used by Dr. J. R. Swallen in the herbarium of the Smithonian 
Institution. 

Adopting the concept of biological species, we may consider O. perennis and O. 
sativa to belong to the same species. But, we distinguish between them because one is 
wild and the other is cultivated. The African rice, O. glaberrima Steud. and its wild 
relative, O. breviligulata Chev. et Roehr. can be considered as separate species because 
they differ from O. sativa and O. perennis in some key characters and the F1 hybrids 
are highly pollen-sterile. 

As mentioned, the Asian form of O. perennis shows a variation between the 
perennial and annual types, and there are weedy types which might have been derived 
from hybrids between the wild and cultivated plants. Although the variations are 
continuous, for convenience, the present authors conceptually classify them into 
perennial, intermediate, annual, and weedy types in this report, which may be 
compared with the taxa designated by other authors as follows: 

Oka and coworkers Tateoka (1964) Sampath (1964) Chang (1976b) 

(O. perennis, Asian form)    

Perennial type 

O. rufipogon 

O. perennis O. rufipogon 

Intermediate type                       

Annual type O. rufipogon O. nivara 

Weedy type            spontanea spontanea 
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OBSERVATIONS ON WILD RICE 

1. Geographical distribution 

Nepal: The lowland area stretching along the foothills of the Himalayas in Nepal 
is called Terai and has a tropical to subtropical climate. The occurrence of O. perennis 
has not been reported in this country. According to Dr. B. B. Shahi of the Parawanipur 
Agricultural Station, a population exists at Nepalganj on the fringe of western Terai, 
but we could not visit the site. In the Terai area we visited, Birganj (outer Terai) to 
Hitaura - Bharatpur (inner Terai), we found no habitat of O. perennis. Local people 
told us that in a marsh 3 Km northwest of Birganj town (BR-3, fringe of outer Terai), a 
population existed some 10 years ago, but disappeared after the marsh was cleared. 

India: We visited West Bengal and Orissa only. The northern part of Siliguri - 
Jalpaiguri district in north Bengal belongs to the Indian Terai which is an alluvial fan 
area. The distribution of O. perennis populations along our route in this district is shown 
in Fig. 2. In the lowland bordering the Terai, many populations were found, but none 
was found in the Terai which was either covered by forest or reclaimed for tea 
plantations. The habitats observed in this area were, in the same manner as in other 
areas, in roadside ditch or on the fringe of rice fields with varying depths of stagnant 
water. All the populations found in this district were perennial types. Rice fields were 
found in the Terai area and they were shallowly irrigated or dry, but there was no wild 
rice. 

In a roadside ditch some 20 Km west of Siliguri, a population (SR-3) which 
appeared to be an intermediate perennial-annual type was found. The site was just on 
the fringe of Terai, and the road was open about one hundred years ago if judged from 
the size of roadside trees. Probably, the population was due to colonization after the 
construction of the road. 

A perennial population was found on the fringe of a rainfed rice field near the 
Chinsurah Rice Research Station, West Bengal (TR-1, at Taragoon). This population 
may be compared with W152 collected at an adjacent site in 1957. It seems that in 
West Bengal and Bangladesh (Oka and Morishima have observed in 1974), O. perennis 
is widely distributed although the frequency has been reduced with the recent 
intensification of agriculture. 

In Orissa, populations of O. perennis are more frequently found, as early reported 
by Ramiah and Ghose (1951) as well as by Sampath and Govindaswamy (1958). 
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Fig. 2. Distribution of O. perennis along our route (dotted line) in North Bengal.
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Fig. 3. O. perennis populations observed in Orissa and southern West Bengal. 

 
During our short visit, we observed 14 populations whose sites are mapped on Fig. 

3. They ranged from perennial to annual type, although some were weedy types. The 
habitats were in irrigation canals, roadside ditchs, ponds, abandoned swampy fields, 
and in rice fields. In the suburb of Bhubaneswar, a large swamp extending nearly 1 
Km was covered by this species of wild rice. 

Visiting the Central Rice Research Institue at Cuttack, we could see two water 
reservoirs from which perennial-type populations had been sampled in 1957. In one of 
them (W108 site), there was no wild rice any more since the pond was cleared; in the 
other (W120 site), a few scattered plants still existed suppressed by Leersia hexandra 
and other competitors. Oka, who had visited Cuttack in 1957, felt that during the 
period of 22 years, the populations of both perennial and annual types have declined to 
some extent although no numerical records were available. 
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Along the road from Cuttack toward south through Bhubaneswar, Berhampur 
and Gilisula, many perennis populations were seen in the ditch between the road and 
rice field, some 5 m wide. However, crossing the Orissa-Andhra border, we found no 
wild rice any more although there was no particular change in physiographic 
conditions. 

The Jeypore Tract is a hilly area with diverse topographies, undulating 100 to 
1,000 m altitude. The ridges are covered by forest, and the valleys and slopes are 
partly cultivated. The diversity of rice germplasms in this area was pointed out first by 
Ramiah (1953). The Indian Council of Agricultural Research has conducted a botanical 
survey of rice including both cultivated and wild types (Govindaswami 1957; 
Govindaswami et al. 1966). Some rice strains were intermediate wild-cultivated types 
in character expression. Oka and Chang (1962) investigated a random sample from the 
collection, and discussed the variations between wild and cultivated types, between the 
Indica and Japonica types, and between the perennial and annual types. Akihama and 
Toshimitsu (1972) has also made a survey of wild and cultivated rices in this area. 

This area had been isolated from modern civilization since immemorial times 
(Govindaswami 1957); there are a few ruins of ancient Rajas (kings) which are more 
than 1,000 years old. In the last decade, modernization started; the Similiguda Mixed 
Farm (a part of the staff belong to the Central Rice Research Institute) was established 
around 1968 for agricultural improvement in this region; the Orissa University of 
Agriculture and Technology also had a small experimental farm at Koraput. Recently, 
a railway was built and a jet-engine manufatory was constructed at Sunabeda by the 
Hindustan Aeronautics Ltd. Nevertheless, an accumulation of diversity is still 
observed not only in rice germ plasms but also in other crop species. It may be a worry 
that the genetic resources will soon vanish. 

We could shortly visit Koraput and Nowrangpur Districts in the Jeypore Tract. 
We observed two populations of perennial type in water reservoirs and two weedy 
annual populations in rice fields. One perennial population (JP-4) found in a water 
reservoir near the Similiguda Mixed Farm contained awnless and other variant plants, 
as will be described later. The pond had been a natural swamp and was deepened by an 
embankment constructed 10 years ago, while the population has persisted since before 
embanked. According to Dr. G. C. Rath of the Farm, there are other populations 
similar to this and awnless seeds may be dispersed by running water. Possibly, the 
awnless as well as other variant character is due to introgression of genes from 
cultivated rice. 
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a) Northern Thailand 

 

b) Suburb of Bangkok 

 
Fig. 4. O. perennis populations observed in northern Thailand (a) and suburb of 

Bangkok (b). 
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According to Mr. H. B. Patnaik, Research Officer of Agriculture at Ganjam, 
Berhampur, wild rice populations are declining in the Jeypore Tract recently. We 
visited a marsh some 10 Km north of Nowrangpur where the local people had gathered 
wild rice grain. We found, however, that the marsh was reclaimed and planted to 
cultivated rice (JP-9) and the remaining part was occupied by Leersia hexandra, 
Eichhornia crassipes and other weeds. 

Thailand: O. perennis is widely distributed over the country. Our observation 
sites are shown in Fig. 4. In the valleys of Chiengmai and Chiangrai in the north, both 
perennial and annual types were found, but no population was found in small streams 
with running water in the hilly area. In the central plain which is innundated by 
flooding water of the Chao Phraya River in August through December, perennial to 
intermediate perennial-annual types were found. Around Saraburi which is the 
gateway to Korat Plateau and the north-eastern region and is outside the flooded area, 
annual populations were found. 

In the suburb of Bangkok, O. perennis populations seem to be declining. In 
1957-8, there were some populations near the campus of the Kasetsart University at 
Bangkhen. Along the northbound highway from Bangkok, a population was found near 
the airport (20 Km north of Bangkok) in 1970. These have become extinct. A small 
population found in roadside ditch near the Rice Experiment Station at Klong Luang 
(30 Km north of Bangkok) in 1976 was not found any more in 1979. The site was 
occupied by perennial grasses (Panicum repens; Andropogon sp.) and sedges(Cyperus 
procerus). This suggests the effect of some factors involved in urbanization. The mode 
of population flux we have observed will be discussed later. 

A general map showing the distribution of O. perennis in Asia, based on various 
reports so far published, was given by Harlan (1975b). It is reproduced in Fig. 5 in 
which some spots in China were added by the present authors based on the reports by 
Kwangtung Agricultural and Forestry College (1975) and Chen et al. (1980). The map 
shows that O. perennis is distributed throughout the summer monsoon area. 
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Fig. 5. Distribution of known sites of O. perennis in Asia (after Harlan 1975b) 
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2. The niches of perennial and annual types of O. perennis 

The varieties of the Asian form of O. perennis are differentiated into the 
perennial and annual types with an array of intergrades (Morishima et al. 196l). The 
perenniality of a strain was measured by the regenerating ability of excised stem 
segments on moist sand (Oka and Morishima 1967). The relative frequencies of 
seedlings and ratooned plants when the plants started growth in early rainy season 
were also observed in a few populations in Thailand (Sano et al. 1980). At seed 
maturity in early dry season, although it is not possible to distinguish between 
seedlings and ratooned plants, the perennial and annual types can be distinguished to 
some extent by visual judgement; the perennial type has taller stature, longer and 
more open-shaped panicles, more slender spikelets, shorter awns, and larger anthers 
and stigmas than the annual type (Morishima et al. 1961). 

With the seed samples collected, awn length and spikelet morphology may be 
used as an indication of the variation between perennial and annual types. The 
present authors have computed a discriminant formula combining measurements of 
awn length (A), length/width ratio of spikelet (B) and length x width product of 
spikelets (C) as follows (standardized): 

X = A - 0.50 B + 0.65 C 

A small X value shows high perenniality. The discriminant scores obtained in 
respective populations collected are compared with their plant heights recorded in the 
habitats in Fig. 6. When the collections were divided into perennial, intermediate, and 
annual types as shown in the figure, the classification agreed well with our judgement 
in the field except for a few; for instance, CM-6 which was tall but showed seed 
characteristics of the annual type was considered to be an intermediate type. Wild-rice 
plants growing in the rice fields (called the weedy type in this report) showed seed 
characteristics intermediate between typical perennial and annual types and had 
various plant heights according to the water condition in their habitats. 
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Fig. 6. Populations of O. perennis scattered according to the discriminant score for 

classifying the perennial and annual types (abscissa) and plant height recorded at 
their habitats (ordinate). 

 
The records on habitat condition of O. perennis populations are summarized in 

Table 1. Perennial types were found in marshs with deepwater which were disturbed 
in varying degrees; annual and intermediate types were in shallower water or in dry 
fields more strongly disturbed by man or by cattle. This confirms Oka's (1964) previous 
observation. 
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Table 1. Conditions of habitats of O. perennis in Asia 

Type   Water depth in early 
dry season (cm) 

  Disturbance*   Total plant cover (%)  

    0 50 50<   0 1 2 3   40 60 80 100   
Perennial    7 

(4 
10 
14) 

 3 
(3 

4 
7 

10 
6 

 
6) 

  4 7 6  

Intermediate  3 5 
(11 

1 
3) 

   
(1 

8 
7 

1 
4) 

  3 3 3  

Annual  2 
(7 

3 
13) 

   
(1 

1 
7 

4 
10 

 
5) 

 2 2 1   

Weedy   2 3 1         6             

Type No. of major coexisting 
species 

  Species diversity including 
O. perennis (H) 

  % biomass of annual species 

  1-2 3-4 5-6 7<   0.4 0.6 1.0 1.2<   0 25 50 75 100 
Perennial 7 8 1   3 7 4 2  5 

(2 
4 
2) 

3 2  

Intermediate 2 2 3 1   3 3 2  2 
(1 

2 
1) 

1 1 3 

Annual 3 1 1   1 2 1 1    2 
(1) 

 2 

Weedy 2 1   3   2   2 2     1 1 2 2 

Figures in parentheses show previous observations (Oka 1964) 
* 0: Natural, 1: Partly disturbed like roadside, 2: Adjacent to cultivated 

field or heavily grazed, 3: In cultivated or recently abandoned field 
 

The data for plants coexisting with the wild rice were analyzed to look into the 
biotic environments of respective sites. In the same manner as was done in our African 
study-tour (Oka et al. 1978), the biomass of a species in a habitat was estimated by the 
product of plant height and cover, and was shown by the percentage to total biomass. 
Species diversity was measured by the amount of information, H = -Σpilogepi, where pi 
stood for the percent biomass of i-th species. Total plant cover was greater in the 
habitat of perennial types than in those of annual types (Table 1). Major coexisting 
species and their relative frequencies are listed in Table 2. Leersia hexandra was 
commonly found in the habitats of both perennial- and annual-type wild rice in India 
and Thailand. In general, annual species were dominant in the habitats of annual-type 
wild rice, while perennial species were dominant in the habitats of perennial-type wild 
rice (Table 1). This suggests that O. perennis and other coexisting species are 
commonly controlled by certain environmental factors. The major factor would be the 
water regime since the percentage of annual species in biomass decreased, as shown in 
Fig. 7, with increasing water depths in the habitat. 
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Table 2. Major plant species sympatric with O. perennis and their relative frequencies 
(in %; cf. Appendix II) 

Species   Type of wild rice   

India Thailand 

Perennial Ann. & Interm. Perennial Ann. & Interm. 

Perennial species     

Aeschynomene americana  21 %  14 %  14 %  0 % 

Cyperus procerus  0   0  43  0 

Eichhornia crassipes  29  0  14  14 

Imperata cylindrica  0  57  0  29 

Ipomoea aquatica  21  0  71  29 

Paspaladium geminata  7  29  0  0 

Scirpus grossus  0  0  14  29 

Annual species     

Alternanthera sessilis  7  29  0  0 

Cyanotis axillaris  7  29  0  14 

Echinochloa crus-galli/colonum  14  43  29  0 

Fimbristylis miliaceae  21  43  0  29 

Leersia hexandra  36  29  14  43 

     

Number of sites observed  14  7  7  7 
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Fig. 7. The sites of observation scattered according to water depth (abscissa) and 

percent biomass of annual species coexisting in the community (ordinate). 

 

Species diversity tended to be high in drier habitats, as shown in Fig. 8. This 
suggested that species diversity increased with the abundance of annual species. 
However, communities consisting of perennial and annual species in a half-to-half 
proportion had the highest species diversity, showing a curvilinear relationship 
between species diversity and proportion of annual species (Fig. 9). The wild rice of 
intermediate perennial-annual types existed in habitats with such communities 
having the highest species diversity (Fig. 9; Table 1). Also, such habitats were strongly 
disturbed. 

In many of the habitats observed, O. perennis was a dominant species. Its 
percent biomass tended to be low in habitats with perennial and annual species in a 
half-to-half proportion, as shown in Fig. 10. Accordingly, intermediate 
perennial-annual types generally had a low percent biomass. This seems to suggest 
that their populations are unstable.
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Fig. 8. The habitats of O. perennis scattered according to water depth (abscissa) and 

species diversity of coexisting plants (H, ordinate, including O. perennis). 

 
The above observations do not include the wild rice of weedy type distributed in 

rice fields. In rice fields, as will be mentioned later, the wild rice is in competition with, 
and exposed to gene flow from cultivated rice; it is also subjected, together with other 
weeds, to the pressure of weeding and other farm managements. Those rice fields 
showed a wide range of biotic environment when estimated by the diversity of 
coexisting species as well as by the proportion of annual species (Table 1). 

Let us examine the records for a few particular populations of wild rice. A 
population consisting of a perennial and an annual type standing side by side (BH-2B) 
was found in the southern suburb of Bhubaneswar, Orissa. Though such sympatric 
populations were not found elsewhere during our trip, Katayama (1980) reported that 
he observed two such sites in the lowland along the Brahmaputra River in Assam. The 
habitat of BH-2B was a roadside swamp which was not disturbed much, although the 
other side of the road was rice fields. The margin of the swamp with shallow water 
( <20 cm) was occupied by an annual type, and the central part with deep water ( >50 
cm) was a stand of a perennial type (Fig. 11). The perennial and annual types showed 
habitat segregation, and intermediate types were not detected in a short time of 
observation. The perennial and annual types differed in plant height, seed 
characteristics, and within-population variability in seed size, in the same manner as 
was observed in comparing other populations (Table 3). They also differed in coexisting 
plant species. The microtopographic habitat segregation observed at this site 
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exemplifies that the perennial and annual types are differentiated in niche preference 
and their distribution is delimited by water condition. 

 

 

Fig. 9. The habitats of O. perennis scattered according to percent biomass of coexisting 
annual species and species diversity of the community. 

 

 

Fig. 10. Percent biomass of O. perennis (ordinate) compared with percent biomass of 
annual coexisting species (abscissa). 
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Fig. 11. Distribution of perennial (▲) and annual (●) types growing side by side in a 

marsh near Bhubaneswar (BH-2B) and a profile of the habitat. 
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Table 3. Habitat conditions and plant characters compared between perennial and 
annual types growing side by side (cf. Fig. 11) 

Zone : II 

(Edge of marsh) 

III 

Annual type 

IV 

Perennial type 

Habitat conditions:    

Water depth (cm) 0 20 50 

Total plant cover (%) 70 40 60 

Species diversity (H) 0.66 1.18 0.55 

% biomass of annual species 36 54 0 

Plant character:    

Cover by O. perennis (%)  30 40 

Plant height (cm)  80 130 

Awn length (cm)  6.3 6.0 

Length/width of spikelet  2.69 3.20 

G*  0.091 0.120 

* Within-population variability shown by the square-root of generalized 
variance for length and width of spikelets (in mm) 

 
An example of within-population differentiation was obtained in a roadside ditch 

with shallow water ( < 10 cm) 15 Km south of Chiangrai, northern Thailand (CR-7). 
The wild rice was an intermediate perennial-annual type, and the habitat was 
becoming dry at the date of visit (November 13); it was the day of harvest in the 
adjacent rice field. The habitat was tramped by man and grazed by carabaos to some 
extent. The population on a strip of land could be divided into lots A, B and C, as shown 
in Fig. 12. A close observation of the plants revealed that those in the lots or 
sub-populations differed in awn color, flowering time and other characters (Table 4). 
The plants in B had more panicles with larger seeds and longer awns and were earlier 
flowering than those in A and C. The above-mentioned discriminant scores classifying 
the perennial and annual types on the basis of awn length and seed characteristics, 
computed with their data, showed that sub-population B was likely to be an annual 
type while A tended toward perennial type (Table 4). Sub-population A showed the 
greatest, and B showed the smallest within-population variability in seed size. The 
differences between sub-populations may be partly attributed to phenotypic plasticity 
responding to unequal disturbances; lot B was more strongly disturbed than A and C. 
In a greenhouse experiment at Misima (unpublished), an experimental population of 
perennial type showed higher reproductive effort when disturbed than when left 
undisturbed. However, the difference in awn color indicates genetic differentiation. 
These observations on this population have provided an actual example of 
within-population differentiation toward perennial and annual types. Intermediate 
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perennial-annual populations may be differentiated in such directions in response to 
the water condition and disturbance of the habitat. 

