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Foreword 

In February 1976 the Internatonal Soybean Program lems is vital. To this end, the Chiang Mai conference con
(INTSOY), the Asian Vegetable Research and Develop- cluded with a symposium on extension of research results 

ment Center (AVRDC), and the Government of Thai- to the village farmer. Extension work is an essential 

land, Ministry of Agriculture and Cooperatives, spon- link between what we know or can learn and its applica
was ansored a conference held in Chiang Mai, Thailand. The tion on the farm. The extension symposium 

purposes of this conference were to ,all attention to the eloquent statement of tile importance of establishing an 

importance of soybeans in human nutrition, to bring alliance between research workers, extension personnel, 

together agricultural scientists of Asia and Oceania and farmers. 

who are working with soybeans, and to encourage the The sponsors %ish to thank all who attended the con

exchange of information among scientists from the re- ference. Those of us at INTSOY and AVRDC deeply 

gion an(t around the world. Financial support was pro- appreciate the support and hard work of our colleagues 

vided by the United States Agency for International in Thailand, whose arrangements and hospitality made 

the visit of so many international guests a pleasure. '1 o l)evelopment. 
This was the third such regiomal soybean conference the Govenor of Chiang Mai Province and the Deputy 

cosponsored by INTSOY to review all aspects of soybean Undersecretary of State for Agriculture and Cooperatives 

production, protection, economics, and utilization, with we owe a special debt of gratitude for attetiding the con

emphasis placed on the region in which the conference ferene and setting the tone during the opening 

was held. The first conference convened in Puerto Rico ceremonies. 

in February 197. for trcpical America. The second was The sponsors are deeply indebted to Sheila ],Pyan 

Wiley, who reviewed every paper in these lProceedin.pheld in Addis Ababa, Ethiopia, in October 1974 for 

Africa, the Middle East, and South Asia and was co- and assisted the editor in assuring the literary quality of 

sponsored by the Ethiopian Institute of Agricultural the final versions published here. Arleah Dix, Vicki 

Toews, Sheila Welch, and Mfaralyn Chew in the officeResearch. 
More than 230 scientists representing all aspects of of the Department of Plant Pathology, University of 

with the typing, and their assistance isagricultural science from 21 countries attended the most Illinois, helped 

recent meetings in Chiang Mai. These Proceedings in- gratefully acknowledged. We are also grateful to IPter 

clude all of the general session papers, symposium dis- Laramie of tie Ford Foundation Multiple Cropping 

cussions, and country reports from this highly successful Project, Faculty of Agriculture, Chiang Mai University, 

conference. We earnestly hope that this volume and the who fluently translated the opening address of the Gov

conference from which it is taken will help agricultural ernor of Chiang Mai Province. 

scientists and political leaders in both the developing and INTSOY, AVIRDC, and the Government of Thailand 

the developed nations around the world deal creatively are proud to have been associated with this effort. We 

look forward to continuing cooperation among theand successfully with the challenges of increasing world 

food production and improving human nutrition, workers who attended the conference and the interna-

Adequate food production is one of the major prob- tional agricultural research community in general. 

lems facing mankind, and the problems that exist in 

tropical and subtropical areas are especially acute. Coop- ROBERT M. GOODMAN, Editor 

eration among those directly concerned with these prob- Urbana, November 1976 
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The Future of Soybeans in Asia 

Adul Nyomphiphat 

I he Director, International Soybean Program of the 
University of Illinois; the Associate Director, Asian 
Vegetable Research and Development Center; distin-
guished delegate participants, ladies and gentlemen. 

It is my great pleasure to have the opportunity to be 
here with you this morning and to participate in the 
opening ceremony of this regional soybean conference. 
It is especially an honor to welcome you, since this is 
the first time in the history of my country that interna-
tional scientists have joined together in a group such as 
this to discuss the various aspects of soybeans. On behalf 
of the Thai Government, Ministry of Agriculture and 
Cooperatives, and on my own, I would like to welcome 
you to Thailand and to Chiang Mai. Even though your 
stay in Thailand will be of short duration, I hope it will 
be a happy and useful one. 

The Thai Government for some time has recognized 
the importance of soybeans as a multiple purpose crop 
benefiting the Thai people in general and the Thai farm-
ers in particular. The current national economic and 
social development plan for 1972 to 1976 considered the 
production, protection, utilization, and economics of 
soybeans as one of the major crop priorities for this five-
year plan. Undoubtedly this priority will also be included 
in the five-year plan beginning next year. I trust that 
our involvement with soybeans will indicate to the dele-

gates from other lands our willingness to cooperate with 
you in the various activities that will ultimately benefit 
all of the people in this region and that will perliaps 
have an impact in other parts of our world. 

I personally find the objectives for this conference very 
appealing. If these goals can be realized, it will certainly 
be a highly successful conference of which all of us can 
be proud. Furthermore, this conference could xiake a 
significant contribution to the future success of soybeans 
in this part of the world. Even though this lieeting can
not solve all of the problems of soybeans, I predict it 
will be valuable in many ways and that all of us will be 
more knowledgeable because of it. 

Friendships established here will enable us to coinm
nicate and cooperate more easily on problems that need 
to be solved. In ny opinion, the personal contacts estab
lished here with fellow workers will provide much better 
understanding, new ideas, and more willingness to work 
together. This could be one of the most valuable con
tributions of this meeting to soybean research. 

I wish to convey my thanks to the organizing comnlit
tee for selecting my country for this meeting. I trust that 
each of you will find new challenges for your work, and 
I wish each and every one of you success. I hope you 
will have fond memories of us and the people of Chiang 
Mai as you go about your duties. 

Adul Nyomphiphat: Deputy Undersecretary of State for Agriculture and Cooperatives, Ministry of Agriculture and Cooperatives, Bangkok, Thailand. 
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Welcoming Address by His Honor 
the Governor of Chiang Mai 

Chalaw Tomariri 

Al r. I)epty Undersecretary of State, the Director of the 
lnternational Soybean Program (INTSOY), Associate 
)irector of the Asian Vegetable Research and Develop-

hient Center, disiliguished guc.sts from Illinois, distin-
guished guests from Puerto Rico, and various delegates
from around the world. 

I wish to welcome you all in the name of the people
of Chiang Mai Province. For those of you who have 
come to Thailand, but have not yet been able to listen 
to Thai, it is as though you have not yet arrived. You 
might think you are attending a conference in the United 
States of Anierica. I have visited Puerto Rico and the 
United States, consequently, I am happy to hear that 
there are guests here from Puerto Rico, as wvell as from 
Illinois. We are happy and honored to welcome you all 
to our city for your conference. For the people of Chiang
MNai always welcome guests enthusiastically. 

In the past ten years the Province of Chiang Mai has 
changed considerably, just as the rest of the world is 
constantly changing. Within the Province many hotels 
have been built. We now have a variety of tourist attrac-
tions and many artifacts for sale, all of which indicate 
the deveohpmient of the Province of Chiang Mai. Those 
of our guests here today who have returned after perhaps
three or four years undoubtedly realize that there have 
bell 1mNy chaniges. 

Please allow, mim,to do a little public relations before 
Ihe imeeli g hegins. Next year the city will have an 
internationa:il airport so that when von comie again, you
,ill be :mh to Ily directly here. Also, Chiang Mai is 
II;mTi11. to export a variety of agricultural products
th'l ,,1t the world, such as flowers, vegetables, fruits, 
and vSiIly soybeans. Because of its colder climate, 
Chim',, M;Li1 isone of the few provinces in Thailand that 
is ablei:,, plant nany different types of crops. Up in the 

hills during the past year, the temperature got as low as 
0' Centigrade. There was no snow, but there was ice. 
It seems to me this climate offers an advantage for de
veloping our agriculture. 

Here in Chiang Mai the Thai Government has estab
lished the Northern Agricultural Development Center, 
which covers an area of about ten provinces in the north. 
At the present time we are experimenting with various 
types of crops that can grow during the cold season. 
Quite possibly during your stay here you will have the 
opportunity to try some of our strawberries and vege
tables, especially soybeans. The weather conditions and 
soil are quite favorable for planting soybeans; conse
quently, I am happy that the conference has chosen 
Chiang Mai as its base of operations. 

There are many other things I would like to say, but 
your time is somewhat limited. If I tell you about evety
thing, there will be nothing left to say. I hope you will 
have the opportunity to investigate various points of 
interest on your own. I know you will be taking a look 
at things related to your work, but if you go exploring
points of interest not included in the program, you
might not receive the right answers. 

In the name of all the government officials and the 
people of Chiang Mai, please allow me once again to 
welcome you very heartily. I hope that you will have 
an enjoyable time during your stay here. If some things 
cause you discomfort, I apologize for them now. A small 
city such as ours receiving so many guests may not be 
able to do the job quite adequately. I also wisl to thank 
the translator for his efforts this morning. Excellent inter
preter [in English]! Again, I wish you success, as well as 
happiness, during the c nference. And when you return 
to your homes, please take back some souvenirs of Chiang 
Mai, specifically articles, not people. 

Chalaw Tomasiri: Governor of Chiang Mai Province, Chlan, Mai, Thailand. 
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The Role of AVRDC in Soybean Crop Improvement 

James J Riley 

Deputy Undersecretary, Mr. Governor. Let me tell you
how pleased we are to be in Thailand and especially in 
Chiang Mai. We want to welcome the participants of 
this conference on behalf of AVRDC. I do not think that 
I have ever attended a conference that was so well or-
ganized locally, including, I might say, the World Soy-
bean Research conference this past summer at the Uni-
versity of Illinois in Urbana. Although that, too, was well 
organized, I think no one could do any better than what 
has been done here. AVRDC as an international center 
is proud to participate in this conference, 

Smallest of the international agricultural research cen-
ters and located near Shanhua in southern Taiwan, 
AVRDC has devoted its limited resources to the ira-
provement of six crops (soybean, mung bean, tomato, 
sweet potato, Chinese cabbage, and white potato) during 
the past three years. 

These crops are some of man's richest sources of vita-
mins, minerals, and plant proteins. In tropical Asia, 
these nutrients are needed to supplement the staple diet 
of rice, which is high in starch and low in protein and 
vitamins. Current production of these six crops in most 
tropical and subtropical regions of the world is inade-
quate to meet dietary requirements on a year-round basis. 

The principal research objective of AVRDC is to in- 
crease the yield potential and nutritional quality of 
crops that are particularly suited for supplementing the 
rice diet and increasing the income of the Asian rice 
farner by diversifying his production activities. 

AVRDC's research and training staff is led by 19 pro-
fessionals representing seven nationalities and is orga-
nized into three multidisciplinary programs, namely, the 
Vegetable Legumes; Horticultural Crops; and Nutrition, 
Environment, and Management Programs. Thus, a co-
ordinated effort is being made to solve the problems 
limiting both the quantity and the quality of vegetable 
production in the humid tropics. 

Soybean is a major world crop; however, varieties 
suitable for the lowland tropics have not yet been de-
veloped. Given varieties better adapted to tropical con-

ditions, soybean should become a high protein crop for 
local use and an important export crop for the develop
ing countries of the tropics as well. A large soybean 
germ plasm collection (over 9,000 entries) has been as
sembled and is being screened to identify sources of 
tolerance to tropical conditions, diseases, and insects. 

Mung bean has been a popular legume in Asia for 
centuries. It is an excellent source of ea-,ily digestible 
protein and is eaten in niany forms, including bean 
sprouts, green beans, boiled dry beans, noodles, and 
bean curd. Mung bean has not received the kind of re
search attention that has been given to most other food 
crops. Yet, through a concerted large-scale research pro
grain, its yield potential is being increased considerably. 
This is being achieved by breeding varieties that not only
make more efficient use of solar energy and soil nutrients, 
but that are also more resistant to insect and diseafe 
attack. 

Tomato is a popular crop almost everywhere and is 
an excellent source of vitamins A and C. It is also an 
important cash crop for small farmers. Unfortunately, 
tomato production in the tropics is beset by many handi
caps, principally those of disease susceptibility and of 
poor fruit set in hot rainy weather. AVRI)C tomato 
breeding lines are being tested throughout the region 
and are performing very well. 

More people can be fed from a hectare of sweet po
tato than from a hectare of rice. At AVRDC we are 
developing varieties that , ,o produce roots containing 
high amounts of fl-carotL" and protein. We are also 
looking for varieties with high yield and earlier maturity 
in order to fit multiple cropping patterns. In addition, 
we are screening the sweet potato germ plasm and breed
ing lines for high yield when grown without fertilizer, 
pesticides, and irrigation. Results to date have been 
most promising. 

The heading type of Chinese cabbage (Brassica peki
nensis) is another popular crop that has seasonal diffi
culties in the lowland tropics. Although well adapted to 
higher altitudes and cooler seasons, it does not form 

James J. Riley: Associate Director, AVRDC, Shanhua, Talnan, Taiwan. 
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heads in hot weather and is readily attacked by several 
serious diseases and many insect pests. AVRDC scien-
tists are developing new heat-tolerant, disease-resistant 
varieties of Chinese cabbage. 

Although the white potato is a staple food crop in 
many parts of the world, it does not do well at low ele-
vations in the humid tropics. AVRDC, in cooperation 
with the International Potato Center (CIP) in Peru, is 
making an effort to develop a white potato that will 
form tubers under tropical conditions, particularly dur-
ing the hot, rainy months. Summer yield trials of 
AVRDC's more promising selections did very well near 
l)avao City, Philippines, in 1975. 

Outreach programs have been established in Korea 
.ii1d the l'hilippines, and numerous "scientist-to-scientist" 
contacts have been made with colleagues around the 

world. Scientists from all over the world are encouraged 
to utilize AVRDC's research facilities for advanced 
studies, and to take advantage of the Vegetable Produc
tion Training courses begun in February 1976 with 
participants from the Philippines, Indonesia ahd Taiwan. 

Those of you who are able to arrange your schedule to 
visit AVRDC are most welcome to do so. Those of you 
who have other commitments or are from Thaiand and 
will be going no farther than Chiang Mai or Bangkok 
or Mae-Jo are welcome to pick up a copy of the AVRDC 
brochure or the annual report. Let me say again we are 
pleased to be here as cosponsors of this conference. The 
greater part of the preparations made here, however, 
have been carried out by the Thai representatives. Our 
part has been rather minor, but we are pleased to be 
associated with this conference. 
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Soybean Production and Utilization: 
A Cooperative Endeavor 

W N Thompson 

Honorable Deputy Undersecretary, Honorable Gov-
ernor, our joint sponsors, soybean workers, both ladies 
and gentlemen. 

It is a pleasure for INTSOY to be one of the sponsors 
of this conference. The theme. Expanding the Use of 
Soybeans. is especi,'lly significant because it expresses the 
mission of INTSOY and those with whom we work on 
a national and international scale. Those of you who are 
familiar with INTSOY know that it is a cooperative 
program between the University of Illinois and the Uni-
versity of Puerto Rico. Mayaguez Campus. serving in a 
leadership role in the network of organizations nd indi-
viduals with interests in soybeans. The relationship be-
tween the two universities is very special because it has 
enabled us to establish a bridge between the temperate. 
tropical, and subtropical zones. Let me emphasize, how-
ever, the importance of the network of agricultural re-

search, education, and development organizations work-
ing cooperatively to provide more and better food for 
the ever-increasing numbers of people of the world. 

The process of planning for this conference and your 
presence are gratifying testimony to the cooperation 
within this soybean netwrk. Planning has involved work 
with several organizations and many individuals in Thai-
land. As the week passes I know you will agree that the 
local arrangements committee has done a tremendous 
job, and I am also confident that you will be impressed 
with the hospitality and efficiency of the Thais as joint 
conference sponsors and hosts. The joint sponsorship 
with AVRDC is also significant because it indicates the 
degree of cooperation possible with an organization that 
is active both regionally and internationally, 

This is the third conference of this type that INTSOY 
has sponsored in cooperation with other organizations. 
The first, held in February 1974 at the University of 
Puerto Rico, Mayaguez, was primarily for representatives 
from Central America, South America, and the Carib-
bean. The second, held in Addis Ababa, Ethiopia, in 
October 1974, was for scientists from Africa, the Mid-
dIe East, and South Asia. Following that, we began im-

mediately to plan for this conference, which promises to 
be the best of the three because of the experience gained 
from the previous two conferences and because of the 
expertise of soybean workers in this region of the world. 

These conferences have been sulp)orted to a consider
able extent through speciad grants from the United States 
Agency for International )evelopment. Although the 
sum of money was noot large enough to cover travel 
expenses for the inany delegates, we are pleased that in
dividuals and their sponsoring orgaiiizations have beenl 

willing to invest in the personnel and travel costs neces
sary for persons such as yourselves to participate. 

Some of us come to Asia humbled by the fact that 
soybeans are an old. old crop in this )art of the world. 
We have seen what the conibination of research, educa
tion, enterprising farimers, biisiness. industry, and the 
organizational infrastructure can do in adapting a crop to 
different production environments aild consumer uses. 
We have seen, during less than one career time spal, the 
development of soybeans from a very minor to a major 
crop. Concurrently. there have been iml)ortaint soyl)en 
developments at research stations, in farmers' fields and 
food laboratories, and within the homes of both Win
porate and tropic-11 Asia. 

We fully appreciate wiv the soybean has been iaiied 
not only G'cine niax, but also "the miracle ('ro)" and 
"the Golden Bean." But the potential of soybeans as a 
hunian food is far from being full) exploited. There is 
much to h)e learned here as we anticipate being able to 
achieve a blend between what is known about soybean 
production in temperate areas and what is kinownm about 
soybeans grown under tropical and subtropical conditions. 
Similarly, we expect to build on the wide range of uses of 
soybeans and soybean products, with emphasis on the most 
efficient ways of using so, foods to meet the compelling 
needs of large numbers of people who are less thia 
adequately nourished. We hope this conference will en
able us to discover new areas of research and develop
ment, so that soybeans might become a still more it
portanit means of improving human nutrition. 