 

 
Fig. 12. A sketch map showing the distribution of O. perennis plants in a roadside ditch 

near Chiangrai (CR-7). The plants were differentiated into sub-populations with 
different characteristics. 
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Table 4. Differentiation of an intermediate perennial-annual population (CR-7) into 
sub-populations with different characteristics 

Trait CR-7A CR-7B CR-7C 

Habitat condition    

Water depth (cm) 0-5 0-5 0-10 

Degree of disturbance Moderate Strong Moderate 

Total plant cover % 70 50 80 

Species diversity (H) (No record) 0.79 1.23 

Annual spp, % biomass (No record) 90 98 

Habitat segregation with other species Moderate None Clear 

    

Plant character    

Plant height (cm) 50 40 40 

Panicle no./plant 0-3 2-14 0-6 

% cover 60 30 40 

Flowering time Late Early Medium 

Awn color Red White Red 

Discrimunant score (X*) 5.91 9.56 7.80 

Within-population variability ( G**) 0.128 0.053 0.096 

 * X = (Awn length ) - 0.50(L/W of spikelet) + 0.65(L x W of spikelet) 
     (standardized, explanation in text p.17) 
** Square-root of generalized variance for length and width of spikelet(mm); 
     G = Vlength x Vwidth - Cov2 (cf. Morishima and Oka 1970) 
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3. Weedy types and hybrid swarms 

Most of O. perennis populations we observed were in the proximity of rice fields 
and seemed to have absorbed more or less genes from the cultivated rice. In this report, 
conventionally, the wild-rice plants growing in rice fields and showing some 
characteristics of cultivated rice are called the weedy type. Thus, three populations 
from North Bengal (JR-2, JR-3, and JR-4), and three from Orissa (CT-4, JP-7, and 
JP-8) were classified as weedy types. Generally, the plants were sparsely distributed in 
the field and more densely on the margin. Most of them were found in directly seeded 
fields; those found in transplanted field (JP-6) could be due to inconscious mixture in 
the seed-bed. In deepwater fields, the weedy plants were tall and looked like perennial 
or intermediate perennial-annual types (JR-3, JR-4, and CT-4). Those in fields with 
shallow water were short-statured and looked like an annual type (JP-7 and JP-8). 
Their discriminant scores for classifying the perennial and annual types (with data for 
awn length and seed morphology)showed that they were intermediate 
perennial-annual types. When they were scattered according to the discriminant score 
and plant height, as shown in Fig. 6, most of them could be distinguished from the 
perennial-intermediate-annual types. In grain weight and panicle shape, the weedy 
plants varied toward the cultivated rice. As early discussed by Oka and Chang (1959), 
they may be intermediate wild-cultivated types in certain characters, and may be 
considered to have been derived from hybridization between wild and cultivated 
plants. 

Where the weedy plants were present, a few plants which were probably hybrid 
between the weedy and cultivated plants could be observed. This indicates that, as 
Harlan (1965) has pointed out, the coexisting weedy plants serve as a gene pool of 
cultivars. Hybrid swarms between cultivated and wild plants were also observed in 
rice fields with rather deep water into which wild or weedy plants invaded (JR-2 and 
BH-1). In such hybrid populations, as shown by Oka and Chang (1961), a continuous 
range of variation between wild and cultivated types was observed and character 
variations were remarkable. A typical hybrid swarm, JR-2, was found in a part of a 
deepwater rice field near Jalpaiguri, North Bengal. The field was undulated so that 
the water depth on the day of our visit (October 29) varied from 0 to 30 cm. The 
cultivated plants in this field, which had been directly sown, were 120 cm tall, while 
the hybrid plants showed a range of 90 to 150 cm. There were various weeds which 
showed a high species diversity, H = 1.48. 

A population of perennial type (JP-4) found in a water reservoir near the 
Similiguda Mixed Farm, Jeypore Tract, contained variant plants: Awnless (15 %), 
non-seed-shedding (20 %), straw-colored hulls (50 %), and short apiculus hair (26 %). 
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The site had been a natural swamp, and a small embankment was constructed 10 
years ago to use the swamp as water reservoir. The population had persisted since 
before embanked. The population we found in another pond in the Jeypore Tract (JP-6), 
however, had no awnless or other variant plants, and we had not enough time to look 
for more populations. Possibly, the awnless and other variant characters in the 
Similiguda population have resulted from introgression of genes of cultivated rice, 
although the nearest rice field was about 300 m apart and the population appeared to 
be isolated. Yet, the presence of plants with characters of cultivated rice in natural 
populations may afford a substantial clue to the process of domestication, as discussed 
by Sano et al. (1980). 
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4. Within-population variations 

The amount of variation within populations of O. perennis would be conditioned 
by the breeding systems (propagating by seed or vegetatively; inbreeding or 
outcrossing) and the intensity of selection (due to water condition, disturbance, 
competition, etc.). With the seeds collected on a single plant basis, the generalized 
variance of length and width of spikelets was computed in each population. The result 
showed that the perennial as well as intermediate perennial-annual populations had 
much greater within-population variances than annual populations, as given in Table 
5. The data may be regarded as representing genetic variation since seed size is not 
much influenced by outer conditions. 

Table 5. Intra-populational variations in O. perennis 

Type Generalized variance for seed size, G* 

.04 .08 .12 .16 .20 .24 

Perennial  5 4 1  1** 

Intermediate  4 3 1   

Annual 1 3     

Weedy       2 1   

* G: Square-root of generalized variance for seed length and width (in mm) 
** Adjacent to cultivated rice in a deepwater field, CT-3 
 

In our previous study in which the first generation plants raised from the original 
seeds were examined, within-population variance was greater in the increasing order 
of annual - intermediate - perennial type (Morishima and Oka 1970). This seems to 
reflect the effect of genetic segregation in the experimental condition, as heterozygosity 
was also higher in the same order. Examining the material collected from natural 
habitats, the intermediate perennial-annual populations which were heterogeneous 
might have shown as great variability as perennial populations which were more 
heterozygous; some perennial populations appeared to be relatively uniform even 
though they could be highly heterozygous. 

Populations of the weedy type showed greater variances than non-weedy 
perennial and intermediate populations. This would be due to their hybridization with 
cultivated rice. Among the four weedy types examined, two in deepwater field (JR-3 
and JR-4) showed greater variance than the other (JP-7 and JP-8) found in shallow 
water which were short-statured and resembled annual types. 

All the seed samples were examined with regard to phenol reaction of the hull 
and iodine reaction of the endosperm. For testing phenol reaction, since almost all 
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ripened hulls of O. perennis show blackish coloration, infertile hulls not showing 
coloration were used. It was found that some populations contained plants with 
negative phenol reaction. As is well known, phenol reaction is monogenic, positive (Ph) 
being dominant over negative (ph), and can differentiate between cultivars of O. 
sativa; most Indicas are positive and most Japonicas are negative. The finding of 
phenol-negative plants in the populations of O. perennis is not surprising as there can 
be such genie changes. But, it was doubted if a part of the material used was immature, 
as spikelets before flowering do not fully respond to phenol even if they have the 
dominant Ph gene. A reexamination of the plants raised from the original seeds 
showed that only a population of hybrid swarm with O. sativa (JR-2) contained a few 
phenol-negative plants, possibly through introgression. In our previous studies 
(Morishima et al. 1961; Oka and Chang 1962), we found that all the plants of O. 
perennis tested were phenol-positive. On the other hand, it was reported that the black 
hull coloration in rice was controlled by two (Bh and Ph, Kuriyama and Kudo 1967) or 
three (Bh1, Bh2 and Ph, kinoshita and Takahashi 1976) complementary dominant 
genes. This means all the wild-rice plants with black hulls should have the Ph gene. 

The iodine test showed that one (CR-1) of four populations of O. perennis found in 
northern Thailand contained glutinous homozygotes with a frequency of 20 percent. 
The rice cultivars grown in northern Thailand are exclusively glutinous while O. 
perennis is essentially non-glutinous. Therefore, the distribution of the glutinous gene 
in O. perennis populations can serve as an indicator of introgression of sativa genes, as 
was early discussed by Oka and Chang (1961). 
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5. Population flux observed in Thailand 

Three of our observation sites in Thailand, A, B, and C, have been under 
observation for several years, namely, since 1974 by Dr. K. Hamamura of the Tropical 
Agric. Res. Center, Japan (now in Hokkaido Nat. Agr. Exp. Station), in 1976 June and 
1977 January by Oka, and in 1977 November by Oka, Morishima and Sano (Sano et al. 
1980). The conditions of the habitats, percent seedlings to total plants (seedlings plus 
ratooned plants) in 1976 June, and the mean reproductive efforts measured at Misima 
for the three populations are summarized in Table 6. 

 

Table 6. The habitat and reproductive behavior of three populations observed in 
Thailand (cf. Sano et al. 1980) 

Site 
code 

Location Habitat Water depth(m) Distur- 
bance 

%  
seedling in 
June 1976 

Mean 
reproductive 
effort (%)* Late 

Dec. 
- Max 

A 1 Km S of 
Klong Luang 

Marsh 
along 
highway 

0 - 0.5 High 
(tramped) 

0 3.2 

B 7 Km E of 
Saraburi 

Roadside 
ditch 

dry - 0.2 Medium 100 32.6 

C 1 Km S of 
Ayutthaya 

Fringe of 
deepwater 
rice field 

0.2 - 1.0 High 
(partly 
grazed & 
cultivated) 

26 9.8 

* Measured at Misima 
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Fig. 13. Changes in percent cover of three O. perennis populations (solid line) and 
coexisting annual species (broken line) observed in 1975 to 1979. A - a small 
perennial population at Klong Luang; B - an annual population at Saraburi; C - an 
intermediate perennial-annual population at Ayutthaya (after Sano et al. 1980). 

Changes in percent cover of the wild-rice plants and those of coexisting annual 
species are shown in Fig. 13. Population A (perennial type) which had a low coverage in 
1976 and 1977 became extinct in 1979; the wild rice was replaced by perennial grasses 
and sedges, Panicum repens, Cyperus procerus, and an Andropogon species. Probably, these 
species gained advantage under the impact of increased disturbance due to urbanization. 

Population B (annual type) also tended to decline from about 100 percent cover in 
1975 to only 10 percent in 1979. Among its coexisting plants, a decreasing trend of 
annual species was observed. This suggests that secondary succession has proceeded 
as the site was left relatively undisturbed. Probably, the B population had become 
vigorous after a strong disturbance on the occasion of road repair some 10 years ago, 
and declined with relaxation of disturbance. 

Population C (intermediate type) remained almost unchanged. In 1977 January, 
there were two separate clumps showing non-seed-shedding (C1 and C2) which might 
have resulted from introgression of genes of cultivated rice (Sano et al. 1980). These 
separate clumps were not detected any more at our later visits although search for 
them was difficult because of deep water. 

These observations suggest that the perennial, intermediate, and annual types of 
wild rice respond differently to habitat disturbance. It seems that the perennial wild 
rice is not tolerant of disturbance while the annual wild rice needs some disturbance 
which reduces perennial competitors. The intermediate perennial-annual plants may 
be weedy and adaptive in the proximity of rice fields where disturbance is periodical. 
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OBSERVATIONS ON CULTIVATE RICE 

1. Conditions of rice culture 

Nepal: 

About 80 percent of rice production in Nepal is due to the Terai area. The plain 
bordering India is included in the so-called Outer Terai. In the Inner Terai (inside the 
Siwalik Hill), rice fields were opened recently after the clearance of forests. As the 
altitude is below 200 m, two crops of rice can be raised a year where irrigation is made 
(20 %), but the rainy season crop only is raised in most of rice fields. Recommended 
varieties in this area are semi-dwarf CH45. IR8, IR20, etc. (Ann. Rep., Nat. Rice Impr. 
Program, 1977). In addtion, native varieties with tall stature are still grown. Rotation 
systems, rice-rice-wheat and maize-rice-wheat, are recommended (Aota and Sherestha 
1979). The Parawanipur Agricultural Station near Birganj (Director: Dr. B. B. Shahi) 
is the center of agricultural research in this area. 

The valley of Kathmandu is another important area of rice production in Nepal. 
As the valley has an altitude of about 1,300 m, rice is planted in June and harvested in 
October. Leading varieties are Taiwan Japonicas (Ponlai) covering about 80 percent of 
30,000 ha field; the average yield is more than 4 ton/ha. Taichung 65 was introduced in 
1963, and was replaced by Taichung 167 introduced in 1967. Others are Chianan 2, 
Chianung 242, Tainan 1, and Kaohsiung 27. Native Indicas were also found, and a 
mixture of Japonica and Indica varieties was observed in terraced fields near the 
margin of the valley. Major crops other than rice are corn, finger millet (Eleusine 
coracana), mustard and radish. The Khumaltar Agricultural Station is the center of 
agricultural research in this area. 

On the mountain slope, terraced fields have been constructed and are planted to 
rice up to an altitude of about 2,000 m. Above this, corn, finger millet, buckwheat, 
wheat, barley, potato, etc. are grown. The rice varieties in terraced fields were various 
and mixtures of two or more varieties in the same field were often found. About 800 
varieties have been collected and preserved in the Parawanipur Station; a random 
sample of 127 accessions was given to us through their courtesy. Cold tolerance is 
critical on the hills. At Palung Valley (ca. 1,800 m), we observed that 25 strains 
selected at Khumaltar (ca. 1,300 m) for cold tolerance were seriously injured by low 
temperatures and neck blast. The population of selected strains appeared to be inferior 
to an adjacent land-race population which was highly heterogeneous. 

In Terai as well as in terraced fields on highland, rice is transplanted with a 
narrow spacing, about 15 × 20 cm. When an improved variety is planted on fertile soils, 
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a wider spacing will be made. Directly seeded upland culture of rice on hill slopes does 
not seem to be practiced in Nepal. 

We have learned that the farmers prefer to grow a mixture of two or more 
varieties of rice when soil conditions are poor. The mixtures we observed were 
Handiphool (local) + CH45 (improved), Mansara (local) + Gurara (local), and of other 
unknown varieties. We have also learned that when the farmers use improved 
varieties, they choose either Indica or Japonica variety in accordance with the soil 
fertility of their field. In addition to varietal mixtures, mixed croppings like corn + 
green gram, corn + finger millet, mustard + radish, etc. were found on terraced fields. 

India: 

Under the auspice of the Indian Council of Agricultural Research, the breeding of 
high-yielding semidwarf varieties is a basic strategy in rice improvement programs. In 
the last 15 years, irrigated area was doubled (50 m ha) and the use of fertilizers was 
increased to 10 times as much (30 Kg/ha) on the average. The extension of semidwarfs 
was pushed to about 30 percent of the total acreage (almost the same figure as in the 
Nepalian Terai area), although the achievement would differ locally. For instance, 
travelling through three districts from northern Andhra (Salur) to southern Orissa 
(Berhampur), we estimated the proportion of rice fields planted to semidwarfs was 48, 
30 and 0 percent, respectively. 

Grain quality is another important breeding objective. For instance, introduction 
of the aromatic quality of "basmati" rice into high-yielding semidwarfs is experimented. 
A technique for rapid aroma determination in KOH solution was developed by Sood 
and Siddiq (1978). 

The Central Rice Research Institute (Director: Dr. H. K. Pande) is located at 
Cuttack, Orissa. There, various breeding experiments are carried on under the 
supervision of Dr. M. J. B. Rao. He emphasizes the importance of selection of good 
parents for hybridization, particularly in Indica - Japonica crosses; in his experience, 
Jikkoku x Seraupkechil-36 seemed a successful combination (Rao 1978). 

With regard to the conservation of genetic resources, the National Bureau of 
Plant Genetic Resources (Director: Dr. K. L. Mehra) was established in 1976 on the 
Pusa Campus of New Delhi as an independent body from the Indian Agricultural 
Research Institute. Rice germplasms are being collected from different parts of the 
country placing emphasis on the north-eastern states, i.e., Assam, Meghalaya, 
Nagaland, Tripura, Manipur and Aranachal Pradesh. So far, about 7,000 accessions 
were collected, and a set of duplicates was sent to the International Rice Research 
Institute. From among the collections, a new dwarfism gene was found in addition to 
various resistance genes (Singh el al. 1979). In the Genetic Resources Programme (Dr. 
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J. K. Roy) of the Central Rice Research Institute, about 5,000 rice cultivars are 
preserved and are tested for a number of characters, i.e., resistances to gall midge, 
stem borers, brown plant hoppers, blast disease, Helminthosporium spot, bacterial leaf 
blight, Tungro virus, tolerances to drought, submergence, deepwater condition, salinity, 
cold, etc. and scented quality. A random sample of 36 accessions from the Manipur 
collection was made available to us. 

We visited West Bengal and Orissa only, except for the city of Delhi. In West 
Bengal, rice fields are in a greater part in marshy lowland. The crops are raised in 
three seasons, i.e., aus (premonsoon), aman (monsoon), and boro (winter), with 
different varieties, respectively. We observed that rice fields, even neighboring, 
significantly differed in water condition, one being dry while the other in deepwater, 
particularly in the northern part of the province (North Bengal). The water condition 
may also differ temporarily in the same field. To cope with changing water conditions, 
tall Indicas with stiff straw have been selected traditionally. Their improvement is 
projected by the Rice Research Station at Chinsurah (Director: Dr. S. Biswas). This 
makes a contrast to the breeding of semidwarf floating varieties in Thailand. 