W. N. Thompson: Professor of Agricultural Economics and INTSOY Director, University of Illinois, Urbana, Illinois, U.S.A. 
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The focus of INTSOY and others in the soybean net-
work is on all aspects of the crop - production, market-
ing, processing, and use. It should be emphasized, how-
ever, that we are interested in soybeans finding their 
proper place in the farming system of the producer and 
in tle combination of food uses of the consumer. Soybean 
production and use are to be encouraged only where 
farners ard consumers feel that they have a place. As 
suggested by the conference theme, the special qualities 
of the soybean give us confidence that it has a major and 
increasin! role to play in a world faced with expanding 
needs and demands for both protein and calories. In-
deed, the problem is upon us right now. Your presence is 

an expression of both your interest in assisting with the 
problem and your confidence in soybeans as a signifi
cant part of the solution. 

I hope you will find this conference enjoyable. More 
importantly, I hope you will find something professionally 
useful that can be of service to your people when you 
return home. The point that the Deputy Undersecretary 
made about developing friendships is well taken. Confer
ences such as this provide the opportunity to establish 
personal relationships, so that communication between 
soybean workers will be facilitated on both a regional 
and a worldwide basis. If the conference fosters that ob
jective, it will have been a success. 





GENERAL SESSIONS
 



GENERAL SESSIONS- PRODUCTION II 

Breeding Soybean Varieties for the Tropics 

B. B. Singb 

The origin, distribution, and production of soybeans 
indicate that the crop has been confined primarily to the 
temperate zone. Soybeans originated in northeastern 
China between 350 and 45' N. latitude, and even today 
most of the world acreage planted to soybeans is in this 
latitudinal range. Up to 1966 the area under soybeans 
in the tropics and subtropics accounted for only 4.5 Pcr-tropic 

cent of the world soybean acreage. Since that time it has 
increased only slightly, even though considerable effortshave been made to popularize soybean cultiva;tion in the 

v bcases. 
tropics. Interestingly, the small quantity of soybeans 

grown in this region is restricted mainly to hilly regions 
o l sod 

or similar areas having moderate temperatures and lowhum idity. For exam ple, soybeans have been grow n for 

centuries in the northern hills of India. but not in the 
plains. Probably the hnt,
in the tropics have not 

tivation, and apparently 
past to develop soybean 
tropical conditions. 

humiid cliniate and short lays
been congenial to soybean cul-the 

little effort was made in the 
varieties specifically suited to 

Recent soybean adaptability trials, conducted in dif-

ferent tropical locations with introduced varieties from 

temperate regions, have revealed a number of production 

problems associated with soybean cultivation. The wide-

spread occurrence of a number of diseases and pests, 

poor seed germination, less growth due to short-day con-

ditions, and failure of nodulation due to varying soil 

conditions are some of the major factors soy-limiting 

bean development in this region. It is quite likely that 

the same problems might have frustrated any attempts 

made in the past to popularize soybean cultivation in the 

tropics and subtropics. Therefore, soybean breeding pro-

grammes undertaken in this region must aim at develop-

ing high yielding, disease-resistant varieties with good 

germinability and wider adaptability under tropical con-

ditions. 
This paper summarizes the progress made in identify-

ing sources of desirable genes needed for solving the 

aforementioned problems, and also includes a few points 

on breeding methodology and selection criteria for de-

veloping soybean varieties for the tropics. 

BREEDING FOR DISEASE RESISTANCE 
The hot, humid climate of the tropics and the dense 

a nopy of e troe tore 
canopy of soybeans provide an ideal environment for the 
development of a number of diseases. Yellow mosaic, 
soybean mosaic, bud blight, rust, Rhi-octonia, stem 
canker,havepod obsrve severale plaes Honlyr t.heblight, bacterial blight, and bacterial pustitl attopc 

tule have been observed at several places. Ilowvcr, the 

anidmost widespread and losses o7 nsvrof all, yellow mosaicdevastating ecnnsaueyield uadrust, cause vcd loseip to 70 percent in severe 
Some of the varieties from the southern United 

Senies, whichStates, such as Hardee, Bragg, and 
yielded about 4 tons per hectare in 1967-68, yielded only 
1.2 to 1.4 tons per hectare when severely affected by rusta d w l w m si n 1 7 -1 a a ti g r( a l 

and y llow mosaic in 1970-71 at Pantnagar (Table 1). 
IIn contrast, the yield of Clark 63 in 1970-71 was not af

other varieties used in this study and therefore escaped 

In 1970 systematic screening of soybean germ plasii 

was initiated at Pantnagar to identify sources of resis

tance to yellow mosaic and rust. In 1971 the entire soy

bean germ plasin obtained from the United States De

nartment of Agriculture (USDA) %'s also screened. 

From a total of about 4,000 lines screened, only 2 lines 

were immune to yellow mosaic, 6 resistant to rust, and 

15 moderately resistant to rust (Table 2) (Singh et al., 

1974). In addition, a few lines tolerant to yellow mosaic 

have also been identified. 

A number of segregating populations involving these 

resistant lines and varieties with agronomically superior 

characteristics have been produced. Performance of some 

advanced breeding lines derived from these populations 

is very encouraging (Table 3, Fig. 1). Populations in

volving sources resistant to yellow mosaic are now in F,; 

and some of the progeny appear very good. Therefo,'e, 
high yielding varieties combining resistance to yellow 

mosaic and rust may be available soon. Sources of re

sistance to other diseases have been summarized by Hart

wig (1973) and these should be used wherever such 

problems exist. 

B. B. Singh: Department of Plant Breeding, G. B. Pant University of Agriculture and Technology, Pantnagar, Dist. Nainital, U.P., India. 
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Table 1. Days Required for Maturity and Yield of Some Selected Varieties in Four Years 
at Pantnagar' 

Maturity (days) and yield (kg/ha) 
Variety 1967 1968 1970 1971 

Maturity Yield Maturity Yield Maturity Yield Maturity Yield 

Hardee........... 127 4,518 129 4,050 116 2,333 107 1,429
 
Bragg ............ 120 4,051 121 3,883 104 1,799 100 1,298
 
Scinines .......... 121 4,601 121 3,287 106 1,599 102 1,211
 
ClArk 63 ......... 103 3,102 101 3,098 100 3,099 ...b ...
 

No rust in 1967 or 1968; severe rust in 1970 and 1971. 
"Data not available. 

BREEDING FOR INSECT RESISTANCE the germ plasm lines maintained at Pantnagar has shown 
A number of insects attack soybeans, but those causing marked varietal differences with respect to damage due 

causingto defoliators. Twenty lines showed very little damage 
noticeable damage are defoliators, such as the hairy cat
erpillar (Dicrisiaobliqua), tobacco caterpillar (Spodop-
tern littoralis), indigo caterpillar (Laphygma exigua), 
and semilooper (Plusia orichalsia) ; the stein miner 
(Melanogromyza sojae), and whitefly (Beinisia tabaci) 
are al~o important. Chemical control measures are effec-
tive, but when the crop is grown in the rainy season, it 
h c.ines difilcult to follow spray schedules. 

Little wvork has been done to screen the soybean 
germ plasm to identify insect-resistant lines. However, 
the discovery of lines resistant to Mexican bean beetle 
(P.1. 171451, P.I. 227687, P.I. 229358) by Van Dyan 
et al. (1971) and potato leaf hoppers (dense pubescent 
lines) by Singh et al. (1971) indicates the possibility of 
obtaining lines resistant to other insects as well, provided 
proper screening is done. Preliminary field screening of 

due to defoliators when adjacent rovs were completely 
destroyed by the insects; UPSM-930 appeared to be the 
least affected. Further screening is in progress. 

BREEDING FOR BETTER SEED QUALITY 
AND GERMINATION 

Ensuring adequate plant stand is one of the :iajor 
problems in soybean cultivation. The poor germinability 
of soybeans may be partly due to inherent factors and 
partly due to adverse environmental factors. The hot, 
humid climate in the tropics reduces the seed quality at 
the time of maturity and causes rapid loss of viability 
during storage. 

Genetic variability for seed quality in soybeans has 

Fig. 1. Some promising breeding lines of soybeans. Left to right: PK-73-94 (resistant to rust, tolerant to yellow mosaic); PK-71
21 (resistant to yellow mosaic, tolerant to rust); Ankur (resistant to rust). 
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Table 2. 	Soybean Lines Showing Resistance to Yellow Mosaic' lines had 70 to 80 percent germination, and 13 lines, 
and Rust including Bragg, Hardee, and Lee, had less than 70 

Variety Original source percent germination (Table 4). These data inicate 
Introduction number considerable varietal differences with respect to loss of 

Resistant to yellow mosaic grininability during storage. In general, strains with 

China small seeds maintained better germinability. In anotherP.I. 	171443 ....................... 
experiment with isogenic lines in Lee background, weG. formosana (a variety of G. 

Soja) ........................... China found that the small-seeded types maintained betwr 

Resistant to rust 	 germination (83.A percent) than large-seeded types (57 

P.1. 200465 ................ Fusanaridaizu Shikoku,Japan 	 percent). In separate -tudies on the rate of imbibition
 
P.1. 200466 ................ Gakubun Shikoku,Japan
 

the time taken of radicles, we found 
P.I. 200477 ................ Hondadaizu Shikoku,Japan 	 and for emergence 


water forP.1. 200490 ................ Keburi Shikokujapan 	 that in small-seeded types the requirement of 

P.1. 200492 ................ Komata Shikokujapan 	 complete imbibition was li~ss, and the emergence of the
 
P.1. 224268 ....................... Hyogo, Japan 	 radicles was much faster compared with the large-


Moderately 	resistant to rust seeded types (Fig. 2). In all the siiall-seeded lines the 
20 24 hours, whereas it tookE.C. 11695 ............................. 	 radicles emerged within to 


E.C. 50081 ............... .........
 
P.I. 88816-S ...................... Korea 	 between 36 and *18 hours for the large-seeded type!;.
 
P.1. 181567 ................ ....... Japan
 

a smaller requirement
P. J. 200455 ................ Aso No. 1 Shikoku,japan Faster germination and water 


P.1. 200474 ................ Hikagedaizu Shikoku,.japan 	 for germination may be of considerable advantage in
 
areP.1. 200476 ................ Hitayosh ShikokuJapan 	 adverse conditions. Moreover, small seeds less prone
 

P.1. 224270 ................ Howgvoku Sasayama,Japau
 
to mechanical damage during threshing and processing.E.C. 26694 ................ Varicdalc Italy 


Alianca 	 Thus, small seed size appears to be a good index for 
E.C. 36956 ................ \somasari Japan
 

Kinoshita Shikokt.Japan selection for better gerninability. Ilowever, rduction il 
P.I. 200487 ................ 


seed size below 1 g per 100 seeds may reduce yield asP.I. 285089 ....................... 	 V neu7iela 

P.1. 341352 ................ .............. well as oil content; therefore, the desirable range in seed
 
Ankur .................... UPSS-38 U.S.A.
 

U.S.A. size would be between 11 and 15 g per 100 seeds. Mu\fst
P.K. 71-39 ....................... 


of the promising breeding lines developed at Pantnagar 
have seed sizes in this range. 

been reported by Green and Pinnell (1968). In an 

attempt to identify lines maintaining better germinability BREEDING FOR BETTER NODULATION 
during storage, freshly harvested seeds of 40 different 

soybean lines were kept at room temperature from liar- Failure of nodulation in soybeans has been observed 
are low 	in organicvest (December) until next planting season (July). 	 in certain parts of India where soils 

taken matter and where salinity or acidity is high. The U.S.
Four samples of 50 seeds from each line were at 
monthly intervals and germinated on moist paper towels varieties, such as Bragg and Lee. are more likely to show 

necesat 30°C. The two indigenous small-seeded varieties, poor nodulation under these conditions. This has 
varieties.Type-1 and Type-49, showed no significant reduction in 	 sitated localized adaptation of the introduced 

germination. These varieties maintained above 90 per- . Considerable genetic variability has been observed iin 

cent germination. Seven lines, viz., Ankur, UPSM-215, nodule-forming ability under different soil conditions 

PK-71-33, PK-71-39, UPSM-249, JS-3, and UPSL-85, for soybean varieties and Rhizobium strains alike (l)a

maintained between 80 and 88 percent germination, 17 mirgi et al., 1967: Caldwell and Vest, 1968; -iam et al., 

Table 3. 	Days to Maturity, Yield, and Disease Reactions of Sonic Promising Breeding Lines 

at Pantnagar, 1974 
Disease reaction" 

LineDas 	 to Yield Yellowmaturity (kg/ha) Rust mosaic 

PK-73-84 ................. UPSL 85 x Hardee 132 4,335 R L
 
PK-73-94 ................. UPSL 85 x Hardee 
 135 4,181 R L 

LPK-73-109 ................ UPSL 85 x Hardee 135 4,279 R 

PK-73-148 ................ UPSS-3 x Clcrk 63 127 3,853 R L
 

LPK-73-156 ................ UPSS-3 x Clark 63 125 4,129 R 

Ankur ................... Singh plant selection
 

from a composite 126 3,305 R L 
PK-71-21 ................. D63-6094 x D61-4249 120 2,702 M VL 
Bragg .................... Jackson xD49-2491 111 2,261 S S 

R = resistant; S = highly susceptible; M = moderately susceptible; L light; VL = very 
light. 
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Table 4. 	Percentage Germination Before and After Storage 
at Room Temperature for 8 Months in Relation to 
Seed Size of Soybean Varieties 

Initial Final 100-seed 

Variety germination germination -.,,e ed 
(December) (July) weight (g) 

Type-I .................. .51 ...... 99.4 9.( 

Type-49 ................. 96.4 92.4 9.7 

Ankur ................... 95.0 88.( 14.8
 
PK-71 -39 ................ 97. 0 81.4 15.5 

UIIS I.-5 ................ 95.) 80.0 15.6 

PK-71-21 ................ 96.0 77.4 16.0

UP5SLI 	 ................. 94.0 71.4 23.6 

lla,'( ...... : ............ 95.4 68.0 15.4 

Bragg ................... 90.4 64.0 18.0 


................ (110.4 5i. 0 16.9
 
. .............. ___ ___ ___-


1967 and 1971), indicating that if soybean germ plasm 
is screened in problem soils with inoculation, lines with 
desirahie nodlulation could be identified. The results of 
Iprliminary studies at Pantnagar are encouraging. Local 
varieties, such as Type-1 and T-49., form more nodules 
than Bragg and Lee in soils with high as well as low 
organic matter. Bragg and Lee form few nodules in soils 
with 0.5 percent organic matter with normal inoculation 
(Table 5). Additional work is in progress. 

DEVELOPMENT OF SOYBEAN VARIETIES 
FOR SHORT-DAY CONDITIONS 

Most of the varieties being evaluated at present in the 
tropics have been introduced from the United States. 
When grown under the short-day conditions of the 
tropics, these varieties often flower and mature before 
adequate growth is obtained. This causes reductions in 
yield as well as seed quality. 

We have, therefore, determined the days required for 
maturity of a few varieties at different locations (Table 
6). As expected, all the varieties matured sooner at 100 
N. than 	at 290 N. When these varieties were grown at 
different elevations but similar latitudes the number of 
days required for maturity increased with elevation, indi
cating their sensitivity to teniperature. Thus, photosen
sitivity and tlleiiosensitivity of soybean varieties must 
be considered for successful local adaptation. 

Recent screening of the USI)A wvorld soybean germ 
l)lasnl has revealed about 18-1 lines that mature later 
than Ilardee and which may do well in the tropics. 
These lines have been classified in maturity groups IX 
and X (Jlartwig and Edwards, 1975). Most of these 
were originally collected from tropical countries, such as 
Indonesia. Australia, Thailand, Malaysia, the Philip
pines, and Idia. Such lines should be used for tropical 
soybean breeding programmes. 

Some of the soybean lines belonging to maturity 
groups 00 and 0 have been found to be insensitive to 
extended photoperiod (AVRDC, 1975). However, the 
mode of inheritance of this trait is still under investiga-

tion. There is also a need to screen the soybean germ
plasm for thermoinsensitivity since photoinsensitivity
alor- will not ensure wider adaptability. 

BREEDING METHODS AND SELECTION CRITERIA 

Soybean variety improvement in different countries 
has followed the familiar route of introduction, selection, 

and hybridization. The methods used to handle segregat
ing populations following hybridization have been bulk 
or pedigree, or slight modifications or combinations of 
these, or backcross breeding. The exact procedures vary,
however, depending upon the parentage used and on the 
preference and objectives of the investigator. 

The current objectives in tropical soybean programmes 
are to develop disease resistant varieties with better seed 
quality, better germinability, proper maturity, and high 
yield. Thus, the major emphasis has been on character 
improvement rather than breeding for higher yield per 
se. For this purpose, the pedigree method is more effec
tive because it permits rigorous selection for height, ma
turity, disease and shattering resistance, plant type, and 
seed quality in F,,, thus cutting down undesirable selec
tions from being carried to advanced generations. Fur
ther evaluation of individual progeny rows for these 
characters, along with seed quality and germination,
and chemical composition and lodging in F:, and F,
generations, ensures the replicated testing of only those 

lines which are otherwise desirable. The modified pedi
gree method (Brim, 1966) would be equally effective 
if rigorous selection for the aforementioned characters is 
done in F. and later generations. Partial backcrossing 

Fig. 2. Emergence of radicles in large-seeded and small-seeded 
isolines in Lee background under similar conditions. 
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followed by the pedigree method or the complete back- CONSIDERATION OF PLANT TYPE 
crossing methods could also be used, depending upon The number of pods per plant depends upon the plant 
the agronomic characteristics of the donor parents. 