The Jeypore Tract in Orissa is a hilly area which has been isolated from modern 
cultivation until the 1960's. As mentioned already, modernization is now in progress. 
Visiting Koraput (highland) and Nowrangpur (plain) districts, we found that nearly a 
half of the rice fields were planted to improved varieties. In the Similiguda Mixed 
Farm, the progeny of IR5 x local varieties was being tested for local adaptability. About 
10 percent of rice fields were irrigated. In general, transplanting is made in irrigated 
fields, while the seed is broadcasted on rainfed fields. Nevertheless, we could also 
observe some traditional croppings. We learned that in Nandapur where the ancient 
capital of the Jeypore Kingdom existed, each household preserves four to five, 
sometimes ten, traditional rice cultivars as they recognize the traditional varieties to 
give a stable yield under changing conditions. 

There were a variety of crop species in addition to rice. We recognized finger 
millet (Eleusin coracana), common millet (Panicum miliaceum), foxtail millet (Setaria 
italica, seemingly a weed type), pearl millet (Pennisetum typhoideum), Job's tears 
(Coix lachryma-jobi), green gram (Phaseolus radiata), black gram (Phaseolus mungo), 
other unknown legumes, "niger" (Guizotia abyssinica, an oil crop), Baxa sp. (for 
coloring diet), ginger (Zingiber officinale), and turmaric (Curcuma aromatica). On the 
highland, the farmers prefer mixed cropping in the fear of drought. We observed 
mixtures of foxtail millet + common millet, pearl millet + foxtail millet, niger + foxtail 
millet, finger millet + pearl millet + niger, etc. Sometimes, rice was grown in mixture 
with common millet in upland fields. Shifting (slash and burn) was still in practice on 
mountain slopes which were not terraced. 
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Thailand: 

In northern Thailand, the major rice growing areas are Chiengmai-Lampoon, 
Chiangrai-Lamphan, and Prae-Nan valleys. As is well known, glutinous rice is staple 
and is grown in most rice fields in the rainy season. Nonglutinous rice is a cash crop 
grown in the dry season where irrigation is made. All the seed samples of cultivated 
rice we collected in this area were glutinous although some of them contained 
non-glutinous grains. The distribution of frequencies of the glutinous gene was early 
reported by Oka and Chang (l96l). Cooked glutinous rice sold at the market contained 
3 to 10 percent non-glutinous grains. 

In lowland fields, transplanting is generally made. Irrigation was made available 
in a part of rice fields, 20-30 % in Chiengmai and 5 % in Chiangrai valley. But, in 
addition, there are small traditional irrigation systems which work in the rainy season. 
Thus, about 70 percent of rice fields in Chiengmai valley are irrigated. In 1979, 
however, northern and north-eastern Thailand suffered from drought. We observed a 
few badly damaged rainfed fields. We visited two rice research stations in northern 
Thailand, one at Sampatoun, Chiengmai (Director: Dr. Boriboon Somrith) and the 
other at Phan, Chiangrai (Director: Mr. Chumnon Pulsawadi) to learn about local 
problems. In Chiengmai valley, where irrigation is possible, farmers grow two to four 
crops a year, namely, glutinous rice (photo-sensitive) in the rainy season; non-glutinous 
rice (non-sensitive), soybean (a new variety, SJ-4, selected at Meijo), peanut, tabacco, 
and mung bean in the dry season. In intensive areas, cabage, califlower, chilli, and 
other vegetables are grown as winter catch crops. 

In the mountainous region, upland rice, maize, potato, taro, soybean, other 
legumes, and opium are grown by the hill tribes. Slash and burn culture is still 
practiced although destruction of forests is prohibited by the government. For 
improvement of agriculture in the hill region, the Panda Royal Highland Agricultural 
Research Station was founded in 1978 near Samoeng, at an 820 m altitude, and is 
supervised by an officer of Japanese origin, Mr. Y. Aihara. Resistances to cold and 
drought are required for rice varieties in the mountain area. Progeny lines derived 
from RD1 (semidwarf) x native upland varieties were being tested with successful 
results. 

The central plain or the lower basin of the Chao Phraya river is a major rice 
producing area. A considerable part of this area (about 1 m ha) is regularly inundated 
in August through December with the flood of the river. In the fields free from flooding, 
the monsoon crop of rice is transplanted as soon as water is available. In the flooded 
area, the seed of floating varieties are broadcasted in June, before the flood. The depth 
of flood depends on the level of land above the river, but differs from year to year. The 
maximum depth reaches 6 meters in Maharat area. The floating rice is characterized 
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by the elongation of submerged internodes and certain other characteristics (cf. 
Morishima et al. 1962; Oka 1975; IRRI 1977). Varieties used in the fields where the 
maximum depth is 0.5 to 1 m are called "semi-floating" in Thailand. Varieties carrying 
the semidwarfism gene of I-geo-u-gen and floating ability were developed by Dr. B. 
Jackson and coworkers (Yantasast et al. 1970). They have a plasticity responding to 
water depth and a high yielding potential, and have proved successful in 
"semi-floating" fields. 

Rice research in Thailand is supervised by the Rice Division, Department of 
Agriculture, at Bangkhen. Semidwarf high-yielding varieties, RD1 to RD9, have been 
selected, of which those with odd numbers are non-glutinous and those with even 
numbers are glutinous. Recently, with the extension of irrigation facilities, the dry 
season crop with these improved varieties has increased. In the central plain, there are 
two rice experiment stations, one at Hantra and the other at Klong Luang. At Hantra, 
deepwater rice is experimented. At Klong Luang where the soil is acid sulfuric, 
screening of rice cultivars for tolerance to phosphoric acid deficiency is a special project. 
A tolerant variety, DM3, was early known, and the project is continued with the 
cooperation of Mr. T. Yagi from the Tropical Agriculture Research Center of Japan.
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2. Inter- and intra-populational variations in seed characters 

The seed samples we collected were mostly from farmers' fields to which native 
varieties were planted. To evaluate their inter- and intra-populational variabilities, 
various seed characteristics, i.e., length and width of spikelets, apiculus hair length, 
awn length, hull collor, pericarp color, phenol reaction of the hulls, and glutinous vs. 
non-glutinous endosperm were recorded on an individual basis. Of them, length/width 
ratio of spikelets, apiculus hair length, and phenol reaction were used for a 
preliminary evaluation of Indica-Japonica differentiation among the seed samples. The 
two metric characters tended to be negatively correlated, and negative phenol reaction 
tended to be frequent in varieties with long apiculus hair and roundish grain shape, as 
shown in Fig. 14. This indicates that the populations had a tendency to be 
differentiated into the Indica and Japonica types. 

 
Fig. 14. Populations of O. sativa scattered according to the length/width ratio of 

spikelets (abscissa) and apiculus hair length (ordinate). Percent phenol-positive 
plants is shown as :>90, :10-90, and :<10. 
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Most of the varieties from terraced fields on the hill and Kathmandu valley in 
Nepal appeared to be Japonicas; those from Pokhara had roundish grains with 
relatively short apiculus hair and appeared to be intermediate Indica-Japonica types 
although they must be reexamined with data for other characters. Some varieties from 
North Bengal, the Jeypore Tract, and northern Thailand also appeared to be 
intermediate Indica-Japonica types. 

The collections of land races from Nepal (127 accessions) and Manipur, India (36), 
which we obtained through the courtesy of respective officers in charge, were also 
examined for the same characteristics as mentioned above. A wide range of variations 
in length/width ratio of spikelets was found in both collections(Table 7). Among 
Nepalian cultivars, the length/width ratio was not correlated with apiculus hair length 
nor with phenol reaction. Among Manipur cultivars, those with roundish grain tended 
to have long hairs and negative phenol reaction suggesting a tendency toward 
Indica-Japonica differentiation. The frequency of glutinous varieties was 10 percent in 
Nepal and 8 percent in Manipur. 

Table 7. Variations in length/width ratio of spikelets, apiculus hair length and phenol 
reaction among the land races of Nepal and Manipur 

Character L/W ratio of spikelets 

Nepal  Manipur 

2.2 2.6 3.0 3.4 3.8 4.2   1.8 2.2 2.6 3.0 3.4 

Apiculus hair length             

long (>0.6 mm) 1 8 7 3 3        

medium (0.3-0.6 mm) 12 22 47 10 6 1  3 6 7 2 2 

short (<0.3 mm) 3 1 2     1 3 5 3 4 

             

Phenol reaction             

+ 14 30 48 12 7 1  1 4 6 4 5 

- 1 1 7 1 2     3 5 6 1 1 
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Table 8. Within-population variations observed in O. sativa 

Collection site % phenol-negative plants  % brown hulled plants  % plants with red pericarp 

0 20 40 60 80 100  0 20 40 60 80 100  0 20 40 60 80 100 

Nepal                     

Terai 3       2     1  2      

Hill 10 1  2 1 6  12 2 2 1 1 2  8 6 1    

                     

India                     

W. Bengal 4 2      4     1  2 1     

Jeypore 9       3 3    3  2 1 1 2  1 

                     

N. Thailand                     

Lowland 9       7  1     5 2     

Upland 2 2           2   1 1       1 2       1 

                     

Collection site % awned plants  Generalized variance 

for spikelet size, G* 

       

  0 20 40 60 80 100   .05 .10 .15 .20 .25 .30        

Nepal                     

Terai 2  1     2 1            

Hill 12 6 1 1    6 6 4 3 1         

                     

India                     

W. Bengal 1 2 3     2 2 1           

Jeypore 3 1 2 2 1   1 3 2 1          

                     

N. Thailand                     

Lowland 7  2     2 3 3 1          

Upland 1 2 1             2 1   1        

* G: Square-root of generalized variance for length and width of spikelets (in mm) 
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The existence of Japonica-like varieties in the Himalayan region was early 
reported by Kihara and Nakao (1960), Kulkarni (1962), Sharma et al. (1971), and 
Seetheraman et al. (1974). In our present observation, some characteristics of the 
Japonica type are found, but the character association characterizing the Japonica 
type was not clearly recognizable. The Indica-Japonica differentiation does not seem to 
have advanced much among the Nepalian cultivars. To look more closely into the 
varietal variation, characteristics other than those of the seed should be examined. In 
terms of the probability of misclassification, the length/width ratio of spikelets was the 
least reliable of eleven characters we had examined with regard to discrimination 
between the Indica and Japonica types (our unpublished data); the two types can be 
distinguished by multivariate analysis but can not be distinguished by any single 
character confidently. 

The grade of within-population polymorphism as shown by character variations 
and generalized variance for seed size found among our collections is summarized in 
Table 8. Many populations, particularly those collected from mountainous regions, 
were highly polymorphic. Generalized variances ranged from 0.032 to 0.466 (0.055 to 
0.397 in O. perennis populations), and were larger in mountainous varieties than in 
lowland varieties. 

In regard to within-population variations, the characters used for evaluating 
Indica-Japonica differentiation showed no significant correlation. This suggests that 
Indica-like and Japonica-like plants are not mixed in the same field. Yet, it is possible 
that the high degree of polymorphism in mountainous cultivar populations is partly 
due to the tradition of farmers to accept mixtures with the hope of stabilising yield 
under the stress environment. It may also be attributed to the wide range of 
environmental fluctuation which helps the populations to maintain genetic variations 
through diversifying selection. 
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3. Weeds in rice fields 

The weed species observed in lowland (including terraced) fields were 26 in Nepal, 
32 in India, and 20 in Thailand. The names of major species, their relative frequencies, 
and their mean biomass estimates in percent of total weed biomass are given in Table 9. 
Generally, annual species were predominant over perennial ones. The species 
commonly found in the three countries was Fimbristylis miliacea only. The weed flora 
seemed to markedly differ locally. However, it is worthy to note that 7 of 8 major 
species found in Nepal (except Eleocharis sp.) were the weeds common in Japanese rice 
fields. Among the species found in India and Thailand, Fimbristylis miliacea and 
Rotala indica were the ones common in Japan. In India and Thailand, Aeschynomene 
americana, Fimbristylis miliacea and Echinochloa crus-galli were the common 
associates of not only cultivated rice but also both perennial and annual types of O. 
perennis (cf. Table 2). 

In the upland fields on hill slopes observed in northern Thailand, 15 weed species 
were identified. None of them wore commonly found in lowland rice fields in the same 
area. 
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Table 9. Major weed species found in lowland rice fields 

Country Species Life form* Relative 

frequency 

Mean % 

biomass 

Nepal Echinochloa crus-galli A  53 %  27 % 

19 fields Fimbristylis miliaceae A  47  32 

 Eleocharis sp. P  37  47 

 Cyperus irria A  26  16 

 Rotala indica A  26  10 

 Cyperus haspen A  21  2 

 Vandellia anagallis A  21  6 

 Imperata cylindrica P  21  23 

India Fimbristylis miliaceae A  41  21 

13 fields Jussiaea prostrata A  38  40 

 Rotala indica A  31  8 

 Eichhornia crassipes P  31  20 

 Fimbristylis shoenoides A  15  1 

 Aeschynomene americana P  15  3 

 Hydrolea zeylanica P  15  20 

 Eleocharis sp. P  15  14 

Thailan Fimbristylis miliaceae A  43  17 

 7 fields Rotala indica A  43  7 

 Imperata cylindrica P  29  3 

  Jussiaea repens A  29  41 

* A - Annual,  P - Perennial 
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The species diversities of weeds shown by H = -Σpilogepi are in Table 10. The rice 
fields in hilly areas, either terraced (Nepal) or upland (Thailand), generally showed 
higher species diversity than those in plain areas. The species diversity of weed 
communities and the variance of seed size within rice population showed no significant 
correlation (r = 0.14), but their triangular distribution in scatter diagram (Fig. 15) 
suggests that they could be interrelated. A case in which species diversity and genetic 
diversity were intercorrelated was reported by the present authors from their 
observation of rice fields in northern Nigeria (Morishima and Oka 1979; Oka et al. 
1978). As Antonovics (1976) has discussed, it may be inferred that the field conditions 
in the hilly area impose selection pressure in varying directions and maintain both rice 
genetic diversity and weed species diversity. 

 

Fig. 15. Heterogeneity of cultivated rice populations as shown by generalized variance 

for seed size (in G, mm) compared with the diversity of coexisting weeds (in H). 
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Table 10. Species diversity of weed communities in rice fields 

Observation site Species diversity (H) 

0 0.5 1.0 1.5 2.0 

Nepal      

Terai 1 1 3   

Hill  1 8 4 2 

      

India      

W. Bengal  2 1 3  

Jeypore 2  1 2  

      

N. Thailand      

Lowland 3 3  3  

Upland     2 1 1 
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CONSIDERATIONS ON THE ANCESTORS OF CULTIVATED RICE 

Whether the perennial or the annual type of the Asian wild rice is more likely to 
be the progenitor of O. sativa has been a problem discussed among rice geneticists and 
taxonomists. Chatterjee (1951), Ramiah and Ghose (1951), and T. T. Chang (1976a,b), 
judging from character similarities, considered the annual type to be the direct 
progenitor of cultivated rice. The evolutionary path they have postulated is: 

Wild perennial → Wild annual → Cultivated 

In contrast, Sampath and Rao (1951) as well as Richharia (1960) considered the 
Indian perennial type (called balunga) to be the progenitor. Oka and Chang (1962) and 
Oka (1964, 1974) also considered the perennial type more likely to be the progenitor on 
the following circumstantial evidences: a) The perennial type had greater 
within-population genetic variations and accordingly greater evolutionary potential 
than the annual type (Morishima et al. 1961). b) Most cultivars of O. sativa are 
essentially perennial plants as they can be ratooned (Oka and Morishima 1967), and c) 
the intermediate wild-cultivated plants found in the Jeypore Tract showed character 
variations connecting the perennial wild with cultivated types (Oka and Chang 1962). 
The evolutionary path postulated was: 

Wild perennial → Wild annual 
 → Cultivated 

In our recent paper (Sano et al. 1980), we considered that the intermediate 
perennial-annual type could be most probably the progenitor of O. sativa, in view of its 
possession of large genetic variability within populations and relatively high 
reproductive effort. Although the genetic variations found in the intermediate 
populations may be largely attributed to introgression of genes from cultivated rice, 
mixed sexual and asexual propagation is a behavior helping maintenance of genetic 
variation. An intermediate population may be either a derivative of hybridization 
(secondary in the historical sense) or a transitional type moving along an evolutionary 
path (primary). It may be inferred, however, that the same forces act in both the 
primary and secondary processes. The intermediate plants also showed an appreciably 
high seed productivity. Probably, such plants have attracted the interest of Neolithic 
man who then relied on grain gathering with their rich variability and productivity. 
The evolutionary path postulated was: 

Wild perennial → Wild intermediate → Wild annual 
 → Cultivated 

The origin of a crop plant can not be an abrupt process of evolution. It depends on 
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a series of genetic changes and must have been a gradual process (Harlan 1970, 1975a). 
Hybridization must have played an important role, deriving not only various cultivars 
but also weedy types which have served as a gene pool (Harlan 1965, 1966). 

Our present observations have indicated niche differentiation between the perennial 
and annual types of wild rice. The perennial populations were found in deep swamps or 
ponds which could remain humid in the dry season, while the annual populations were 
in temporary swamps which were parched in the dry season. Further, the habitats of the 
annual populations were generally closer to rice field and appeared to be more 
frequently disturbed by man than those of the perennial populations. These observations 
have reconfirmed our previous judgement (Morishima et al. 1961; Oka 1964). 

In general, perennial taxa may be regarded as the ancestral form from which 
annuals were derived (Stebbins 1958). Most probably, the annual type of wild rice 
evolved from the perennial type as the result of selection for greater reproductive effort 
under the impact of water stresses which caused densityindependent mortality. 
Although the variation between perennial and annual types is continuous, 
intermediate perennial-annual populations are relatively infrequent. A discontinuity 
of frequency distibution was observed in photoperiodic response (Oka and Chang 1960) 
and in reproductive effort (Sano and Norishima, in preparation). This suggests that 
the intermediate type is not fully adaptive in truly natural habitats although the 
plants propagate both sexually and asexually (Sano et al. 1980) and would have a 
broad niche as the sexual and asexual means of propagation could be complementary. 