While practicing selectionin early generations, due for highly heritable traits type. Some possible plant types in soybeans range fromconsideration must also be very tall (156 cm) to dwarf (43 cm), and from noin erlygeneatins,ue onsderaionmustals be branches nineto branches per plant (Fig. 3). As ex
given to the yielding ability of the plants. Correlation baces to nine brancheispeat ig 3). ascex
and path coefficient analyses of yield and yield-contribut- pected, the number of pods is greater in dwarf branching 
ing characters in soybeans have revealed a predominant types than tall, nonbranching types. Moreover, the extra 
effect of pods per plant in determining the yield. Nor- tall types are more susceptible to lodging. The medium
mally the variation for seed size and number of seeds tall, nonbranching type (Fig. 3, No. 3) would be ideal, 
per pod in elite populations is low, and at the same time provided that a high plant population is maintained. 
these are negatively correlated with pods per plant. However, ensuring high plant population in soybeans is 
Therefore, the yield contribution of these characters is always a problem because of loss in seed viability during 
negligible. The direct contribution of height, nodes, and storage and adverse weather at the time of sowing. A 
branches toward yield is negligible, but their indirect nonbranching type would give very poor yield if plant 
contribution through pods is quite substantial (Table population is low. On the other hand, a dwarf branching 
7). Thus, pods per plant is a good index for selection, type may compensate for poor gennination by profuse 

Table5. Nodulation of Four Soybean Varieties Grown in Different Soils (Pot Culture) 

With and Without Inoculation' 

Numbe- of nodules per plant 

Variety Pantnagar soil Aligarh soil Bareillv soil 

Inoculated Un- Inoculated U11- Inoculated Uninoculated inoculated inoculated 

Type-49 .................... 120 45 25 15 40 12
 
K alitur ..................... 105 51 22 10 31 24
 
Bragg ...................... 68 20 0 0 2 0
 
Lee ........................ 73 25 10 ( 2 0
 
Soil characteristics ........... pH = 7.07, pH = 7.8. pH = 7.2.
 

O.M. 3.0% O.N. 0.5% O.M. 0.5% 

"Incollaboration with Dr. K. V. B. R. Tilak, Soybean Microbiologist. 

Table 6. 	 Days Required for Maturity by Different Varieties at Various Elevations and 
Latitudes 

Maturity Maturity (days) at four locations 
Variety group 30-75 m 1,210-1,800 in 262 m 1.200 in° °
classification 6 S.-10 N. 70 N.-9 ° S. 29' N. 31 *-34° N. 

Hark ................ I 74 113 90 121
 
Clark 63 ............. IV 83 120 101 139
 
Bragg ................ VII 87 134 120 150
 
Hardee............... VIII 93 142 130 170
 

Source: adapted from Whigham, 1975. 

Table 7. 	 Direct and Indirect Effects of Factors Influencing Yield of Soybeans 

Effect on yield characters Corre-
Character 100-seed lationHeight Nodes Branches Pods count 

Height ................. - .22" - .10 .05 1.87 -. 67 .83
 
Nodes.................. - .20 - .10 .03 1.69 - .60 .72
 
Branches ............... -.06 -.02 .21 1.08 -.46 .64
 
Pods...................- .20 - .08 .11 2.05 - .79 .91
 
100-seed wt............. .17 .07 -.11 -1.85 .88 -.63
 

' Underlined values are direct effects. 
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1 2 3 4 5 7 
Fig. 3. Different soybean plant types. 

branching and increased per plant yield. Therefore, 
under tropical conditions the dwarf plant type (50 to70 cm) with branching would be more desirable. In 

order to reduce intra- and interplant competition due to 
dense foliage, narrow leaves should also be incorporated 
in the new breeding lines. 

POPULATION IMPROVEMENT 

Because soybeans are prIimarily self-pollinated, popula-
tion imlprovement programmes in soybeans were not pos-
sible in the past. However, with the discovery of several 
male sterile mutants (Brim and Young, 1971; Singh et 
al., 197-1a) it is now possible to undertake such pro-
grammes. Brim and Stuber (1973) have outlined a pro-
cedure for recurrent selection in soybeans. The initial 
populations may be synthesized by crossing a number 
of desirable parents in many ways, depending upon theobjectives. Such composite populations could be con-

tinuously improved by"recurrent selection, and new genes 
could be infused in them as and when available. This 
elite gene pool in the form of a multitude of recombi-
nants would serve as a continuous source for deriving 
high yielding, pure lines to be used as varieties. Since 
soybeans are sensitive to photoperiod as well as tempera-
ture, it would be desirable to synthesize composite popu-
lations for specific adaptability zones, depending upon 
the latitude and altitude. 
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Discussion 
N. Vignarajah: Regarding the existence of two races of 

the rust pathogen, was the determination based on 
pathogenic reaction or on differential reactions on 
varieties ? 

B. B. Singh: I based my remarks about the races of rust 
on the observations made by plant pathologists at the 



GENERAL SESSIONS --- PRODUCTION 17 

Asian Vegetable Research and Development Center, Sumin Smutkupt: I would like you to summarize again
Taiwan. Thc determinations were based on patho- your ideas on the ideal type of tropical soybean.
genic reactions. B. B. Singh: In the tropics, where the problem of germni-

T. Venkata Swamy: Have you conductcd any studies on nation is so widespread, I feel that a plant type with 
drought resistance in soybeans? profuse branching habits may be more desirable hv-

B. B. 	Singh: This is certainly an important aspect, but cause it would have an inherent capacity to give 
we have not screened the germplasm for drought increased yields per plant in case of poor plant stand. 
resistance. The station where I work receives about We have observed that a plant 75 to 85 cin tall with 
60 inches of rain evenly distributed throughout the 9 or 10 branches and seed size in the range of II to 
entire growing season and therefore, even if we wish, 15 g per 100 seeds may be ideal for tropical condi
we cannot undertake such studies. 	 tions. 
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Some Concepts of Soybean Improvement 
in the Lower Latitudes 

D.E Byth 

Rlecent decades have revealed a rapid increase in the 
demand for protein, as is reflected in the expansion of 
soyhean production worldwide. Efforts to increase pro-
duction in many tropical and subtropical countries have 
steninied from recognition of the important role played
directly or indirectly by grain legumes, including soy-
beans, in human nutrition. In this context, various nia-
tional research and development programmes exist, and 
the role of international groups such as INTSOY and 
AVR1 )C is well known, 

GENERAL CONSIDERATIONS 
OF SOYBEAN IMPROVEMENT 

In considering soybean improvement, it should be 
noted that Gl 'yinemax L. (Merr.) is a cultivated plant, 
not a nativt plant. Three points arise from this. First,
the variability existing at any pl:'e or time does not re-
flect the full range of variability in the species, but 
rather only that portion collected or selected in that 
area. Second, although considerable genetic diversity is 
aplparent worldwide, this has not been exploited to an' 
extent in any one region: niany 1rogranimies ha\e a re-
stricted gern plasim base. Third, most soybean breeding
has occurred in temperate areas, so that the philosophies
of iniprovemiment are biased towards the problems of ten-
era
l) 'tada)tation.

Much of the soybean research and technology in the 
temperate areas is relevant to the tropics, and adaptive
research is justified. However, huge differences exist in 
the(diversity of climate, growing seasons, rotations, cul-
tural systems, and] so forth: consequently, different ob-
jectives may be necessary in soybean iil)rovenient and 
adaptation, 

Scientific knowledge is inadequate with regard to 
illost aspects of soybean culture in the lower latitudes, 
including physiological response, canopy physiology, nu-
trition and soil fertility, nitrogen fixation, and pest and 
disease problens. Consequently, a pragmatic approach 
to soybean improvement is required through the develop-

nient of problem-orientated regional programmes to ob
tain the necessary scientific knowledge and to identify
the best available germ plasm and technology at the farm 
level. Plant imlrovement programmes, which by neces
sity are a multidisciplinary activity, require a long-term 
commitment. Breeding and selection of cultivars are of 
central imporiance, but must be conducted within the 
context of existing and possible cultural systems. 

Clear definition of objectives is basic to the success of 
any programme. This paper will discuss some general 
concepts of soybean adaptation that may influence those 
objectives. 

PHOTOPERIODIC RESPONSE AND ADAPTATION 
Sensitivity to photoperiod is the most important single

factor influencing adaptation of soybean genotypes to 
both latitude and planting date. Davlength influences 
the phenological and physiological development through
out growth. Other factors, such as temperature and moois
ture availability, also affect development, but cannot be 
dealt with here. 

In practice, the most important influence of photo
period involves the induction and initiation of flowering.
Most soybean genotypes are quantitative short-day plants
and will flower quickly if subjected to photoperiods 
shorter than a "critical' photoperiod characteristic ofeach genotype. ])epending on temperature and environ
mental conditions, the mninium period from planting 
to flowering ranges upward from 25 days. Photoperiods
longer than the "critical" level may delay flowering (Fig. 
1), but most genotypes are facultative, short-day plants
that vill flower eventually under a range of photo
periods. 