The habitats of intermediate perennial-annual populations we observed were 
characterized by a) a medium water depth in early dry season and a strong 
disturbance by man, b) a low dominance of the wild-rice plants in the community, and 
c) the presence of perennial and annual companion species with nearly equal 
dominance and a high species diversity in the community. The populations appeared to 
carry an amount of genes of cultivated rice as the result of introgression. It seemed as 
if they were adaptive primarily in disturbed habitats near rice fields. Presumably, 
when the habitat of an intermediate population was disturbed by man, the population 
could respond to "cultivation pressure" (Oka and Morishima 1971) with its rich genetic 
variation and might have gradually become domesticated. 
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THE HOMELAND OF O. SATIVA 

Where and when the common rice, O. sativa, was domesticated has been an 
unsettled issue. One hundred years ago, De Candolle postulated in his "L'origines des 
plantes cultivées" (1882) the origin of rice to be in India or Indochina. Vavilov (1926; 
1951) who developed the theory of dominant gene centers, considered that rice 
domestication occurred in India. His view was followed by later authors, e.g., Ramiah 
and Ghose (1951) and Sampath and Govindaswami (1958). This view was based on the 
recognition of rich character variations of and a close ecological relationship between 
wild and cultivated rices observed in India. However, some Chinese authors (e.g., Ho 
1969) set forth the possibility of rice domestication in China, as will be mentioned later. 
Li (1970) as well as Sampath (1973) was inclined to consider the domestication of rice 
in Indo-China. 

Let us briefly overlook archaeological-historical references. In India, according to 
Dr. R. C. Hazra, professor-emeritus of history and philosophy of the University of 
Calcutta (personal communication at our visit to him), the inhabitants of Punjab had a 
high level of civilization - social life and communication - before the invasion of Aryans 
(2,000 - 1,500 BC), and they were rice eaters. The oldest sacred book in Sanskrit, 
Rig-Veda, does not mention rice although it describes wheat and barley; the Aryans 
coming from west might have had some prejudice against rice. In another Sanskrit 
book, Atharva-Veda (ca. 2,000 BC) gives records on rice; the Sanskrit word showing 
rice is "Vrihi". The earliest archaeological find of rice was obtained from excavations at 
Mohenjo-Daro and Harappa in Sind and Punjab (near Pakistan) together with remains 
of cotton culture, which dated back to the 3rd millennium BC. 

The remains of rice culture were then found in Gujarat, Rajastan, Uttar Pradesh, 
Madhya Pradesh, Bihar, Orissa, West Bengal, and Mysore (Vishnu-Mittre 1977). 
According to Sir Mortimer Wheeler (1966, p.90), "Now, rice impressions have been 
recognized at the Harappan site of Lothal in Phase A, which on radiocarbon dating 
lasted until 1,700 BC or somewhat later. At about the same site, rice appears in 
Periods II-IV on the little site of Navdatoli, far away on the central reaches of the 
Narbada or Narmada (River). Here radio-carbon analysis gives a date of 1,660 ± 130 
BC for a late level of Period II. In Period I, which seems not to have been very much 
earlier, wheat had been found, but not rice; so that, if the evidence is representative, 
rice was known in western India in the 17th century BC, and in central India perhaps 
a century later". 

It may be inferred that the contact between the Aryan and native people which 
spread eastward stimulated civilization to develop. According to Dr. Hazra (l.c.), there 
is no historical record of rice culture in Assam before 600 BC, but in Bengal and Orissa 
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rice culture seems to have developed earlier than in Assam. 

In China, on the other hand, archaeological evidence and historical records show 
that rice culture started at least 1,000 years earlier than in India (Ho 1969). Major 
Neolithic cultures in China are classified into Yang-Shao (仰韶, painted potteries, 3,600 
- 4,100 BC, mainly in the Wei River (謂河 ) basin in Honan Province, north of 
Ching-Ling mountains) and Lung-Shan (竜山, black potteries, some 2,000 BC, in 
Santong and other eastern provinces) cultures. At a Yang-Shao site in western Honon 
studied by Anderson (1934), imprints of rice hulls on a fragment of a pottery jar were 
found which dated back to 3,000 BC. Carbonated rice grains, dated 4,035 BC and 5,005 
BC, were found at Song-Tzo, Chinpu-Hsien, Kiangsu (松沢,青浦県,江蘇) and Ho-Mu-Do, 
Yuyao-Hsien, Chekiang (河姆渡,余姚県,浙江), respectively (T.T. Chang, 1979). The rice 
grains appeared to be of the Shen (Indica) type. Prehistoric rice remains were found at 
least in nine more localities in the area south of the Huai River (淮河) and in the 
central and lower Yangtze basin, which belonged to the transitional period from 
Yang-Shao to Lung-Shan culture and dated about 3,000 BC. Ho (1969) states that 
"from existing evidence there is reason to believe that rice may have been cultivated 
first in the lower Han River (漢江) area late in the 4th millennium BC before it was 
introduced into the Neolithic nuclear area - the Loess highland". In the Lung-Shan 
culture, rice seems to have spread widely. 

At present, the distiribution of O. perennis in China has become limited to 
southern provinces, Kwangtung, Kwangsi, Yunnan, and Hainan (Kwangtung Agr. & 
Forestry Coll. 1975). But there are records of finding "floating wild rice with roundish 
grain" at Tsao-Hu, Anhwei (巣湖,安徴;Chou 1948) and a Keng (Japonica) type wild rice 
at Tung-Hai-Hsien, Kiangsu (東海県,江蘇; T.T. Chan 1979; cf. Ting 1961, pp.13-14). The 
wild rice has had a wide distribution in China before 1,000 AD. Ho (1969) gave a list of 
reports on the occurrence of wild rice by local officers in the period 231 to 1,023 AD 
(Table 11). The sites are distributed in Chekiang, Kiangsu, Anhwei, Hupei, and Hopei 
provinces; the northernmost is Ts'ang-Chou, Hopei (蒼州,河北,38°N). In Shang (商) 
oracles (1,600 - 1,000 BC), the wild rice was called "ni" (秜); later, several different 
names were used for wild rice as vocabulary developed, i.e., "li" (離) and "lu" (穭, 稆, 梠,
旅). However, it may be considered unwarranted if all these historical records refer to 
O. perennis. Zizania aquatica is distributed in marshes in northern China; as was 
described in Chou-Li (周礼,ca. 600 BC), the grain of Zizania called "barbarian rice" (胡
米, 胡彫米)might have been gathered by the people in the same manner as is done with 
the American wild rice (Zizania palustris). According to historical records (Ho 1969), 
some wild rice ripened in spring. This is implausible in O. perennis although 
exceptional plants insensitive to photoperiod (like those obtaining genes of cultivated 
rice through introgression) may produce panicles in late spring under semi-tropical 
climates. Wild rice was called "devine rice" (鬼禾); the same name was used for the wild 
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rice which had existed at Patu, Taoyuan-Hsien (八徳,桃園県), Taiwan (becoming extinct 
recently). Although some questions remain, it may be inferred that the wild rice 
populations distributed in the central plain of China have declined with the 
development of intensive agriculture in the present millennium. 

 

Table 11. Post-Han records on wild rice in China (after Ho 1969) 

Year (AD) Place (Modern name) Essential description 

231 Chia-hsing, Chekiang Wild rice ripened naturally. 

446 Chia-hsing 嘉興，浙江 Wild rices are of more than 30 varieties. 

537 Kiangsu (south of Huai) In the 9th lunar month, wild rices had grown 
over an area of 200,000 mu (about 12,000 ha).  江蘇 (淮南) 

537 Wu-hsing, Chekiang Wild rice ripened, much to the benefit of the 
local poor and hungry.  呉興，浙江 

731 Yang-chou, Kiangsu In early spring wild rice ripened in an area of 
21,000 mu, and perennial wild rices ripened in 
an area of 180,000 mu.  揚州，江蘇 

852 Kao-yu and T'ai-hsing, Kiangsu Poor people of the two counties procured 
strange rice by straining its grains in public 
rivers; they called it "devine rice".  高育，泰県，江蘇 

874 Ts'ang-chou, Hopei Wild rice ripened in an area of more than 
200,000 mu, much to the benefit of the poor of 
the local and neighboring counties.  蒼州，河北 

979 Su-hsien, Anhwei In the 8th lunar month wild rice ripened in 
lakes; harvest was gathered by the poor who 
called it "devine rice".  宿県，安徴 

1010 Kung-an, Hupei In the 2nd lunar month wild rice ripened, and 
people procured a harvest of 400 bushels.  広安，湖北 

1013 4 counties of T'ai-chou, Kiangsu In the 2nd lunar month "devine rice" ripened 
in various places in the counties.  太丘，江蘇 

1023 Soochow, Kiangsu and Chia-hsing, 
Chekiang 

"Devine rice" ripened in the 6th month in the 
lakes of these areas; harvests were gathered by 
the poor. 

  蘇州，江蘇，嘉興，浙江 
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The Neolithic culture discovered in northern Thailand and neighboring areas is 
known as the Hoabinhian culture. Carbon dating gave a wide range from 11,000 BC 
(earliest in the world) to 5,500 BC (Solheim 1972). A noted site is Spirit Cave in 
western Thailand studied by Gorman (1969). The early layers showed potteries and 
stone tools used for gathering fruits and nuts. The terminal layer (6,000 BC) appeared 
to have been associated with rice culture. There were cord-masked potteries, slate 
knives used for gathering of various plant materials. Non Nok Tha in north-eastern 
Thailand is another important site (Solheim 1972). Gorman (1977) asserted that rice 
culture was established in north-eastern Thailand before 4,500 BC. T. T. Chang (1979) 
who examined rice grains excavated at Non Nok Tha (3,500 BC) stated, however, that 
he could not distinguish them from those of wild rice. Excavation is continued by the 
Fine Art Department of Thai Government at Tambon Woeng, Sakon Nakkon Province 
(northeastern region); potteries and other articles more than 6,000 years old have been 
reported. 

It may be inferred that the early Neolithic people relied mainly on 
hunting-gathering and partly on cultivation of certain plants. The wild rice shows a 
variation in grain size and shape, and it is not always feasible to distinguish between 
wild and cultivated plants by the outward appearance of carbonated grains or imprints 
on clay. Domestication may be a slow process (Harlan 1975a), and there might have 
been intermediate wild-cultivated plants as observed by Oka and Chang (1962). 

Digging literature, we can not avoid recognizing a tendency of Chinese authors to 
insist the antiquity of Chinese civilization and Indian authors to consider Indian 
civilization in the same way. We, outsiders of archaeology, can have no evaluation of 
our own. 

It may be questioned whether the site of origin of cultivated rice is singular or 
plural. Based on comprehensive considerations of available information on 
hunting-gathering cultures on which man has lived for a long time in the paleolithic 
stage, Harlan (1975a) put forward the hypothesis of diffused origins of agriculture. In 
the light of this hypothesis, assuming plural sites of domestication seems to be more 
reasonable although such assumption arouses questions as to interrelations between 
the sites. 

In China, historical records are available with regard to the gathering of wild rice 
grain and technical development of rice culture (Ho 1969). Till the end of the first 
millennium AD, as already mentioned, there were many wild rice populations in 
marshes, and the grain was "a benefit of the poor". "Poor people procured strange rice 
by straining its grains in public rivers" (Ho 1969). Harvest was made also by tying up 
panicles to prevent shedding or by picking up the grain shed on the ground. This is the 
tradition still observed at the present time in some localities in Chad (Oka et al. 1978), 
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and also in India (Akihama 1973, and Mr. T. Chida, JAICA, personal communication; 
both in Madhya Pradesh). In the Jeypore Tract, wild rice is harvested for making "flat 
rice" for religious uses in wedding and funeral ceremonies (personal communication by 
Mr. H. B. Patnaik, Res. officer of agric., Berhampur, Orissa). Gathering of wild rice by 
the aboriginals is also reported in the Amazon basin (Oka 196l) and in tropical 
Australia (Oka 1978). Sweeping with a basket (Oka and Morishima 1971, in Orissa, 
India; Oka et al. 1978, in Chad) and shaking panicles on a canoe (Paul le Cointe 1947, 
in Amazon) are other methods of gathering wild rice in addition to tying up the 
panicles. It may be concluded that in ancient times the grain of wild rice was gathered 
throughout the world where wild rice existed. 

"The idea that agriculture resulted from a discovery or invention is obsolete for 
most students of the problem. Hunter-gathers knew how to grow plants; they just 
did'nt do it for a variety of reasons, one of which was that it took more work to farm 
than to gather" (Prof. J. R. Harlan, personal communication). There might have been a 
transitional stage between gathering and conscious seeding. As H. G. Wells (The 
Outline of History, 1951, pp.157-9) has supposed, the Neolithic man (possibly woman), 
"observing that grain grew at the old camping places, may have consciously scattered 
grain with the idea of its being returned later". Presumably, the initial step of plant 
domestication might have been seeding by man, which caused natural selection of 
cultivated types (Oka and Morishima 197l). 

In China, the rice culture in the early days, was practiced by broadcasting seeds 
in natural marshes without ploughing (Ho 1969); land was prepared by letting 
carabaos walk around. The harvest was consumed mainly by the ruling classes. 
Irrigation was done in northern China around 600 BC, and transplanting around 200 
AD when the word designating rice seedlings, "yang" (秧), appeared. Then, intensive 
rice culture should have helped social economy to develop. 

Rice cultivars are largely divided into the Indica and Japonica types although 
there are intermediates (cf. Oka 1958). Many of carbonized rice grains obtained from 
archaeological excavation in China appeared to be of the Japonica (Keng) type and a 
few were of the Indica (Shen) type (T. T. Chang 1979). The rice varieties planted in the 
central plain of China before the Sung dynasty (980 AD) were exclusively Japonica 
types (Ting 1949). Then, early-maturing Indicas were introduced from the south and 
spread out into central China. 

In northern Thailand (Oka and Chang 1963) as well as in southern China 
(Yunnan; Yu 1944), there is a tendency for Indicas to be grown in the valley and 
Japonicas on the hill. In our trip, we observed that the rice cultivars in the hilly 
regions of tropical Asia - Nepal, Jeypore Tract of Orissa, and northern Thailand - were 
not differentiated into the Indica and Japonica types very distinctly. When 
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discriminated by apiculus hair length, phenol reactioon of the hull, and grain shape, 
there were many intermediates which showed recombinations of these discriminating 
characters. 

An earlier observation of collections from the Jeypore Tract by Oka and Chang 
(1962) suggested that the Indica-Japonica differentiation was a gradual process 
proceeding with domestication. The wild rice which is considered to be the progenitor 
of O. sativa shows no trace of differentiation into such two types as the Indica and 
Japonica (Morishima et al. 1961; Oka and Chang 1962), while there is experimental 
evidence showing the genetic potentiality of wild rice to bring about the two types 
when domesticated (Oka, in preparation). The hypothesis of separate origins as 
suggested by Chou (1948) is attractive, but it is not supported by tangible evidence. 
Japonicas have higher cold tolerance than Indicas and are distributed toward higher 
altitudes and latitudes. Probably, the Indica-Japonica differentiation has taken place 
with dissemination of incipient domesticates from lowland to higher elevation. If rice 
was domesticated at two or more sites as postulated from the hypothesis of diffused 
origins, it would be inferable that the intensity of selection for Indicas and that for 
Japonicas differed according to localities. 

The wild progenitor, the Asian form of O. perennis, generally shows a high F1 
fertility with different cultivars of O. sativa which are intersterile (Hinata and Oka 
1962). Based on high F1 fertilities observed between cultivars from Himalayan region 
and those from other Asian countries, Morinaga (1968) considered that the southeast 
foothill of Himalaya could be the primary center of rice domestication. 

From variation studies in morphology of rice hulls found in old bricks, Watabe 
and ToshiMitsu (1974) considered the homeland of O. sativa to be an elliptic area 
covering Assam to Yunnan. However, as mentioned above, archaeological evidence does 
not seem to support this view; moreover, Assam and Yunnan are isolated by high 
ridges and deep gorges. Nakagahra et al. (1975) pointed out the occurrence of rich 
enzymic variations (esterase) among rice cultivars from the Himalayan region. The 
accumulation and maintenance of variations would be due to dissemination, 
hybridization, and isolation under different ethnological and climatic conditions. Most 
probably, varietal diversity and within-population heterogeneity are a function of 
long-continued primitiveness in agricultural society; this is an important issue in the 
conservation of genetic resources. But, the site of accumulation of diversity and the site 
of origin of incipient cultivars will be different issues. 

Reviewing literature of different disciplines, T. T. Chang (1976a,b) designated a 
broad area extending over "the foothills of the Himalayas in South Asia and its 
associated mountain ranges in mainland Southeast Asia and southwest China" as the 
place of domestication of O. sativa. There might be probable sites in this area. 
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What are the criteria needed for locating a probable site of crop domestication ? 
An important requisite will be the existence of wild species which could be the 
progenitor genetically. Another requisite will be the presence of archaeological 
evidence indicating domestication in the same area. In addition, there should be 
probable niches for primitive cultivars (cf. Harlan and Zohary 1966). 

The incipient domesticate of rice will be, as discussed already, most probably a 
derivative from an intermediate perennial-annual type of O. perennis. The habitat of 
such intermediate types observed in Thailand was characterised by a water condition, 
retaining deep water in the rainy season and some moisture in the dry season, and by 
a considerable level of disturbance by man (Sano et al. 1980). There can be many such 
habitats in tropical Asia. 

In our trip, we have recognized that, so far as the Himalayan foothills are 
concerned, there is no habitat of wild rice. The Terai is characterized by dense forest, 
gentle slope, acidic soil, and good drainage. In fact, this area had been covered by forest 
until recent clearance (starting some 100 years ago and still going on), and man could 
not live there because of malaria. No wild rice was found there. On the highland of 
Nepal, also, no wild rice was found although rice was grown on terraced fields up to an 
altitude of about 2,000 meters and showed a spectrum of diverse cultivars. On the 
other hand, in marshes bordering the Terai, many populations of wild rice were found. 
A population so far known in the territory of Nepal is that at Nepalganj which is at the 
fringe of the western Terai (Dr. B. B. Shahi, personal communication). It may be 
asserted that the homeland of O. sativa does not exist in Himalayan mountainous 
region including the Terai. 

This assertion does not imply that the site of rice domestication does not exist in 
hilly areas. In northern Thailand, populations of O. perennis were found in valleys 
between hills. They were distributed in marshes with stagnant water or in ditches but 
not along the main stream of rivers. In the Jeypore Tract which is a highland, wild-rice 
populations were found in ponds and depressions. There, Dr. G. C. Rath, agricultural 
officer, suggested to us that the seed of wild rice would be dispersed by running water 
in small streams so that the importance of seed shedding and awn development in seed 
dispersal could be reduced. A similar pattern of distribution was reported in southern 
China by Chen et al. (1979). In Boluo County, Guangzhou (広東省 ), wild-rice 
populations are distributed along three small rivers each running down from a pond on 
the hill; as the ponds are full of wild rice, they might have served as the source of 
distribution. 