A complete spectrum of photoperiodic response, in
cluding day neutrality, exists in soybeans. A maturity 
group classification is used in North America as a broad 
basis for characterising differences among cultivars in 
floral induction and maturity. For example, group 00 
cultivars will flower quickly in long days and are 

D. E. Byth: Department of Agriculture, University of Queensland, St. Lucia, Australia. 
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Fig. 1.Influence of photoperiod on time from planting to 
constant photoperiod:flowering for soybean cultivars under 

(a) Avoyelles, (b) Bienville, (m) Manuloxi, (n) Nanda, (c) 

critical photoperiod. Source: Byth, 1968. 

therefore regarded as suitable for the higher latitudes 

(450 to 500), while group VIII cultivars require rela-

tively shorter daylengths to flower and are considered"adapted" to lower latitudes (250 to 30'). Cultivars 

adapted to even lower latitudes would require definition 
of more groups (e.g., IX, X, XI). 

In general, culture of a particular group in latitudes 
higher or lower than its classified "adaptation" will de-
lay or hasten maturity, respectively. Therefore, the terms 
"early" and "late" are relative only to the particular 

involved. As expected,photoperiod and environment 
result in large changesthese changes in phenology also 

of growth and development; for example, most group I 

cultivars g...wn in group IV environments will be earlier 

maturing, shorter, and less vegetative than the vegeta-

tively vigorous, "adapted" group IV cultivars. They will 

also have a different seasonal distribution of their growth 

phases, because they will be induced to flower and ma-
ture earlier than the "adapted" cultvarslexiility 

The phenological responses of various cultivars (groups 

III-XI) to a series of planting dates in subtropical Aus-
trala. 27'S.)areshoni Fig 2 or iffren stges

tralia (270 S.) are shown in Fig. 2 for different stages 
of growth (Lawn and Byth, 1973). Clearly, group III 
cultivars were effectively insensitive to daylength through-
out growth, in that flowering invariably occurred rapidly 
and resulted in short-season growth and rapid maturity. 
At the other extreme, the latest maturing cultivars were 
sufficiently sensitive that flowering of all plantings was 
delayed until the shorter days of autumn. In general, 
the length of a growth phase was extended most where 
that phase occurred during the longest days. 

These general patterns of response may be expected 
to occur in most environments for that range of cultivars 
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-capable of successful reproductive growth. At latitudes 
lower than 27' S. with a smaller seasonal variation in 
daylength, most of these cultivars would mature com
paratively early and would be less responsive to planting
date. Very late cultivars at 270 S. would probably ma

ture relatively late, but would be capable of reproductive 
growth at lower latitudes. 

responses have important implications regarding 
adaptation in the lov,'er latitudes, particularly with re
spect to photoperiodic insensitivity and its use in soybean 
inprovement. Clearly, group III material was effectively 

day-insensitive at 270 S.. so that (;roup 00-I11 culti

vars form, in general, a population insensitive to the day

length range at that latitude. At lower latitudes, higher 
groups are increasingly less responsive, so that at the 
equator much of the genetic material from the higher 
latitudes may he relati'elv insensitive to the range of 

daylength. (onsecuentlv, the lower latitudes are in a 
favourable position to obtain and use much of tl in

proved genetic material produced in the higher latitudes. 

.grm l)lsii base for breeding is thereforeThe p)otential 
very broad indeed, and responsiveness of genotypes to 

environi*ental factors other than photoperiod will as

sume major importance. 

REGIONAL ADAPTATION AND AGRONOMIC USE 

In North .\mnerica particular maturity giot~ups art rec

oimnendled as "adapted" for narrow bands of latitude,
depending on their ability to perform and yield in a 

defined cultural system involving spring planting, full
season growth, and wide rows (75 to 100 cm). Clearly. 

substantial vegetative growth is required: "adapted" 
gmups correspond well with latitude and "nonadapted" 
groups must provide suboptinial performance. 

This concept of adaptation has been simply applied. 
efftie and acceptable in the nitcl States. lowever. 

change of the cutural sstem alters niuch of the meaning 

of the cmuturitygroup classiication with efl)t to ada

fr ao f ible se o aityo whea ing e 

in production and reeding. It is debatable whether this 

chianmge would be necessary oI useful in the United States. 

seems certain to be necessary in the lowerNevertheless, it 

latitudes where the diversity of climate, growing seasons, 
both pos

rtio and cusyStem mlexi i ito al 

ie and nece ch fltims and additonal
in the choice of cultivars and coiphenitar\demands

cultural systems, with the result that bireding strategies 
and objectives, and concepts of adaptation iust be ad
justed accordingly.
 

Euse rdingly 
gxperience in Australia suggests that three diflerent 
general approaches to adaptation may bc possible (Lawn 
and Byth, 1976) 
1.Adoption of U.S. cultivars and full-season, wide-row 

U.S. technology for soybeans as the major summer 
crop. This is successful in the subtropics under irriga
tion, but has rather rigid cultivar and cultural re
quirements. 
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Fig. 2. Variation in phenological development for representative cultivars planted at weekly intervals from 8 October to 20 Feb
ruary at Redland Bay, Queensland (27' S.). 

90-0_ _ 2. Flexible use of cultivars and planting dates by change 

of cultural system, with recommendations based on 
. . A __ cultivar x planting date x plant density/arrange

ment interaction. Thus, soybeans complement existing 
- •' :-00 rotations and climatic conditions, while yield is op

7.. l timised for each usage. 
3. Development 	of short-season cultivars, insensitive or 

_ 	 .'o nearly so to the daylengths of the region, which can 
-. obe used flexibly over planting dates and latitude in 

* 4000 	 uniform, high density culture. 

. .M 	 These approaches involve contrasting concepts of 

substantial differences in phenol3000-	 adaptation, anVeeomntgrwell and germ plasmas 	 as ls"0 	 ogy, growth and development patterns,
lo -	 ,,1. "0 

base. Each has been used successfully in different situ
ations, indicating the flexibility possible when necessary 

ri It. 130 t in in soybean adaptation. Optimisation of yield will require 
Day frotmplantingto thaend o flowering adjustment of cultural practices. In subtropical Australia 

40 50 60 7. 0 

Fig. 3. ry matter (DM) accumulation for various (270 S.), detailed studies of phenology, growth and de

cultivar-planting date combinations (A -row culture; velopment of a range of cultivars, and planting dates 
B - hillplot culture). showed the following (Lawn and Byth, 1974): 



GENERAL SESSIONS- PRODUCTION 21 

\ 	 7' _, 

400 

Soo• 	 • 4o 

500 ~ '~3000
*4n"

. .I.... . . .. -. - ,: . . . 4. 
200 	 2000
- ~3000 

1 . -2 Z9 5 12 19 1 Io 17 2 42 7 2 221 i 4 II I 
O r.6" N-ncml.', December January February 

Planlino date 

Fig. 4. Seed yield (closed and open circles) and dry matuer (DM) 
yield at matur;y (closed and open squares) across planting dates, 
for nine early afid nine later maturing culivars, respectively. 

Biological efficiency of seed production (harvest in
240-5. 

dex) was greatest where early flowering, limited 
220 vegetative growth, and short-season growth occurred 

200 	 (Fig. 6). 

1ao Since biological efficiency was negatively associated 

160 with duration and extent of vegetative growth, nmaxini-
S.. ,eo sation of seed yield requires an optimum compromise of 

140 these factors. The optimum plant density and arrange

120 ment will vary, depending on the cultivar-Iflanting date 

20o combination. We found (Lawn and Byth, in prss) that 
0seed yield was maximised in progressively narrower row 

(higher density) treatments as plantings were delayed 

60 - beyond the longest days, and as shorter-season cultivars 

40 were used (Table I). Also. seed yields from short-season 

growth in narrow rows were equivalent to, or greater 
than, the highest yields obtained from full-season growth. 

Clearly, the low dry matter production from short-season,00 20 30' 400 50 7041 

Average total plant DM (S perhill plot) growth may be compensated by increased plant density 

(DMI) and high harvest index, and high seed yields are feasible 
Fig. 5. Average seed yield versus average dry matter 
yield at maturity for nine early (open circles) and nine later 
(closed circles) maturing cultivars, respectively, in hillplots. 

1. Vegetative growth was greatest for those cultivars os 

and/or planting dates that resulted in the longest
 

periods to the end of flowering (Fig. 3). 0.4
 

2. 	 Percentage of leaf dry matter declined with increase 
in vegetative development. .. 

3. 	 Seed yield per unit area for each cultivar increased . A 
as the length of the growing period was extended, 0.2 

until vegetative growth was sufficient to form closed 
canopies in the row spacing used (Fig. 4, 5). Further 0.1 

in 	 duration of vegetaive growth merely
increases 
sustained yield or durations 40 ii t 0 I'll 0 250reduced it. Different of i5 , 92I 11", 22 240 222 

vegetative growth were required for different row Daysfromplanting Io Ihe endo Ilowering 

spacings. 	 Fig. 6. Biological efficiency versus duration from planting to 
4. 	 Individual plant dry matter and seed yield declined end of flowering, for various cultivar-planting date combina

with decrease in duration of vegetative growth. tions (A - row culture; B -hillplot culture). 
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Table 1. Effect of Row Width on Soybean Yields at Two Sites in Subtropical Australia 
(27- S.) 