Many of the sites of Neolithic culture so far found are located on terraces along 
small rivers. The delta of big rivers was not accessible for the early men. Apparently, 
the hilly area seems to have played an important role in the contact of man with rice. 
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Major archaeological findings so far made tend to be concentrated on arid or 
semi-arid areas. This is possibly because organic matters are rapidly decomposed 
under humid climate, although it is also possible that man had less needs for technical 
development in the humid tropics where hunting-gathering was easy. Archaeological 
remains concerning rice culture are also rich in nothern China and western India. 
However, it is not plausible to consider such arid region as the place of rice 
domestication. All biological evidence indicates that the homeland of O. sativa must be 
in the area between eastern India and southern China. 

At present, it does not seem possible to detect a site or sites of rice domestication 
objectively. For this purpose, at least two lines of research are needed in the future. 
One is more intensive studies of Neolithic cultures in southeast Asia. The other is to 
search for populations of O. perennis which are most likely to be the founders; 
although different varieties are found in this species, only a part of them might have 
contributed to the evolution of cultivated rice. 

As to the genetic research proposed, it should be reminded that O. perennis 
carries much greater enzymic variability than O. sativa and domestication has been a 
diminishing process in enzymic variability (Shahi et al. 1969; Pai et al. 1973, 1975). 
Therefore, if examined with regard to various enzyme species, populations of O. 
perennis having the same genotypes as of O. sativa may be detected. Further, the genic 
systems controlling non-seed shedding, uniform seed germination, and other 
characteristics of domesticates need investigation, even though many wild rice 
populations contain genes of cultivars through introgression. 
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A BRIEF ACCOUNT OF NATURAL ENVIRONMENT IN TROPICAL ASIA 

1. Nepal 

Climate and the life of the people greatly differ according to altitude. Nepal can 
be divided into the Terai lowlands, midland hills, and Himalayan mountains. Monsoon 
brings much rain from June to September, but it is dry in winter. The amount of 
precipitation is large in the eastern part and becomes smaller toward west. 

The Terai lowlands are further divided into four zones occurring in the following 
order from south to north: the Terai plain which is a narrow strip with an average 
width of 32 Km occupying a part of gangetic plain of northern India (outer Terai); 
Bhabar area which is an alluvial fan area lying between outer Terai and the Siwalik 
hills; the Siwalik hills; and narrow valleys called "dun" (inner Terai). Now, about 70 
percent of the Terai is reclaimed and cultivated, leaving only a 3 percent fraction under 
forest. The soils, deposited by rivers, are characterized by the texture of sandy loam to 
sandy clay loam, deficiency of organic matter and nitrogen, and an adequate amount of 
phosphorus. The land slightly slopes and well drains. Average winter temperatures are 
25°-27°C; in April to May, the temperatures sometimes exceed 42°C. 

The midland hill has uneven topography with steep hillsides and deep valleys, 
ranging from about 300 to 2,000 m. About 27 percent of the land is terraced and used 
for cultivation, leaving 58 percent under forest. Valleys have relatively fertile soils with 
a lot of organic matter. On the hillside, terraced fields sometimes rise from the valley 
floor to the top of high ridge. Yet, soil erosion removes fertile soils from a large tract 
during the monsoon. We saw a large land-slide near Banepa, east of Kathmandu. In 
Kathmandu valley with an average altitude of 1,230 m, the average temperatures for 
warm months (April to July) range from 22°C to 30°C, while in the coldest month 
(January) the daytime temperature is about 11°C (cf. Bhatt 1977). 

Climatological data for 1971 to 1975 recorded at three sites with different 
altitudes by the Department of Hydrology (1978) are summarized in Table 12. Annual 
fluctuation of precipitation seems to be greater in the Terai (Parawanipur) than in 
other areas. Annual fluctuation of minimum temperatures in cold months is greater on 
the hill than in the Terai. 
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2. West Bengal and Orissa 

Northeast India is hit by monsoon from south-west in June to October, and enjoys 
the highest precipitation in this country. The Indian Terai is an area composed of 
alluvial fans formed by the rivers from the highlands. As in Nepalian Terai, the soils 
are sandy, acidic, poor in fertility, and well drained. In North Bengal, the Terai area is 
largely reclaimed and cultivated. A part of the land is used for tea plantation. On the 
other hand, the low-lying plains in the basins of the Ganges, Brahmaputra and 
Mahanadi rivers are poorly drained and submerged under varying depths of water in 
the season of flood after monsoon. The soils deposited by flood are generally fertile and 
suited for rice culture. 

The Jeypore Tract is, as mentioned, a hilly area located in the southwestern part 
of Orissa adjoining Madhya Pradish and Andhra. About 70 percent of the land is under 
forest, which is of dry deciduous type and is partly degraded because of slash and burn 
cultivation. The soils are either lateric or sandy at high elevations, but are loamy in 
lowland plain. This area is divided into four districts: Malkangiri (120-240 m), 
Nowrangapur (240-600 m), Koraput (750-900 m), and Rayagada (150-1,500 m). We 
visited Nowrangapur and Koraput districts only. According to Dr. H. S. Rao 
(Similiguda Mixed Farm), annual precipitation at Koraput ranged from 1048 to 1697 
mm during the last decade (Table 12). 

3. Thailand 

The Central Plain spreads over the basin of the Chao Phraya river and its 
branches coming down from the northern mountainous area. A considerable part of the 
plain is innundated by flood, which starts in August-September and lasts until 
December-January. The period of innundation as well as the maximum water depth 
reached in November differ according to the level of land above the river. There is an 
about 4 meter difference in level between the center and margin of the plain, the 
deepest of rice-growing fields being about 6 meters as mentioned. The pattern of 
flooding greatly differs from year to year, as affected by rainfall on the upstream. Fig. 
16 shows annual fluctuation of water level in the canal at Klong Luang (Central Plain) 
during the last decade. The Central Plain may also suffer from drought in the late-dry 
to early-rainy season. Although dams and irrigation systems were constructed, the 
area is too large to be completely controlled. The soils are generally fertile, but acid 
sulfuric soils are distributed in the central part of the Plain. Phosphorus deficiency 
caused by high acidity in the soil is one of the problems of rice culture to be overcome. 
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Fig. 16. Annual fluctuation of water level at the canal in Klong Luang (cm, above the 

sea level). 

 
In general, total precipitation is high in the south and tends to be lower in the 

north. However, its annual fluctuation is significant. The date of advent of rainy 
season and the duration of intermittent drought also differ year after year. For 
instance, according to the records at Klong Luang for 1968 to 1977, the rainy season 
started in April in 1968, 1972 and 1974, in July in 1977, and in May or June in other 
years. Thus, irregular and undependable rhythms of wet and dry seasons result. The 
variability seems to be greater in the south than in the north (Table 12). Statistics of 
temporal variability may be considered as important as spatial mean values although 
no comprehensive data are available for us. 
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Table 12. Some climatological data 

Site (altitude) Annual precipitation Minimum temperature (C) 

Mean (mm) C. V. (%) October December Average 

Nepal              

Parawanipur (100m) 1,552 ± 431 28.4 21.7 ± 0.8 9.2 ± 0.6 18.4 ± 1.0 

Khumaltar (1360m) 1,319 ± 128 9.7 13.4 ± 1.7 2.7 ± 2.4 11.1 ± 1.0 

Thakmarpha (ca. 1500m) 351 ± 55 15.7 6.7 ± 1.0 -0.4 ± 2.2 5.5 ± 1.0 

Orissa, India              

Koraput (800m) 1,416 + 222 15.7          

Bangladesh              

Habiganj (<100m) 2,322 + 454 19.5          

Thailand              

Klong Luang (<100m) 1,394 ± 264 19.0          

Chiengmai (ca. 400m) 1,191 ± 185 15.5          

Chiangrai (ca. 500m) 1,690 ± 225 13.3          

Lampang (ca. 500m) 1,051 ± 139 13.2          

Nan (ca. 300m) 1,295 ± 201 15.5                   

Data source -- Nepal: 1971-75, Dep. of Hydrology, Nepal, 1978; Koraput: 1968-78, from 
Dr. H. S. Rao, Similiguda Mixed Farm, Koraput; Habiganj: 1951-60, Sen 1975; 
Klong Luang: 1968-77, observation by Klong Luang Rice Station; Northern 
Thailand: 1954-63, Agr. Statistics of Thailand, 1963. 
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APPENDIX I.  Rice Genetic Stocks Collected and their Habitats 

Items of Description 

Site Code 

Species/Type Code: Oryza sativa:- I - Indica type; J - Japonica type; I-J - Intermediate 
or mixture (classification based on phenol reaction only). O. perennis:- P - 
Perennial type; A - Annual type; P-A - Intermediate type. 

Acc. No.  W - Wild; C - Cultivated (registered in Nat. Inst. of Genetics) 

1. Date of collection and observation 
2. Latitude, longitude, and distance from a town 
3. Characteristics of the field/habitat and other remarks: D - Disturbance (0 - No 

disturbance, 1 - slightly disturbed, 2 - medium degree, and 3 - heavily disturbed or 
grazed); Cr - Cover by rice (%). 

4. Water condition and depth at the time of observation 
5. Major sympatric plants identified: Cw - Cover by weeds (%, for cultivated field) or 

Ct - Total cover (%) for the habitat of wild rice; Ann - Percent cover by annual 
plants; H = -Σpiln pi : Hw - H for weeds only; Species code No. (see Appendix II) 
given in the order of decreasing dominance. Those in parenthesis were found in 
the surrounding of the rice population. 

6. Status of seed sample: Number of plants sampled is given in parenthesis. Bulk-1 - 
One-plant-one-seed sample; Bulk-2 - Several seeds from one plant; Single plants - 
Seeds separately sampled from different plants. 
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NEPAL 

KT-1 J (Taichung 176) 
1. Oct. 15 
2. 27°40.5'N; 85°23.6'E, 10 km E of Kathmandu (Alt. ca 1,400m) 
3. Dyked field, transplanted, weeded, Cr - 90%. 
4. Rainfed, dry. 
5. Cw - 2%; Ann - 100%; Hw - 1.08.  26, 9, 63. 
6. No sample 

KT-2 I-J (Pokarali-mashino)  C8994; C8995 (off-type) 
1. Oct. 15 
2. 27°39.6'N; 85°27.2E, 18 km E of Kathmandu (Alt. ca 1,500m) 
3. Terraced field, transplanted (15 × 15cm), fine sandy silt.  Cr - 80%. 
4. Rainfed, dry. 
5. Cw - 40%; Ann - 100%; Hw - 1.19.  35, 63, 12, 22, 98, 141. 
6. Bulk-1 (44: C8994), and 1 plant (C8995) 

KT-3 J  C8996; C8997 (off-type) 
1. Oct. 15 
2. 27°37.8'N; 85°31.0'E, Banepa, 26 km E of Kathmandu 
3. Dyded field, transplanted, a mixture of a few different off-types, some neck blast 

(3%). Cr - 90%. 
4. Rainfed, dry. 
5. Cw - 10-70%; Ann - 68-100%; Hw - 0.99-1.09. 91, 63, 24, 12, 35, 55. 
6. Single plants (75; immature) 

KT-4 I  (A): C8998; (B) : C8999; (C): C9000 
1. Oct. 17 
2. 27°39.3'N; 85°12.2'E, Khanikhola, 26 km SW of Kathmandu 
3. Terraced field, transplanted (10-15cm), weeded twice. Cr - 100%. 
4. Irrigated, 3 cm. 
5. Cw - 1%; Ann - 100%; Hw - 0.06. 63, etc. 
6. Bulk-1 (A: 30, B: 16, and C: 25) 
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KT-7 I  (A): C9001; (B): C9002 
1. Oct. 17 
2. 27°36.3'N; 85°11.0'E, Palung Valley, 70 km S of Kathumandu for Birganj (Alt. 

1750m) 
3. Dyked field, transplanted, cold damage and neck blast, Cr - 70%. 
4. Rainfed, dry. 
5. Cw - 60%; Ann - 100%; Hw - 1.23.  26, 24, 63, 9, 95, 12. 
6. Bulk-1 (A: 43, and B: 30) 

KT-8 J  (A): C9003; (B): C9004 
1. Oct. 17 
2. 27°35.2'N; 85°10.7'E, Palung Valley, near Cold Tolerance Expt. Plot. (Alt. 1770m) 
3. Terraced field, transplanted (10 × 10cm), different types in mixture in field A, but 

more uniform in field B. Neck blast (15%). 
4. Rainfed, dry. 
5. No record. 
6. Bulk-1 (A: 46, and B: 56) 

BR-2 I C9005 (off-type) 
1. Oct. 18 
2. 27°03.0N; 85°50.8'E, 4 km NW of Birganj 
3. Dyked field, transplanted. The plants were before heading. An early off-type was 

found, whose seed was sampled. Cr - 30%. 
4. Rainfed, wet. 
5. Cw - 30%; Ann - 100%; Hw - 0.63.  35, 122, 26. 
6. One single plant 

BR-5 I  C9006 
1. Oct. 18 
2. 27°02.2'N; 84°53.1'E, 2 km E of Birganj 
3. Dyked field, transplanted, fine sand. Cr - 60%. 
4. Rainfed, dry. 
5. Cw - 30%, Ann - 46%, Hw - 0.77.  34, etc. 
6. Bulk-1 (67)
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BR-6 I (Laximi)  C9007 
1. Oct. 19 
2. 27°27.8'N; 84°47.6'E, Lant, 20 km W of Hitaura 
3. Dyked field, transplanted, (25cm). Laximi is a newly released variety. Some 

Helminthosporium spots.  Cr - 40%. 
4. Rainfed, dry. 
5. Cw - 60%, Ann - 37%, Hw - 1.19. 34, 114, 79, 115, 76. 
6. Bulk-1 (63) 

BR-7 I (A, local)  C9008;  J (B, Masuli)  C9009 
1. Oct. 19 
2. 27°30.1'N; 84°47.6'E, Bairani, 25 km W of Hitaura 
3. Dyked field, transplanted (A-18cm, B-20cm). Cr - 80% (A), 70% (B). 
4. Rainfed, dry. 
5. (A) Cw - 3%, Ann - ca.100%, Hw - 1.04.  35, 114, etc. 

(B) Cw - 20%, Ann - ca.100%, Hw - 0.18.  35, 76, 91, 114. 
6. (A) Bulk-1 (35);  (B) 1 single plant 

PK-1 I (A. Archal Bot) C9010;  (B) C9011 
1. Oct. 21 
2. 28°12.7'N; 83°58.2E, 5 km SW of Pokhara 
3. Terraced field, transplanted, sandy silt, some neck blast and stem borers. Cr - 

60%. 
4. Rainfed, dry. 
5. Cw - 20%, Ann - 34%, Hw - 1.19. 34, 25, 141, 146. 
6. Bulk-1 (A 40; B 29) 

PK-2 I-J (Mansara + Gurara)  C9012 
1. Oct. 21 
2. 28°10.9'N; 83°55.4'E, 7 km SW of Pokhara 
3. Terraced field, transplanted, weeded once, no fertilizer (?). Planted in early July, 

harvest in November. Lodged and shattered. Two types, brown hull (Mansara) and 
yellow hull (Gurara) in mixture. Cr - 40%. 

4. Rainfed, dry. 
5. Cw - 40%, Ann - 80%, Hw - 1.69.  34, 26, 115, 96, 113. 
6. Bulk-1 (50)
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PK-4 I (local)  (A): C9013; (B): C9014 
1. Oct. 21 
2. 28°08.2'N; 83°53.3'E, Pambdi Bhumadi, 15 km W of Pokhara 
3. Terraced field, trasplanted, sandy soil, Cr - 40%. Chianan 242 gives a good yield in 

this area (45 kg/ha N applied). 
4. Rainfed, dry. 
5. Cw - 60%, Ann - 47%, Hw - 1.78.  35, 34, 141, 9, 48, 115, 76, 22, 43, 65. 
6. Single plants (A: 27, and B: 1) 

PK-5 I-J C9015 
1. Oct. 21 
2. 28°10.9'N; 84°01.5'E, 5 km NE of Pokhara 
3. Dyked field, transplanted, silt, some stem borers. Cr - 50%. 
4. Irrigated, but damaged by flood. Dry. 
5. Cw - 4-15%, Ann - ca.100%, Hw - 1.00-1.84.  22, 24, 26, 25, 35, 91, 65, 98, 110. 
6. Bulk-1 (30) 

Pk-6 J (A, Masuli)  C9016;  I (B, local)  C9017 
1. Oct. 21 
2. 28°09.5'N; 84°02.5'E, 10 km NE of Pokhara 
3. Dyked field, transplanted, sandy loam. Cr - 60% (A), 80% (B) 
4. Rainfed, dry. 
5. (A) Cw - 35%, Ann - 59%, Hw - 1.26.  65, 76, 35, 25, 110, 55. 

(B) Cw - 16%, Ann - 52%, Hw - 1.40.  65, 35, 76, 141, 114, 110, 128, 25. 
6. Bulk-1 (A 75; B 90) 

KK-1 I C9018 
1. Oct. 23 
2. 27°47.9'N; 85°20.9'E, Bhansar, 16 km NW of Kathmandu 
3. Terraced field, transplanted, fine sandy silt, some neck blast. Cr - 60%. 
4. Rainfed, dry. 
5. Cw - 25%, Ann - 69%, Hw - 1.52.  114, 34, 65, 123, 128, 7. 
6. Bulk-1 (55) 
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KK-3 J C9019 
1. Oct. 23 
2. 27°50.2'N; 85°18.0'E, 53 km NW of Kathmandu 
3. Terraced field on a steep slope, beside a stream, transplanted (14cm), sandy 100 m.  

Cr - 80%. 
4. Irrigated, 5 cm. 
5. Cw- 25%, Ann - ca.l00%, Hw - 0.93.  5 spp. unidentified. 
6. Bulk-1 (65) 

KK-4 J-I  (A) C9020;  (B) C9021 
1. Oct. 23 
2. 27°55.0'N; 85°10.3'E, 5 km SE of Trisuli Bazar 
3. Terraced field, transplanted (14cm), Coarse sand. Two types in mixture. Cr - 60%. 
4. Rainfed, dry. 
5. Cw - 30%, Ann - ca.100%, Hw - 0.27.  34, etc. 
6. Bulk-1 (A: 37, and B: 24) 
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NORTH BENGAL 

SR-1 I C9022 
1. Oct. 28 
2. 26°44.8'N; 88°24.0'E, 1 km E of Hotel Sinclair at Siliguri 
3. Dyked field, transplanted (20cm), some neck blast and stem borers. Cr - 40% In 

this area, rice fields differ in water condition from one to another. 
4. Rainfed (?), wet. 
5. Cw - 70%, Ann - 100%, Hw - 1.53.  119, 80, 114, 34, 35, 91, 37. 
6. Bulk-1 (43) 

JR-1 (B) P W1665 
1. Oct. 29 
2. 26°33.5'N; 88°44'E, 40 km SE of Siliguri 
3. Roadside marsh, fine sandy silt. A large depression densely covered by wild rice, at 

flowering. Some grazing. A part of the swamp planted to sativa.  D - 1, Cr - 65% 
(A), 30% (B). 

4. (A) 0-150 cm; (B) 80 cm. Plants showed floating habit. 
5. (A) Ct - 100%, Ann - 12%, H - 0.52.  75, 65. (8, 1, 122, 35, 69, 108.) 

(B) Ct - 80%, Ann - 54%, H - 0.63.  74, 129. 
6. Bulk (immature seeds only) 

JR-2 I-J + P  C9023 
1. Oct. 29 
2. 26°34'N; 88°47.4'E, 50 km SE of Siliguri, near Jalpaiguri 
3. Roadside marsh, partly planted to rice. Transplanted (10-30cm) and partly directly 

seeded (?). A perennis-sativa hybrid swarm showing rich character variations. 
Apparently hybrid plants were about 10 %, and some 5 % plants were dwarf.  D - 
3, Cr - 90%. 

4. 0-1 m (deepwater habitat) 
5. Ct - 90%, Cw - 50%, Ann - 99%, Hw - 1.48.  119, 105, 35, 132, 55, 24, 37. 
6. Bulk-2 (23), and 2 single plants 
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JR-3A I-J  C9024;  C9025 (off-type) 
1. Oct. 29 
2. 26°33.8'N; 88°55.9'E, 70 km SE of Siliguri, near Mainaguri 
3. Undulated field, transplanted (10-20cm). Plants were flowering. Cr - 35%. 
4. Rainfed, wet to dry. 
5. Cw - 70%, Ann - 65%, Hw - 1.59.  101, 133, 119, 35, 3. 
6. One single plant (C9024); 8 single plants (C9025) 

JR-3B I-J + P  C9026 
1. Oct. 29 
2. 26°33.8'N; 88°55.9'E, 70 km SE of Siliguri, adjacent to JR-3A 
3. Abandoned field in marsh. A perennis-sativa hybrid swarm in a part. D - 3, Cr - 

90%. 
4. 0-30 cm. 
5. Ct - 95%, Ann - 0%, H - 0.06.  132. 
6. Bulk-2 (12, immature) 

JR-4 P W1666 
1. Oct. 29 
2. 26°33.8'N; 89°03.4'E, 90 km SE of Siliguri, near Dhupgar 
3. Deepwater swamp, Rice was planted for ten years, directly sown along the 

periphery of the swamp. Many wild rice plants occur every year (about 10 
plants/m2). D - 3, Cr - 0-100%. 

4. 30 cm, near a river. 
5. Ct - 70% (periphery) to 100% (center), Ann - 92%, H - 1.53 (peri.) to 0.11 (center).  

103, 27, 38, 92, 119, 103, 75, 80. 
6. Bulk (immature seeds only) 

JR-5 I C9027 
1. Oct. 29 
2. 26°52.5'N; 88°57.9'E, 53 km NE of Siliguri 
3. Dyked field, transplanted, sandy soil. Different types in mixture. Cr - 50. 
4. Rainfed, dry. 
5. Cw - 5%, Ann - ca.100%, Hw - 1.26.  119, 34, 114, etc. 
6. Bulk-1 (48)
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JR-6 I + P C9028 
1. Oct. 29 
2. 26°33.7'N; 88°45.7'E, 50 km E of Siliguri 
3. Margin of a Lowland field. Various types of plants. Wild rice growing as a weed, 

due to mixing in the seed bed. In a sativa field (transplanted in August) near TR-6, 
the wild plants were more than half in deepwater sites (center). Cr - 30%. 

4. 10 cm. 
5. Cw - 30%, Ann - 25%, Hw - 0.57.  132, 114. 
6. Single plants (3), and Bulk-2 (2) 

SR-2 I C9029 
1. Oct. 30 
2. 26°41.4'N; 88°14.1'E, 20 km W of Siliguri 
3. Dyked field, transplanted, blackish silt, partly grazed. Cr - 50%. 
4. Rainfed, wet. 
5. Cw - 15%, ann - 65%, Hw - 1.35.  123, 119, 114, etc. 
6. Bulk-1 (19) 

SR-3 P W1667 
1. Oct. 30 
2. 26°41.8'N; 88°18.1'E, 10 km W of Siliguri 
3. Roadside ditch. The road was constructed about 100 years ago. The plants were 

flowering. D - 2, Cr - 90%. 
4. 0-5 cm. 
5. Ct - 90%, Ann - 50%, H - 0.20.  65, 22. 
6. Bulk-2 (2, immature) 
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ORISSA 

CT-1 P W1671 (=W108) 
1. Oct. 31 
2. 20°29.2'N; 85°57'1E, Campus of CRRI, Cuttack 
3. Fringe of a pond constructed 50 years ago. The perennis populations was observed 

by Oka in 1957; it declined remarkably. Size 2 × 5 m. D - 1, Cr - 5%. 
4. 0-10 cm. 
5. Ct - 100%, Ann - 48%, H - 1.23.  80, 63, 132. 
6. One single plant (immature) 

CT-2 P-A W1672; W1673 
1. Oct. 31 
2. 20°28.6'N; 85°58.8'E, 5 km S of CRRI, Cuttack 
3. Roadside marsh, partly grazed. Some Helminthosporium spots. Size 20 × 40 m. D - 

2, Cr - 10%. 
4. 0-10 cm. 
5. Ct - 80%, Ann - 13%, H - 1.49. 76, 89, 1, 56, 23, etc. 
6. Bulk-2 (7, W1672), and one plant (W1673) 

CT-3 P + I 
1. Oct. 31 
2. 20°28.4'N; 85°59.7'E, 8 km S of CRRI, Cuttack 
3. Roadside ditch, 10 m wide, near rice field where an Aman variety was directly 

seeded. Floating habit. Partly grazed. Various types of plants were observed.  D - 
2, Cr - 50%. 

4. 30-50 cm. 
5. Ct - 70%, Ann - 35%, H - 1.19.    132, 94, etc. (89, 76, 80, 119, 35.) 
6. No seed obtained (flowering) 
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CT-4 P-A W1674; W1675; W1676; W1677; W1678; & W1679 
1. Oct. 31 
2. 20°28.5'N; 86°01.2'E, 10 km S of CRRI, Cuttack 
3. Deepwater field. Wild-rice plants were scattered. W1674 and W1675 - called 

"spontanea", W1679 - called "nivara". The others could be hybrids. D - 3, Cr - 60% 
(Fringe of the field). 

4. 50 cm. 
5. Ct - 70%, Ann - 58%, H - 1.53. 35, 121, 39, 40, 23, 22, 7. 
6. Each strain from a single plant. 

CT-5 A W1680 
1. Oct. 31 
2. 20°28.4'N; 85°59.1'E, 7 km S of CRRI, Cuttack 
3. Roadside ditch, partly grazed, sandy silt. The plants were called "nivara". Size 3 × 

50 m.  D - 2, Cr - 50%. 
4. Wet to dry. 
5. Ct - 70%, ann - 95%, H - 0.94.  35, 76, 89, 80, 65. (100, 39, 20, 37.) 
6. Bulk-1 (47), and Bulk-2 (8) 

JP-1 I C9030 
1. Nov. 2 
2. 18°18'N; 84°01'E, 138 km SW of Gopalpur near Berhampur 
3. Dyked field, directly seeded. Jute was also grown in adjacent fields. Cr - 30%. 
4. Rainfed, dry. 
5. Cw - 40%, Ann - 100%, Hw - 1.10.  35, 25, 136, etc. 
6. Bulk-1 (54) 

JP-2 I C9031 
1. Nov. 2 
2. 18°28.5'N; 83°03'E, 25 km SE of Koraput (Alt. ca.1,000m) 
3. Upland field on a mountain slope, directly seeded. Red clay. Shifting is made in 

this area. Cr - 50%. 
4. Wet; a stream running in the field. 
5. Cw - 12%, Ann - 100%, Hw - 1.49.  135, 65, 134, 1. 
6. Bulk-1 (64)
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JP-3 I C9032 
1. Nov. 2 
2. 18°31'N; 82°56'E, 15 km SE of Koraput (Alt. ca.1,200m) 
3. Terraced field, directly seeded. A black hulled variety. The plants were variable in 

height (80-140 cm). Cr - 80%. 
4. Rainfed, 3 cm. 
5. No weeds. Cw - 0%. 
6. Bulk-1 (46) 

JP-4 P W1668 
1. Nov. 3 
2. 18°51.6'N; 82°46.1'N, Similiguda Mixed Farm near Koraput (Alt. ca.1,000m) 
3. Natural swamp, used as water reservoir by making an embankment since 1967. 

The wild-rice plants showed floating habit. Some were awnless, and some were 
non-shedding. Leaf blast was observed. Size 100 × 20 m. D - 0, Cr - 50%. 

4. 50-100 cm. Water depth might have increased after being embanked. 
5. Ct - 60%, Ann - ca.100%, H - 0.62.  80, etc. (110, 51, 50, 147, 92.) 
6. Single plants (39), and Bulk-2 (39) 

JP-5 I (A) C9033 (Dubraj, scent); (B) C9034; (C) C9035; C9036 (off-type) 
1. Nov. 3 
2. 19°03.8'N; 82°47.0'E, near Koraput 
3. Dyked field, transplanted, brown silt. Damaged by blast disease and cut worms. 

Cr - 80%. 
4. Irrigated, dry. 
5. Cw - 2%. No other records as weeds were few. 
6. Bulk-1 (115) 
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JP-6 P W1669 
1. Nov. 3 
2. 19°07.7'N; 82°44.6'E, between Jeypore and Nowrangpur 
3. Pond (100 m in diameter). Wild rice was found in a 6 m wide zone along the fringe. 

The plants at the shore were flowering while those in a deeper site approached 
maturity. They showed floating habit. D - 0, Cr - 80%. 

4. 70-100 cm. 
5. Ct - 80%, Ann - 49%, H - 0.99.  19, 80, 92. (78, 35, 19, 104.) 
6. Single plants (23) 

JP-7 I-A W1670 
1. Nov. 3 
2. 19°13.0'N; 82°43.8'E, near Nowrangpur 
3. Dyked field, directly seeded in late June. Weedy types of wild rice were scattered 

in the rice field (about 37%). Cr - 40%. 
4. Rainfed, dry. 
5. Cw - 20%, Ann - 72%, Hw - 1.67.  35, 96, 7, 85, 6, etc. 
6. Single plants (19), and Bulk-2 (19) 

JP-8 I-A C9038 
1. Nov. 3 
2. 19°16.2'N; 82°40.0'E, Nowrangpur 
3. Dyked field, directly seeded, sandy silt. The weedy types were scattered and 

frequent along the fringe of the field. D - 3, Cr - 40%. 
4. Rainfed, dry. 
5. Cw - 40%, Ann - 66%, Hw - 1.06.  35, 67, 77, 70, 92, 2. 
6. Single plants (60) 
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BA-1 A W1681 
1. Nov. 4 
2. 20°09'N; 84°45'E, Gilisula, near the southern border of Orissa 
3. Roadside ditch, 3 m wide, along rice fields. A small population (3x10m). 

Helminthosporium spots and some neck blast. D - 2, Cr - 35%. 
4. 20-30 cm. 
5. Ct - 35%, Ann - 95%, H - 0.61. Unidentified 2 species. (35, 80, 76, 37, 66, 86.) 
6. Single plants (19) 

BA-2 P W1682 
1. Nov. 4 
2. 20°10'N; 84°47'E, 1 km E of BA-1 
3. Roadside ditch, clay silt, population size 3 × 20 m. The plants showed floating 

habit. D - 2, Cr - 60%. 
4. 20-30 cm. 
5. Ct - 60%, Ann - 100%(?), H - 0.75.  18, 87. 
6. Single plants (12) 

BA-3 P W1683 
1. Nov. 4 
2. 20°10'N; 84°48'E, near Berhampur 
3. Pond (about 100 m in diameter). Wild rice was found along the shore making a 1.5 

m wide zone. The plants were not grazed much although other plants on the shore 
were grazed. D - 1, Cr - 55%. 

4. More than 60 cm. 
5. Ct - 60%, Ann - 22%, H - 0.06. 117.  (70, 35, 49, 76.) 
6. Bulk-2 (17) 
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BH-1 I+P W1684 
1. Nov. 5 
2. 20°13.5'N; 85°46.8'E, 3 km S of Bhubaneswar (toward "Japanese temple") 
3. Marshy field, directly seeded. A mixture of wild and cultivated plants was found 

along the fringe of the field. The cultivated plants were flowering while the wild 
plants approached maturity. Wild plants were also found in the central part of the 
field. Cr - 80%. 

4. More than 20 cm. 
5. No record. 
6. Single plants (24) 

BH-2 (A) A W1685; (B) P+A W1686 
1. Nov. 5 
2. 20°13.6'N; 85°46.7'E, 3 km S of Bhubaneswar, near BH-1 
3. Roadside swamp, sectioned into two parts (A and B) by a dyke. An annual 

population, 10 × 30 m, in part A; a few sativa plants were scattered along the 
fringe. In part B (30 × 30 m), the fringe of the swamp was occupied by an annual 
wild-rice population, while the central part by a perennial population. Habitat 
segregation was observed between the annual and perennial types. D - 2, Cr - 40% 
(A) to 60% (B). 

4. 0-10 cm; (B) 0-30 cm at the fringe, 40 cm or more in the center. 
5. Ct - 60%, (A) Ann - 54%, H - 1.06. 8, 137, 76, 1, 12. 
  (B) Fringe: Ann-83%, H - 1.18.  104, 12, 65, 8, 4. (30, 8, 110, 97) 
   Center: Ann-24%, H - 0.55. 94, etc. 
6. Single plants (A: 19, and B: 16) 
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WEST BENGAL 

TR-1 A-P W1687 
1. Nov. 6 
2. 23°03.6'N; 88°16.5'E, Taragoone, 10 km NW of Chinsurah 
3. Roadside marsh near rice field, 20 × 30 m in size. D - 2, Cr - 50-90%. 
4. 0-30 cm. 
5. Ct - 90%, Ann - 68%, H - 0.86.  33, 80, 128, 18, 120, 80. 
6. Bulk-2 (8), and Bulk-1 (29) 

TR-2 I (Haranomanik) C9040 
1. Nov. 6 
2. 23°03.6'N; 88°16.5'E, Adjacent to TR-1 
3. Dyked field, transplanted in August. Cr - 80%. 
4. Rainfed, wet. 
5. Cw - 10%, Ann - ca.100%, Hw - 0.71.  41, 45, etc. 
6. Bulk-1 (56) 
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NORTH THAILAND 

CM-1 P W1689 
1. Nov. 9 
2. 18°46.1'N; 98°58.8'E, 100 m W of Chiengmai road-junction for Sampatoon 
3. Roadside ditch, 4 m wide. D - 2, Cr - 80%. 
4. 60-100 cm. 
5. Ct - 90%, Ann - 35%, H - 0.58.  110, 18, 28. 
6. Single plants (2, immature) 

CM-2 I+P C9041 
1. Nov. 9 
2. 18°45.5'N; 98°58.6'E, 1 km W of Chiengmai road-junction for Sampatoon 
3. Dyked field, transplanted. Cr - 90%. In a ditch along the field, a perennis 

population (Cr - 60%, D - 2, 30 cm deep) was at the stage of flowering. 
4. Irrigated, 5 cm. 
5. For perennis population. Ct - 80%, Ann - 0%, H - 0.28.  18, etc. 
6. Bulk-1 (24, sativa) 

CM-3 I (Banpong) C9042 
1. Nov. 10 
2. 18°40.9'N; 98°49.3'E, about 15 km W of Chiengmai for Samoeng (Alt. ca.500m) 
3. Dyked field, transplanted (25 × 30 cm). Cr - 100%. 
4. Rainfed, dry. 
5. No record as weeds were few. 76. 
6. Bulk-1 (68) 

CM-4 I C9043 
1. Nov. 10 
2. 18°42.3'N; 98°48.7'E, Mae ha, 20 km W of Chiengmai for Samoeng (Alt. ca.600m) 
3. Upland field on a slope, dibbled. Lateritic red loam. Harvested. 
4. Dry 
5. Cw - 30%, Ann - 92%, Hw - 0.69. 16, 145, 46. 
6. Bulk-1 (137) 
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CM-5 I (A) C9044; (B) C9045 
1. Nov. 10 
2. 18°43.6'N; 98°47.3'E, about 30 km W of Chiengmai, near Samoeng (Alt. ca.600m) 
3. Dyked field, transplanted (20 × 30 cm). Red clay. Cr - 90%. 
4. Rainfed, dry 
5. Cw - 1%, Ann - ca.100%, Hw - 0.54.  65, 119 
6. Bulk-1 (A: 31, and B: 2) 

CM-6A P W1689 
1. Nov. 11 
2. 18°47.4'N; 99°03.7'E, 3 km E of Chiengmai for Samkumphaeng 
3. Roadside ditch, 2 m wide, near rice field. D - 2, Cr - 50%. 
4. 10-15 cm. 
5. Ct - 70%, Ann - 0%, H - 0.74.  87, 42. (7, 80, 87.) 
6. Bulk-2 (42), and 2 single plants 

CM-6B I C9046 
1. Nov. 11 
2. 18°47.4'N; 99°03.7'E, rice field beside CM-6A 
3. Dyked field, transplanted. 
4. Irrigated. 
5. No record. 
6. Bulk-1 (24) 

CM-7 I C9047 
1. Nov. 11 
2. 18°58.6'N; 99°15.3'E, 36 km NE of Chiengmai for Chiangrai 
3. Dyked field, transplanted (25 × 30 cm). Sandy silt. Cr - 80%. 
4. Irrigated, 2 cm. 
5. Cw - 20%, Ann - 98%, Hw - 0.34.  32, 114, 120, 22. 
6. Bulk-1 (66) 
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CM-8 I-J C9048 
1. Nov. 11 
2. 19°05.7'N; 99°26.8'E, 64 km NE of Chiengmai for Chiangrai, in a demonstration 

farm 
3. Upland field, dibbled (30 - 35 cm). Harvested. 
4. Dry. 
5. Cw - 30%, Ann - ca.100%, Hw - 0.81.  17, 110, 11, etc. 
6. Bulk-1 (39) 

CM-9 I C9049 
1. Nov. 11 
2. 19°07.1'N; 99°28.6'E, 69 km NE of Chiengmai for Chiangrai 
3. Dyked field, transplanted (25 × 35 cm). Neck blast (5%). Cr - 90%. 
4. Rainfed, dry. 
5. Cw - 3%, Ann - ca.100%, Hw - 0.50. 120, 127, 82. 
6. Bulk-1 (36) 

CM-10 I C9050 
1. Nov. 11 
2. 19°10.9'N; 99°30.3'E, 76 km NE of Chiengmai for Chiangrai 
3. Upland field, on a slope, dibbled (25 × 30 cm). Harvested. 
4. Dry. 
5. Cw - 25%, Ann - ca.100%, Hw - 0.57.  16, 110, etc. 
6. Bulk-1 (68) 

CM-11A A W1690 
1. Nov. 11 
2. 19°40.9'N; 99°34.2'E, 137 km NE of Chiengmai about 40 km to Chiangrai 
3. Swamp between road and rice field, 5 × 20 m. D - 2, Cr - 25. 
4. 30-40 cm. 
5. Ct - 35%, Ann - 0%, H - 0.17.  76, etc. 
6. Bulk-2 (16) 
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CM-11B & C I (B) C9051; (C) C9052 
1. Nov. 11 
2. 19°40.9'N; 99°34.2'E, beside CM-11A 
3. (B) Dyked field, transplanted (25 × 25 cm). Cr - 90%. (C) Upland field, dibbled. 