Soybean yields (ton/ha) at Lawes (1968-69)date Cultivar Row width (cm)date___________________ ________________________ Mean 
Wills Avoyelles Gilbert 101.5 50.8 25.4 12.7 

14 Dec.......... 2.09 1.69 1.59 1.72 1.92 
 1.81 1.70 1.7911 Jan .......... 2.14 1.40 1.40 1.53 
 1.73 1.70 1.64 1.658 Feb .............. 1.53 1.54 1.60 1.26 
 1.66 1.86 1.46 1.56.Mean .............. 1.92 1.54 1.53 1.50 
 1.77 1.78 1.60 1.66 

date 
Soybean yields (ton/ha) at Redland Bay (1970-71)

Cultivar 
date 

Wills Bethel 

6 Dec ........ ............ 2.84 2.59 

29 Dec .................... 2.70 2.64

19Jan...................... 2.34 
 2.35 
M ean ...................... 
2.63 2.52 


Source: adapted from Lawn and Byth (in press). 

from short-season culture. Similar results have been ob-

tained at 220 S. and 17' S. 


Preconception of what constitutes 
 "adaptation" is 

likely to inhibit progress and bias development. Research 

should be directed to the solution of real problems, and 

concepts of adaptation adjusted accordingly. However,

short-season culture of davlength insensitive (or nearly
insensitive) cultivars may have application in low lati-

(tides, particularly where soybeans are grown in erratic 

climates or as short-season, secondary crops following
cereals in intense rotations. Ill these situations, the flexi-
bility of rotational systetis is likely to be enhanced. Defi-
nition of breeding objectives would be simpler, and 
breeding l)rogratnmes could be centralised with extensive 
regional testing, thus acconlinohdating a wider germ plasm
base anid enconipassitg a wider area of relevance. Where 
climatic constraits necessitate prolonged growing peri-

ods, cultivars sensitive to plhotoperod or longer-season,

insensitive cultivairs itmay he identified. 


As in all breeding exercises, difficu'ties in attaining

these objectives undouibtedly exist. Soiie of the develop-

oslentyl proalems with "nontraditional" seasonal cuure 
of soybeans (Ililsn, 197-1) hav'e occurred in subtropicalAustralia for Iarticular cttivars or planting dates. How-evur, in our exlperietnce adequate germ plasm exists to 
allow normal growth and development at reasonable 
yieldcated levels for virtually anyprev'iously, season of culture. As indi-the lowver latitudes are in a position 
fa' e or tiinglowelatiudesso agret ierpsitionfavourable for gainitg access to a great diversity of 

PLANT HABIT 

Considerable debate exists regarding the superiority or 
desirability of determinate and indeterminate forms for 
the lower latitudes. To a large extent the question is aca-
deinic. -arvestable yield of a desirable product is the 
basic criterion regardless of plant habit. Furthermore, 

Row width (cm) 
Mean 

101.5 50.11 25.4 12.7 

2.59 2.79 2.89 2.58 2.71 
2.54 
1.49 

2.86 
2.58 

2.80 
2.70 

2.50 
2.60 

2.67 
2.34 

2.20 2.74 2.79 2.56 2.58 

the question of determinacy is only a portion of the 
overall design of the plant. 

Considerable flexibility of plant design exists. The 
Australian research described earlier primarily involved 
cultivars bred in the United States as plotoperiodic 
responsive material for full-season culture in wide rows. 
Yet when tested in the tropics and subtropics, these lines 
maintained satisfactory yillds in a wide variety of plant
ing dates and drastic consequent changes in the pattern
of plant development and crop duration, long as apas 
propriate adjustments in plant density or arrangement 
were made. "Presuniably, the results of these tests were 
suboptimal, since the cultivars were evaluated under cit
cunistances in whichl plant habits differed grossly frot 
those of their selection. It is doubtful that 1l)lant design
considered desirable for yield accumulation in massive 
vegetative canopies will also be optimal for short-season 
cuhure with far less vegetative growth. 

The "optimal" plant design for short-season culture is 
unknown and will be derived only by experimentation.
-lowever, certain aspects are clear. Short-season culture 

Inevitably reduces plant height and the number of nodes,
and predisposes to occurrencethe of pods near groundlevel, high harvest losses, and reduction in the numberof fruiting sites. The height of the first pod is adjustable 
by appropriate lant density or arrangement, and ade
by approp ria l ity or(Ta ng em ain adquate genetic: variability exists (Table 2) . Terminal and 
axillary racetne development can be introduced genetically to condition prolificacy and the production of pods 
near the top of the plant. 

Strong arguments can be made in favour of the determinate habit, particularly for short-season culture where 
a highly reproductive organism is required, and where 
efficiency dictates maximisation of the reproductive
phase and avoidance of excessive overlap of the physio
logical stages. Raceme development is an additional asso
ciated objective. However, limited evidence suggests that 
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Table 2. 	Performance of Soybean Varieties When Planted in Rows 70 cm Apart at Two 
Sites in the Markham Valley, Papua New Guinea (70 S.) 

Site 1 Site 2
 
Plant Cultivar
spacing 	 Plant Lowestheight podC Yield heigh t po)Plant Lowest (t1/Yield
 
in row 	 (cm) 

4cm 	 Semstar 69 
Bragg '30 
W ills to 
Davis 32 
Hampton 29 
Gilbert 42 

Daintree 53 
Ross 57 
Semstar 49 
Gilbert 44 
Dain ree 
Wills 29 

8 cm 	 Semstar 49 
Gilbert 35 
Daintree 
Wills 28 

Scmstar 36 
Gilbert :32 
Daintree 
Wills 24 

Source: J. S. Sumbak, personal communication. 

many determinate cultivars may become excessively short 
in the lower latitudes, particularly during the shorter 
days. The reasons for this are not known. Harvestable 
yield is the main objective, and this may require an in-
determinate plant habit under some circumstances. For 
this reason, other approaches for obtaining pod produc-
tion near the top of the plant and high pod potential are 
necessary. 

Shattering and lodging are problems common to all 
soybean programmes in every area. Shattering resistance 
is particularly necessary where hand harvesting requires 
multiple handling of plants. Attainment of shattering 
resistance presents little difficulty where an effective 
local breeding programme exists. Lodging has implica-
tions for harvestability, disease attack, and reduction of 
yield and seed quality. It is a complex problem requiring 
research into plant habit, rooting habit, response to 
waterlogging at establishment, and soil preparation. 

GERM PLASM BASE 

Only three aspects will be discussed, viz., restriction 
of the germ plasm base of individual programmes, genetic 
vulnerability, and collaboration in the exchange of 
breeding material, 

Large germ plasm collections are held by various insti-
tutions, particularly the United States Department of 
Agriculture and AVRDC, and in general, material is 
freely available on request. However, only very limited 
use of the collections in quantitative plant improvement 
has occurred; consequently, many programmes have a 

(cm) 	 'I"(cm)(em) 

5.6 	 1.4 71 7.7 0.8 
5.2 	 0.8 36 7.7 1.1 
3.1 	 1.6 31 4.1 2.3 
6.1 1.4 33 6.4 1.4 
4.9 1.7 32 7.7 1 :3 
6.4 	 2.4 41 11,7 2.8 

9.2 2.3 49 9.0 2.7 
10.,I 2. 6 49 8.0 2.4 
5.2 	 1.3 411 5.2 1.1 
7.6 3.6 ... .
 
... ... 54 12.9 1.9
 
5.6 1.9 27 2.2 I'. 

5.2 1.2 38 5.7 0.6 
4.4 	 3,1 .. . 
... 	 ... 40 8.4 1.81 
4.7 	 1.1 26 3.2 1.5 

3.81 	 0.8 47 3.2 0.6 
2.2 2.3 ... .
 
... ... 33 4.0 1.5
 
2.9 1 .0 25 3. 1.2 

encourage breeders to work within narrow genetic bases, 
and these may be greatest and most justifiable where a 
specific photoperiodic response is required and where a 
high yield level already exists. lowever, no clear justifi
cation exists in the lower latitudes where farm yields are 
low and a wide diversity of germ plasi ispotentially 
relevant. 

In subtropical Australia even extremely wide crosses 
(group III x group NI) have produced elite and dif
ferent segregating poplations. Improved plot techniques 
and breeding procedures, stich as multiple crossing, bulk 
breeding methods, single-seed-descent, and hill-plot test
ing inearly generations, can facilitate broadening of ile 
genetic base. 

Genetic sinilarityv of cultivars creates uncertainty re
garding the genetic vulnerability of the crop. In'the 
United States relatively few cultivars occupy much of 
the total area, and particular cultivars doinate spe

cific regions. In 1972 all of the major cultivars involved 
Mandarin parentage, with some 85 percent of the total 
area traced to only six nmaternal ancestors (National 
Academy of Sciences, 1972). The genetic base in Atis
tralia is qualitatively similar to that in the United States, 
so that a similar concern must exist regarding genetic 
vulnerability. Proliferation of U.S. cultivars has occurred 
or is occurring elsewhere, and constitutes a narrowing of 
the genetic base internationally. The implications are 
potentially serious, particularly in the low latitudes where 
quite different environments and challenges to the ge
netic material are likely. An example is the vulnerability 

narrow genetic base. Practical and logistical pressures of U.S. germ plasm to the rust pathogen, Phakopsora 
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pachyrhizi Syd. Deliberate broadening of the genetic 
base is justified on the basis of developing adaptation in
"new" areas; potential genetic vulnerability is simply an 
additional justification. 