Harvested. 
4. (B) 20 cm; (C) Dry. 
5. No record. 
6. Bulk-1 (B: 26, and C: 18) 

CR-1 P W1691 
1. Nov. 12 
2. 19°47.0'N; 99°44.7'E, Ban Pako Dan, 16 km S of Chiangrai for Phan 
3. Roadside ditch, 6 m wide. Brown sandy soil, heavily grazed. Plants floating. D - 2, 

Cr - 20%. 
4. 10-30 cm. 
5. Ct - 50%, Ann - 32%, H - 1.17.  131, 94, 53, 80. 
6. Bulk-1 (24) 

CR-2 P W1692 
1. Nov. 12 
2. 19°44.1'N; 99°43.5'E, 20 km S of Chiangrai for Phan 
3. Roadside swamp, 12 m wide. Greyish clay. Plants floating. D - 2, Cr - 30%. 
4. 50 cm. 
5. Ct - 80%, Ann - 4%, H - 1.17.  31, 80, 28, 42. 
6. Bulk-2 (19) 
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CR-3 (A) J-I C9053; (B) I C9054 
1. Nov. 12 
2. 19°39.8'N; 99°44.1'E, about 30 km S of Chiangrai for Phan 
3. (A) Upland field on a hill slope, dibbled (30 × 35 cm), harvested. 

(B) Dyked field, transplanted. Mixture of short and long grains. 
       Greyish silt. Cr - 30%. 
4. (A) Dry; (B) Rainfed, dry. 
5. (A) Cw - 25%, Ann - 80%, Hw - 1.48.  9, 14, 142, etc. 

(B) Cw - 20%, Ann - ca.100%, Hw - 1.52.  35, 24, 71, 114, 29, 8, 112. 
6. Bulk-1 (A: 25, and B: 39) 

CR-4 P W1693 
1. Nov. 12 
2. 19°31.6'N; 99°44.7'E, 2 km S of Phan Rice Expt. Station 
3. Roadside ditch, 2 m wide, near rice field. Population 1.5 × 20 m. D - 2 Cr - 25%. 
4. 50-70 cm (water running) 
5. Ct - 65%, Ann - 73%, H - 1.36.  18, 64, 129, 94, etc. 
6. One plant 

CR-5 I 
1. Nov. 12 
2. 19°18.9'N; 99°51.3'E, 20 km S of Phan Rice Expt. Station 
3. Dyked field, transplanted (25 × 25 cm), severe drought damage. Cr - 90%. 
4. Rainfed, dry. 
5. Cw - 10%, Ann - ca.100%, Hw - 1.51.  114, 21, 35, 12, 76, 123. 
6. No seed because of drought 

CR-6 P W1550 (Previous sample) 
1. Nov. 12 
2. 19°33.0'N; 99°44.7'E, front of Phan Rice Expt. Station 
3. Roadside depression, heavily grazed. Population 5 × 10 m. D - 2, Cr - 80%. This 

site was observed by Oka in June 1976 and recorded as site P. 
4. Dry. 
5. Ct - 90%, Ann - 69%, H - 0.85.  129, 119, 123, 76. 
6. No seed because of being grazed
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CR-7 A (A) W1694; (B) W1695; (C) W1696 
1. Nov. 13 
2. 19°45.0'N; 99°44.3'E, about 15 km S of Chiangrai, 100 m N of the junction of 

Chiengmai road. 
3. Roadside ditch, 4 × 150 m, between road and rice field, partly grazed, grey silt. D - 

2, Cr - 30-60%. (A) Red awn; (B) White awn; (C) Red awn. 
4. 0-10 cm. 
5. Ct - 50-80%, Ann - 94%, H - 0.79-1.23.  62, 132, 81, 47, 118, 80, 110. 
6. Single plants (A: 10; B: 12; and C: 16) 

CR-7D I C9055 
1. Nov. 13 
2. 19°45.0'N; 99°44.3'E, rice field beside CR-7 
3. Dyked field, transplanted (25 × 30 cm). Cr - 100%. Just harvesting. 
4. Irrigated (?), dry. 
5. No weed. 
6. Single plants (4) 

CR-8 P W1697 
1. Nov. 13 
2. 19°45.1'N; 99°44.4'E, 100 m N of CR-7 
3. Roadside swamp, population 10 × 50 m. Floating. D - 1, Cr - 90%. 
4. 30-100 cm. 
5. Ct - 90%, Ann - 31%, H - 0.14,  18, 118. (75.) 
6. Single plants (14) 
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CENTRAL PLAIN OF THAILAND 

A (P) W1560 (Previous sample) 
1. Nov. 13 
2. 14°03.2N; 100°37'E, 1 km S of Klong luang Rice Expt. Station 
3. Lowland between road and rice field, 5 m wide. No perennis plant was found, 

although a small population was observed in 1976 and 1977 (Cr - 30%) 
4. 0-20 cm. 
5. Ct - 90%, Ann - ca.0%, H - 1.49.  28, 87, 58, etc. 
6. No seed 

B A W1698 (Previous samples - W1546; W1547; W1551) 
1. Nov. 14 
2. 14°33.8'N; 100°58.6'E, 7 km E of Saraburi 
3. Lowland between road and rice field, 18 m wide. The annual population declined 

as compared with that observed in 1977. D - 2, Cr - 2-25%. 
4. Dry. 
5. Ct - 50-80%, Ann - 51%, H - 1.60.  96, 30, 18, 35, 42, etc. (124, 59, 80.) 
6. Single plants (13) 

B(B) I C9056 
1. Nov. 14 
2. 14°33.8'N; 100°58.6'E, rice field beside site B 
3. Dyked field, transplanted. Damaged by flood. Cr - 7%. 
4. Rainfed, dry. 
5. Cw - 7%, Ann - ca.100%, Hw - 1.25.  35, 115, 7, 96, etc. 
6. Bulk-1 (20) 
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SB A (A) W1699; (B)W1700 
1. Nov. 14 
2. 14°29.9'N; 100°55.3'E, 5 km W of Saraburi 
3. Roadside ditch and on an eroded slope of rice-field dyke. Mixture of plants with red 

and white awns. Some hybrid plants. A and B were 20 m apart each other. D - 2, Cr 
- 15-20%. 

4. Dry. 
5. Ct - 40-70%, Ann - 98%, H - 0.80-0.52.  87, 37, 35, 94, 18. 
6. (A) Single plants (17); (B) One plant and Bulk-2 (15) 

C P-A W1552 (Previous sample) 
1. Nov. 14 
2. 14°19.4'N; 100°37.2'E, about 1 km S of road junction for Ayutthaya and for Huntra 

Rice Expt. Station 
3. Fringe of deepwater field and along a canal in the field, perennis plants growing in 

mixture with floating rice. Population 10 × 30 m and scattered plants (5%). D - 3, 
Cr - 5-70%. The plants were flowering. 

4. 70-100 cm. 
5. Ct - 90%, Ann - 16%, H - 0.57.  93, 65, 18, 114. 
6. No seed 

AY P W1701 
1. Nov. 14 
2. 14°05.9;N; 100°37.4'E, about 20 km N of Klong Luang for Ayutthaya 
3. Roadside swamp, population 15 × 50 m. D - 2, Cr - 5-100%. Flowering. 
4. 0-50 cm. 
5. Ct - 100%, Ann - 3%, H - 1.45.  94, 28, 18, 103, 138. 
6. One single plant (immature) 
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Appendix II. WEED SPECIES IDENTIFIED 

Latin name Life 
span 

Site of collection 

Amaranthaceae   

1 Alternanthera sessilis (L.) R. Br. A JR-1A, CT-2, JP-2, BH-2A 

2 Celosia argentea L. A JP-8 

Araceae   

3 Colocasia sp. P JR-3A, CT-3 

4 Pistia stratiotes L. A BH-2B 

Caryophyllaceae   

5 Arenaria serpyllifolia L. A KT-6, KK-1, KK-2 

Ceratophyllaceae   

6 Ceratopteris thalictroides Brongn. A JP-7 

Commelinaceae   

7 Commelina sp.  KK-1, JP-7, B', CT-4, CM-6A 

8 Cyanotis axillaris (L.) D. Don. A BH-2A, BH-2B, JR-1A, CM-6A, CR-3B 

Compositae   

9 Ageratum conyzoides L. A KT-1, KT-4D, KT-5, KT-6, KT-7, PK-3, 
PK-4, KK-1, CR-3A 

10 Anaphalis contorta (D. Don) Houk f. A KK-2 

11 Bidens sp. A CM-8 

12 Eclipta alba Hassk. A BH-2A, BH-2B, KT-2, KT-3, KT-7, CR-5 

13 Eupatorium adenophorum subsp. 
reng. 

 KK-1 

14 Eupatorium odoratum A CR-3A 

15 Galinsoga ciliata (Raf.) Blake A KT-6 

16 Spilanthes acmella (L.) A CM-4, CM-10 

17 Tridax procumbens L. A CM-8 

Convolvulaceae   

18 Ipomoea aquatica Forsk. P AY-1, BA-2, TR-1, CM-1, CM-2A, CR-4, 
CR-8, B, SB-1, C 

19 Ipomoea carnea Jacq. P JP-6 

Cyperaceae   

20 Cyperus brevifolius Hassk. P CT-5 

21 Cyperus compactus A CR-5 

22 Cyperus difformis L. A SR-3, CT-4, PK-4, PK-5B, KK-1, CM-7, 
KT-2, BR-4 

23 Cyperus esculentus L. P CT-2, CT-4 
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24 Cyperus globosus Allioni P KK-1, JR-2, KT-3, KT-6, KT-7, BR-3, 
PK-5, PK-5B,CR-3B 

25 Cyperus haspan L. P PK-1, PK-5B, PK-6A, PK-6B, JP-1 

26 Cyperus iria L. A PK-2, PK-5B, JP-8, KT-1, KT-7, BR-2, 
BR-4, KK-1 

27 Cyperus pilosus Vahl A JR-4 

28 Cyperus procerus Rottb. P CM-1, CR-2, AY-1, A 

29 Cyperus pulcherrimus willd ex Kunth A CR-3B 

30 Cyperus rotundus L. P JP-8, BH-2B, B 

31 Eleocharis dulcis (Burm. f.) P CR-2 

32 Eleocharis (=Limnocharis) Flava (L.) 
Buchen 

A CM-7 

33 Eleocharis plantaginea R. Br. P TR-1 

34 Eleocharis sp. P BR-4, BR-5, BR-6, PK-1, PK-2, PK-4, 
KK-1, KK-4A, SR-1, JR-5 

35 Fimbristylis miliacea A JR-1, JR-2, CT-3, CT-4, JP-6, BA-1, B, 
SB-1, KT-2, BR-2, PK-5B, SR-1 

36 Fimbristylis ovata  BR-4 

37 Fimbristylis schoenoides (Retz.) Vahl. A JR-2, CT-5, BA-1, SB-1, SR-1 

38 Fimbristylis umbellaris (Lam.) Vahl. A JR-4 

39 Pycreus polystachyos (Rottb.) Beauv. A CT-4, CT-5 

40 Pycreus stramineus (Nees) Clarke P CT-4 

41 Scirpus articulatus L. A TR-2 

42 Scirpus grossus L. f. P CR-2, CM-6A, B 

43 Scirpus juncoides Roxb. A BR-4, PK-4 

44 Scirpus sp.  BR-4 

45 Scirpus supinus L. P TR-2 

Dioscoreaceae   

46 Dioscorea sp. P CM-4 

Equisetaceae   

47 Equisetum sp. P CR-7, BR-3 

Euphorbiaceae   

48 Phyllanthus niruri L. P PK-4 

Gramineae   

49 Andropogon annulatus Forsk.  BA-3 

50 Andropogon caricosus L.  JP-4 

51 Arthraxon microphyllus Hochst. A JP-4 

52 Bothriochloa pertusa (L.) A. Cam.  PK-2 

53 Brachiaria mutica (Forsk.) Stapf. P CR-1 

54 Brachiaria reptans P CM-5 

55 Briza sp.  JR-2, KT-3, PK-2, PK-6A 



 

 
- 469 - 

56 Cynodon dactylon P CT-2 

57 Cyrtocoecum accrescens (Trin.) Stapf.  CR-3A 

58 Chrysopogon aciculatus (Retz.) Trin.  BR-3, BR-4, A 

59 Dichanthium annulatum Forsk. A B 

60 Digitaria adscendens (H. B. K.) Henr.  PK-3 

61 Digitaria setigera Roth. A KT-6 

62 Digitaria sp.  CR-7, BR-8, KK-1 

63 Echinochloa crus-galli L. A CT-1, KT-1, KT-2, KT-3, KT-4A, KT-7, 
BR-3 

64 Echinochloa picta P CR-4 

65 Echinochloa sp.  JR-1A, SR-3, CT-5, C, BH-2B, BR-4, 
PK-4, PK-5B, PK-6A, PK-6B, KK-1, JP-2, 
CM-5 

66 Eleusine indica Gaerther A BA-1 

67 Elytrophorus articulatus Beauv. A JP-8 

68 Eragrostis cilianensis (All.) Vignolo 
Lulati 

A BR-1 

69 Eragrostis gangetica (Roxb.) Steud. P JR-1A 

70 Eragrostis interrupta Beauv. P BA-3, JP-8 

71 Eragrostis tenella (L.) Beauv. A CR-3B 

72 Eularia trispicata (Schuff) Henr  KK-2 

73 Eragrostis uniloides (Retz.) Nees ex 
Steud 

 KT-3 

74 Hygrorhisza aristata (Retz.) Wt. & 
Arn. 

P JR-1B 

75 Hymenachne pseudointerupta C. 
Muell 

P JR-1A, JR-4, CR-8 

76 Imperata cylindrica Beauv. P CT-2, CT-3, CT-5, BA-1, BA-3, CM-11, 
CR-5, CR-6, BH-2A, BR-3, BR-4, BR-6, 
BR-7B, BR-8, PK-4, PK-6A, PK-6B 

77 Isachne miliacea Roth. P JP-8 

78 Ischaemum hirtum Halk. A JP-6 

79 Ischaemum rugosum Salisb.  BR-6 

80 Leersia hexandra Sw. A CT-1, CT-3, CT-5, B, JR-4, JP-4, JP-6, 
BA-1, SR-1, TR-1, CM-6A, CR-1, CR-2, 
CR-7 

81 Leptochloa panicea L. A CR-7 

82 Mariseus cyperoides (Roxb.) A. Wietr.  CM-9 

83 Microstegium ciliatum (Trin.) A. 
Camus 

 KK-1 

84 Microstegium petiolare (Trin.) Bor.  KK-2 

85 Panicum cambogianse Balsana A BR-4, JP-7, CR-3A 

86 Panicum flavidum Retz.  BA-1 

87 Panicum repens L. P BA-2, CM-6A, SB-1, A 
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88 Panicum sp.  BR-3 

89 Paspalidium geminatum (Forsk.) 
Stapf. 

P CR-2, CT-3, CT-5 

90 Paspalidium punctatum (Brum.) A. 
Camus 

 BR-3 

91 Paspalum distichum L. P KT-3, BR-4, BR-7B, PK-5B, SR-1 

92 Paspalum scarbiculatum L. P JR-4, JP-6, JP-8 

93 Paspalum vaginatum Swartz P-A C 

94 Phleum sp.  CT-3, BR-3, BH-2B, CR-1, CR-4, SB-1 

95 Polypogon fugax Nees ex Steud. A KT-7 

96 Rottboellia exaltata L.  B, B', PK-2, JP-7 

97 Sacciolepis indica A BH-2B 

98 Setaria sp.  KT-2, KT-6, BR-8, PK-5, KK-1 

99 Sporobolus diander (Retz.) Beauv.  PK-3 

100 Sporobolus fertilis (Steud.) Clayton P CT-5 

Hydrophyllaceae   

101 Hydrolea zeylanica (L.) Vahl. P SR-1, JR-3A 

Labiatae   

102 Micromeria biflora Benth.  KK-2 

Leguminosae   

103 Aeschynomene americana L.  JR-4, AY-1 

104 Aeschynomene aspera L. P JP-6, BH-2B 

105 Aeschynomene indica L. A JR-2, KK-1 

106 Cassia tora L. A CT-2 

107 Crotalaria humifusa  KK-1, KK-2 

108 Desmodium microphyllum (Thunb.) 
DC. 

P JR-1A 

109 Desmodium triflorum DC. A CT-4 

110 Mimosa sp. P CR-7, PK-5, PK-6A, PK-6B, CM-1, CM-8, 
CM-10, JP-4, BH-2B 

111 Zornia gibbosa Span.  PK-3 

Liliaceae   

112 Hosta sp. P CR-3B 

Lythraceae   

113 Ammannia accifera L.  PK-2 

114 Rotala indica Koehne A CR-3B, CR-5, CM-7, SR-1, SR-2, KK-1, 
JR-5, JR-6, BR-4, BR-6, BR-7A, BR-7B, 
PK-6B 

115 Rotala leptopetala Koehne A BR-4, BR-6, PK-2, PK-4, B' 

Morsileaceae   
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116 Marsilea sp.  BR-4 

Nymphaeaceae   

117 Nelumbo nucifera Gaertn. P BA-3 

Oenotheraceae   

118 Jussiaea linifolia Valh. A CR-7, CR-8 

119 Jussiaea prostrata A JR-2, JR-3A, JR-4, JR-5, CM-5, CT-3, 
JP-8, CR-6, SR-1, SR-2 

120 Jussiaea repens L. A CM-7, CM-9, TR-1 

121 Ludwigia adscendens (L.) Hara P CT-4 

122 Ludwigia perennis L. P JR-1A, BR-2 

Oxalidaceae   

123 Oxalis sp.  SR-2, CR-5, CR-6, KK-1, KK-2 

Passifloraceae   

124 Passiflora foetida L. A B 

Polygonaceae   

125 Bergia ammanioides (L.) DC. Roxb. A CR-4 

126 Persicaria capitata  KK-1 

127 Polygonum aviculare L. A CM-9 

128 Polygonum flaccidum Meisn. A TR-1, KK-1, PK-6B 

129 Polygonum hydropiper L. A JR-1B, CR-4, CR-6 

130 Polygonum minus Huds.  CM-9 

131 Polygonum tomentosum (Big) P CR-1 

Pontederiaceae   

132 Eichhornia crassipes Solms-Laub. P JR-2, JR-3, JR-6, CT-1, CT-3, CR-7 

133 Monochoria hastata (L.) Solms. P BR-3, JR-3A 

134 Monochoria vaginalis Presl A JP-2 

Portulaceaceae   

135 Portulaca oleracea L. A JP-2 

Rubiaceae   

136 Oldenlandia corymbosa L. A JP-1 

137 Oldenlandia gracilis D. C. A BH-2A 

Scrophulariaceae   

138 Bacopa monnceri L. A AY-1 

139 Limnophila heterophylla (Roxb.) 
Benth. 

 JR-1 

140 Lindernia crustacea Don. A JP-7 

141 Vandellia anagallis (Brum.) Yamazaki A KT-2, PK-1, PK-4, PK-6B 

142 Veronica cinera (L.) Less. A CR-3A 
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Tiliaceae   

143 Corchorus acutangulus P BR-8 

144 Corchorus olitorius L. A C 

145 Triumfetta rhomboidea Jaeq.  CM-4 

Umbelliferae   

146 Centella asiatica L. P PK-1 

Verbenaceae   

147 Lantana camara L. P JP-4 
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Abstract of Diary 

Oct. 12 Lv. Misima for Kyoto (51st Meeting of the Genetic Society of 
Japan; Symp. on the origin of cultivated plants, presentation by 
Oka). Visit: Prof. H. Yamagata, Mr. Y. Sato, Dr. H. Tabata, and Dr. 
S. Sakamoto. Lodge: Kyodai-kaikan. 

 13 Osaka - (Taipei-Hongkong) - Bangkok (TG611). Met by Mr. 
Nopporn Supapoj, Rice Division, Thailand. Lodge: Nana Hotel. 

 14(Sun) Visited by Mr. Nopporn Supapoj and Miss Santanee Thamsuriya. 
RA402 for Kathmandu cancelled. Lodge: Golden Dragon Hotel 
(arranged by Royal Nepal Airlines). 

 15 Bangkok - Kathmandu (RA402). Met by Dr. & Mrs. B. B. Shahi 
and Mrs. Y. Ohkawara. Lodge: Hotel Shangri La. Excursion: 
Eastern suburbs of Kathmandu by taxi in the afternoon (27 km). 

  Obs. sites: KT-1, KT-2, & KT-3. 
 16 Excursion: Kathmandu City and Kasthamandap temple in the 

morning with Dr. B. B. Shahi. Visit: Agric. Botany Division, 
Khumaltar, Lalitpur (Mrs. Kamalesh L. Rajbhandary), Trihuvan 
University (Library), and Swayambhu Nath temple in the 
afternoon, with Dr. B. B. Shahi. 

 17 Kathmandu - Chitlang - Palung Valley (Rice exp. field, ca.1,800 
m) - Daman Pass (ca.2,500 m) - Hitaura (Inner Terai) - Siwalik 
Hills - Birganj (Outer Terai), by a landrover (provided by Shangri 
La Tours, ca.180 km), with Dr. B. B. Shahi. Lodge: Sam Jahna 
Hotel. 

  Obs. sites: KT-4, KT-5, KT-6, KT-7, & KT-8. 
 18 Visit: Parawanipur Agriculture Station (Dr. B. B. Shahi), and the 

suburbs of Birganj (ca.10 km). 
  Obs. sites: BR-1 (a collection of local rice varieties), BR-2, BR-3, 

BR-4, & BR-5. 
 19 Birganj - Parawanipur - Hitaura - Padaria (along the Rapti 

River) - Chitwan National Park (landrover, ca.120 km). Lodge: 
Hotel Elephant Camp. Safari excursion riding elephants. 

  Obs. sites: BR-6, BR-7, & BR-8. 
 20 Excursion along the River by a canoe in the morning. Chitwan 

National Park (landrover) - Bharatpur - Pokhara (RA349). 
Lodge: Hotel New Crystal. 
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 2l(Sun) Visit: Western suburbs of Pokhara by taxi in the morning (ca.15 
km), and south-eastern suburbs by taxi in the afternoon (ca.20 
km), with Dr. B. B. Shahi. 

  Obs. sites: PK-1, PK-2, PK-3, PK-4, PK-5, & PK-6. 
 22 Pohkara - Kathmandu (RA312). Lodge: Hotel Yellow Pagoda. 
 23 Kathmandu - Kakani Hill - Trisli Bazar - Kathmandu (landrover, 

ca.150 km), with Mrs. Shahi. 
  Obs. sites: KK-1, KK-2, KK-3, & KK-4. 
 24(National Holiday)  
  Arrangement of seed samples in the Hotel. 
 25 Visit: Department of Medicinal Plants (Dr. N. P. Manandhar) and 

the Botanical Garden, Godawari, Lalitpur, by taxi with Mrs. 
Shahi. Kathmandu - Delhi (IC414). Lodge: Imperial Hotel. 

 26 Visit: Indian Agric. Research Institute (Dr. H. K. Jain, Director 
and Dr. E. A. Siddiq, Division of Genetics), and National Bureau 
of Plant Genetic Resources (Dr. K. L. Mehra, Director and Dr. R. 
K. Arora). 

 27 Visit: Dr. K. L. Mehra, again in the morning. Delhi - Calcutta 
(IC264). Met by Dr. S. Biswas. Lodge: Airport Hotel. 

 28(Sun) Visit: West Bengal Police Headquater for permit of entry into 
Jalpaiguri area, and Dr. R. C. Hazra, guided by Dr. S. Biswas. 
Calcutta - Bagdogra (IC221) with Dr. Biswas. Lodge: Hotel 
Sinclairs at Siliguri. Obs. site: SR-1. 

 29 Siliguri - Jalpaiguri - Mainaguri - Dhupgar - Goyerkata - 
Jalpaiguri - Siliguri, by taxi (ca.240 km), with Dr. S. Biswas. 

  Obs. sites: JR-1, JR-2, JR-3, JR-4, JR-5, & JR-6. 
 30 Siliguri - Nepal/Bihar border (near Bhadrapur) - Siliguri, by taxi 

(ca. 80 km), with Dr. S. Biswas. Bagdogra - Calcutta (IC222). Lv. 
Calcutta by Puri Express (8:25PM) at Howrah Station. 

  Obs. sites: SR-2 & SR-3. 
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 31 Ar. Cuttack at 5AM. Met by Dr. J. K. Roy, and visit: Central Rice 
Research Institute - Mr. M. J. Balakrishna Rao, Mr. P. Jachuck, 
and Mr. S. N. Ratho (Genetics and Breeding Division); Dr. J. K. 
Roy, Mr. A. R. Panda, and Dr. D. P. Ghorai (Germplasm 
Resources Programme); other staff-members and Dr. H. K. 
Pande, Director. Seminar on variations of wild rice populations 
by Oka. Excursion around the campus, Patna village, and 
south-eastern suburbs in the Mahanadi River delta, by an official 
car (ca.20 km). Lodge: Orissa State Guest House in 
Bhubaneswar. 

  Obs. sites: CT-1, CT-2, CT-3, CT-4, & CT-5. 
Nov. 1 Visited by Mr. S. N. Rakshit (Joint Director of Agriculture, 

Orissa) and Dr. B. Misro (Dean of Research, Orissa Univ. of Agric. 
& Technology). Visit: The University Farm and Indian Airlines 
Office in the morning, and Prof. B. K. Behura, Dr. S. N. Patnaik, 
and Mrs. B. B. Parida in Department of Zoology, Utkal 
University, guided by Mrs. Mahanty, in the afternoon. Seminar 
on some problems in adaptation and speciation by Oka. Lv. 
Bhubaneswar by a car provided by Orissa State Tourism 
Department (Driver: Mr. Bipin Panigrahi) for the south at 
4:15PM. Lodge: Palm Beach Hotel at Gopalpur (9 km E of 
Berhampur; ca.180 km). Met by Mr. H. B. Patnaik (Res. Officer 
of Agric). 

 2(Rainy) Gopalpur - Berhampur - Nagavali River - Rajan - Salur - Koraput 
- Mixed Farm at Similiguda (ca.370 km). Met by Mr. K. 
Srinivasulu, Dr. H. S. Rao, and Dr. Gorachand Rath. Lodge: 
Hindustan Aeronautics Guest House at Sunabeda. 

  Obs. sites: JP-1, JP-2, & JP-3. 
 3 Visit: Mixed Farm at Similiguda. Excursion around Koraput, 

Jeypore, and Nowrangpur, by an official car, guided by Mr. K. 
Srinivasulu (ca.160 km). 

  Obs. sites: JP-4, JP-5, JP-6, JP-7, & JP-8. 
 4(Sun) Lv. Sunabeda 5:40AM. Visit: Mr. H. B. Patnaik at Berhampur. Ar. 

Bhubaneswar 8:20PM (ca.550 km). Lodge: Orissa State Guest 
House. 

  Obs. sites: BA-1, BA-2, & BA-3. 
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 5 Arrangement of seed samples in the Guest House. Visited by Dr. 
B. Misro. Payment for the car at Tourism Office. Visit: Lingaraj 
temple and the southern suburbs, by an official car of C.R.R.I, 
guided by Mr. A. R. Panda. Bhubaneswar - Calcutta (IC262). Met 
by Dr. S. Biswas. Lodge: Great Eastern Hotel. 

  Obs. sites: BH-1 & BH-2. 
 6 Visit: Chinsurah Rice Res. Station guided by Dr. S. Biswas. Met 

by Dr. Nabinananda Ghose (Dept. of Genetics and Plant 
Breeding, Bidhan Chandra Agric. Univ., Kalyani), Dr. M. K. 
Majumder (Univ. College of Agric., Calcutta), Drs. P. Mukherjee 
and N. K. Mitra (Asst. Botanists), and other staff-members of the 
Station. Seminar on the Indica and Japonica types of rice by Oka. 
Koizumi visited the Botanical Garden of Calcutta. 

  Obs. sites: TR-1 & TR-2. 
 7 Visit: Dr. R. C. Hazra in Calcutta guided by Dr. S. Biswas. 

Calcutta - Bangkok (TG312). Lodge: Nana Hotel. Met by Mr. 
Nopporn Supapoj of Rice Division. 

 8 Visit: Rice Division - Messrs. Sermsak Awakul, Nopporn Supapoj, 
Pairoth Sopanarath (head), Songkran Chitrakon (germplasm), 
and Miss Sanga Duangrata (statistics); and Department of 
Agronomy, Kasetsart University - Dr. Chairerg Maneephong and 
Mr. Sawarng Fruksacheeva (Dept.head), in the morning. Klong 
Luang Rice Exp. Station guided by Mr. T. Yagi to see his varietal 
test for tolerance to phosphoric acid deficiency on acid sulfuric 
soils. Met by Mr. Pramote Anugul (chief) and other 
staff-members. Invited by Mr/Mrs Charoon Suwanpimol of 
Bangkok Post in the evening. 

 9 Bangkok - (Phrae-Lampang) - Chiengmai (TH142), with Messrs 
Sermsak Awakul and Nopporn Supapoj. Lodge: Prince Hotel. 
Visit: Sampatoun Rice Exp. Station - Mr. Boriboon Samrith 
(Director), Mr. Yoshiaki Aihara, Mr. Chayanta, Mrs. Taweesri, 
and other staff-members. 

  Obs. sites: CM-1 & CM-2. 
 10 Visit: Dr. Kanon Rerkasem, Department of Agronomy, 

Chiengmai University. Then to Panda Royal Highland Agric. Res. 
Station near Samoeng (altitude 820 m, 35 km W of Sampatoun) 
by an official car, guided by Mr. Y. Aihara. 

  Obs. sites: CM-3. CM-4, & CM-5. 
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 11(Sun) Excursion to Samkumphaeng Town, 12 km E of Chiengmai, a 
center of silk milling. Lv. Chiengmai at 1PM by a landrover from 
Phan Rice Exp. Station, crossing the hilly area, guided by Mr. 
Arjong Lingleem. Ar. Chiangrai at 5Pm (ca. 180 km). Lodge: 
Wiang Inn Hotel. 

  Obs. sites: CM-6, CM-7, CM-8, CM-9, CM-10, & CM-11. 
 12 Visit: Phan Rice Exp. Station, 45 km S of Chiangrai, guided by 

Mr. Ariong Lingleem. Met by staff-members though Mr. 
Chumnon Pulsawadi, Director, was absent. Excursion to Hayao 
Lake, 40 km S of Phan, and returned to Chiangrai. 

  Obs. sites: CR-1, CR-2, CR-3, CR-4, CR-5, & CR-6. 
 13 Observation of wild rice populations at the road junction 20 km S 

of Chiangrai. Chiangrai - (Chiengmai-Lampang-Phitsanabke) - 
Bangkok (TH131). Lodge: Nana Hotel.   Obs. sites: CR-7 & 
CR-8. 

 14 Visit: Rice Division. Met by Dr. Ben R. Jackson and Dr. Sala 
Dasananda. Oka visited Mr. Prasan Vongsaroi (weed scientist), 
Dr. Ben R. Jackson, Mr. Sermsak Awakul, and Dr. Kriangsak 
Suwantaradon (breeder). Morishima, Sano, and Koizumi 
proceeded to Saraburi and Ayutthaya guided by Mr. T. Yagi, by a 
car (ca.240 km). Invited by Messrs. Sermsak and Nopporn in the 
evening. 

  Obs. sites: B, SB-1, C, and AY-1. 
 15 Bangkok - Manila (TG620). Lodge: Mabuhai Hotel. 
 16 Visited by Prof. J. D. Soriano of University of the Philippines. 

Visit: International Rice Research Institute at Los Baños by an 
IRRI car - Mrs. Lina Manalo-Vergara (Chief librarian) and Dr. 
Benito S. Vergara; and Prof. Juan Pancho (Botany) and R. M. 
Lantican (Agronomy) in U.P. College of Agriculture. Lodge: IRRI 
Guest House. 

 17 Visit: Dr. N. C. Brady (IRRI Director-general), Dr. S. Yoshida 
(Plant physiology), Mrs. M. B. Parker (Genetic resources), Miss 
Genoveva Loresto (under Dr. T. T. Chang, drought tolerance), 
and Dr. I. Watanabe (Soil microbiology). Invited by Drs. G. S. 
Khush and S. Yoshida in the evening. Met Dr. W. K. Gamble, 
IITA Director-general at the Guest House. 

 18(Sun) Visit: Central Luzon State University at Muñoz, Nueva Ecija 
(150 km N of Manila) - Dr. Amado C. Campos, President, by an 
IRRI car. Then to Manila. Lodge: Mabuhay Hotel. 
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 19 Visit: Prof. Joventino D. Soriano,(Botany) in University of the 
Philippines at Diliman, Quezon City. Morishima, Sano, and 
Koizumi left Manila for Osaka (TG620), and returned home on 
20th. Oka stayed in Manila. 

 20 Oka: Manila - Taipei (TG622). Lodge: Academia Sinica Guest 
House at Nankang. On 21st, proceeded to Taichung by train and 
visited Food Crops Research Institute, National Chung-Hsing 
University; on 22nd, visited Taiwan Agric. Research Institute at 
Wufeng, and returned to Taipei. On 23rd, gave a seminar on 
adaptation and genetic variations in rice at Institute of Botany, 
Academia Sinica, and left Taipei for Osaka (TG610).
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1. A deep-water marsh inhabited by a perennial type of O. perennis at 

Jalpaiguri, India (JR-1, Oct. 29) 

 
2. A perennial type of O. perennis with floating habit, in a deep pond at 

Berhanpur, India (BA-3, Nov. 4) 
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3. A population of intermediate perennial-annual type of O. perennis in 

a roadside ditch near Chiangrai, Thailand (CR-7, Nov. 13; cf. Text 
p.25) 

 

4. Habitat segregation between the perennial (back) and the annual 
(front) types of O. perennis growing in a small marsh at 
Bhubaneswar, India (BH-2B, Nov. 5; cf. Text p.23) 
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5. Weedy wild rice growing in a rice field at Cuttack, India, socalled 
"spontanea" (CT-4, Oct. 31) 

 
6. A weedy type of wild rice found in a rice field at Nowrangapur, Orissa, 

India (JP-7, Nov. 3; cf. Text p.29) 
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7. Seeds of weedy wild rice shed on the ground, at Nowrangapur, Orissa, 

India (JP-8, Nov. 3) 

 

8. "Flat rice" made of wild rice, shown by Mr. H.B. Patnaik, Berhampur, 
Inida (cf. Text p.51) 
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9. A rice field with various types of O. sativa in mixture, at 

Nowrangapur, Orissa, India (JP-5, Nov. 3) 

 
10. A view of terraced fields on mountain slope near Chitlang, Nepal 

(altitude ca. 1,700m, Oct. 17) 
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11. A rice field after harvest in Palung valley, Nepal (near KT-7, Oct. 17) 

 

12. Upland rice fields in Chiengmai, Thailand (near CM-8, Nov. 11) 
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