Much of the exchange of germ plasm from collections 
involves a search for "instant" cultivars because few 
accessions are used in local hybridisation. Coincidentally, 
the majority of vach breeding population is discarded 
by thelbreeder as "nonadapted," unsuitable, or simply 
not the best ma*terial locally. Numerous demonstrations 
of large genotype x environment interactions suggest the 
possibility that elite but unreleased selections from one 
programme may have value in other areas. Exchange of 
elite breeding ines for preliminary evaluation may pro-
vide rapid and inexpensive access to breeding investment 
elsewhere, in addition to providing some information on 
the potential value of particular parents in that area. 

For a mnuher of years, breeding lines identified at 270 
S. as potentially useful at lower latitudes have been sup-
plied by the author to a number of overseas and Aus-
tralian locations. The results suggest that the exercise 
has been productive, particularly where local breeding is 
limited or absent. Regional exchange could broaden the 
genetic base, as well as provide inexpensive access to 
advanced breeding lines. A comprehensive programme 
of germ plasin exchange and genetic analysis using ran-
dom single-seed-descent progenies has recently been sug-
gested (K. S. McWhirter, personal communication). 

RESPONSE TO ENVIRONMENTS 

The low farm yields characterising much soybean cul-
ture in the tropics are tihe result of many interacting 
factors, including environmental, agronomic, and ge-
netic. The impact of some environmental factors on 
breeding strategy will be discussed briefly. 

Soils and Soil Fertility 
Soybeans can be grown successfully on most soil types 

as long as adequate moisture and nutrients are avaiJ'!ble 
throughout growth. A wide range of pH can be toler-
ated, provided that micronutrient availability and nodu-
lation are not upset. Ideally, fertilizer application and 
p1-I adjustment should be made as necessary if high yields 
are to be obtained, 

In practice, however, most farmers in the tropics apply 
no fertilizer to soybeans, highly acid soils (pH 4.2 to 6.0) 
are common, and fertilization and pH adjustment are 
probably not generally feasible. Obviously, breeding
should be directed to problems in the production envi-
ronment, such as tolerance of aluminum toxicity and 
zinc deficiency, and to symbiotic combinations effective 
under low pH conditions. However, it is probable that 
selection for quantitative characters may be relatively
ineffective under low fertility conditions. A dichotomous 
situation may be desirable, with selection and breeding
in less limiting environments and rigorous testing subse-

quently under farm conditions. A similar argument exists 
regarding moisture stress. 

Disease and Pest Resistance 
Breeding for disease resistance has eypanded rapidly in 

North America in recent years. Many of the diseases 
present in temperate regions occur commonly in low 
latitudes also and can be severe. Other diseases, such as 
rust (P. pachyrhizi) in Asia, are distinct regional prob
lems. In the case of some diseases, prior stud), of the 
pathogen and disease elsewhere may have revealed 
sources of resistance effective in the tropics and in im
proved cultivars. Alternatively, resistance may be sought 
in tropical germ plasm. Collaboration between breeders 
and pathologists is necessary. 

A wide range of insect pests exists in the tropics, and 
damage can be severe, varying with country, region, 
season, and year. Because there is relatively little knowl
edge of genetic resistance, collaborative research in bio
logical control and integrated pest management should 
be developed regionally. 

Environmental Adaptation 
As in the case of most other crops, relatively few 

studies of environnental adaptation and responses of 
soybean cultivars have been made. Although numerous 
studies have demonstrated substantial cultivar x envi
ronment interaction, no detailed studies of the nature and 
causes of the differential responses have been reported. 
Such studies could provide clearer definition of breeding
objectives and stimulate analysis of environmental limitations. An important component is a data base from a 
continuing uniform regional trial series, along with its 
detailed analysis and interpretation. 

SSEED QUALITY 

Chemical Composition 
In Asia the purpose of soybean production gives rise 

to contrasting demands for oil and protein cot -:ents. 
Thailand, for example, requires high oil (> 19 to 20 
percent) for extraction or export, while Indonesia, on 
the other hand, requires high protein (> 41 to 42 per
cent) for human and animal food. The elasticity of 
these requirements is unknown; however, local demand 
must influence breeding objectives. Similarly, various 
consumer preferences for seed and hilum colour, seed 
size, flavour, and so forth must be considered. 

In the United States large increases in protein and oil 
percentage have been achieved by selection. Studies 
suggest that similar advances are possible in subtropical 
Australia (270 S.). However, large genotype x environ
ment interactions exist, and testing of quality in several 
environments may be necessary in selection. It is possible
that certain environments predispose to high oil or high 
protein percentage. In view of the generally low farm 
yields in the tropics, breeding should emphasise yield 
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improvement initially, with chemical composition as a LITERATURE CITED
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4u ,ruiING THE USE OF SOYBEANS 

Soybean Varieties for Southeast Asia
 

Ricardo M 

In Southeast Asia soybeans are grown under conditions 
ranging from tlwso in upland areas to lowland paddies
following rice cultivation. In upland areas soybeans are 
grown as an intercrop or alone, often in rotation with 
cereal crops, during a period of seven to eight months 
of natural rainfall. In countries north of the equator the 
first crop is planted at the onset of the southwest mon-
soon in 'Mayor June. This season, often referred to as 
the wet season when rainfall is nonnally high, coincides 
with the period when daylength exceeds 12 hours. The 
second crop is normally planted in October or Novein-
ber. This period, when precipitation is low. is called the 
dry season, except in the equatorial zone between 100 N. 
and the equator which receives greater amounts of rain-
fall. During these months the temperature is lower and 
daylength is less than 12 hours, 

Soybeans grown after paddy rice are usually planted 
from December through January. and are usually ac-
conipanied with minimal tillage and by moisture stress 
in nonirrigated areas. Each of these three sets of growing
conditioms, i.e., (a) wet season upland, (b) dry season 
upland, and (c) dry paddy, requires soybean varieties 
with special adaptive features. 

Observations indicate that certain varieties from high
latitudes tend to mature early and produce an ideal 
plant structure of moderate stature and leafiness and,
therefore, high seed-stover ratio when brought to the 
low latitudes. They appear better suited to the wet, 
long-day season than the Asian varieties, which tend to 
he overvegetative during this period. On the other hand, 
the late-maturing but fast-growing tropical types are 
better suited to conditions of the dry, short-day season 
and dry paddy cultivation. This contention is substan-
tiated by data we have obtained under upland conditions 
at College, Laguna, Philippines (Table 1) . 

A number of such varieties originating in high lati-
tudces, notably those from the U.S. Midwest and Gulf 
states, have been introduced and acclimatized in the 
Philippines and other Southeast Asian countries. These 
varieties have performed well under tropical growing 

Lantican 

conditions, and some have already been used in commer
cial plantings. Likewise, a number of varieties native to 
the low latitudes in Southeast Asia have been grown 
,inder varying conditions of the upland and paddy areas. 
In1971 a project was initiated to briig together elite 

soyoean \arieties grown in Southeast Asia for uniform 
trials at selected locations in the Philippines, Thailand, 
West ,Malaysia, Indonesia, Laos, and Khmer Republic. 
The objective of the project was twofold: to determine 
the range of adaptation of different varieties in Asia and 
to maximize the use of any one variety found to be 
widely adapted in the region. 

This project was part of a larger project for uniform 
regional testing of a number of high-protein crops, con
ducted in cooperation with state universities and minis
tries of agriculture in Asia. The project was supported 
by the Southeast Asian Regional Center for Graduate 
Study and Research in Agriculture (SEARCA) which is 
headquartered in College, Laguna, Philippines. 

METHODS 
Eleven elite, early-nmturing varieties from the high

latitudes and ten Asian types released by the different 
national breeding p,'ogranis were used in the trials. The 
varieties were grouped according to the extent of vegeta
tive development and period of maturity. Group I va
rieties consisted of the early-maturing, short-statured 
types to which most of the high latitudinal lines belong;
Group II was composed of the late-maturing, tall-grow
ing, predominantly Asian types. Each entry was planted
in four rows, 6 meters in length. Each experiment was 
laid in randomized complete block design with four 
replications. 

Row spacings of 50 cm and 75 cm were generally used 
for the dry and wet season plantings, respectively. Hill 
spacings were 10 cm with three plants per hill for Group 
I, and 20 cm with two plants per hill for Group I1. 
Fertilizer applications were at 45-45-45 kg per hectare 
of nitrogen, phosphate, and potash, respectively. The 

Richarda M. Lantican: Institute o"Plant Broding, University of the Philippines at Los Bahos, College, Laguna, Philippines. 
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Table 1. Maturity Period, Leaf Area Index, Harvest Index, and Yield per Hectare of Two 
Groups of Soybeah~s Grown Together During Wet Season (May) and Dry Season 
(October), Los Bafios, Laguna, Phaiippines, 140 N., 1969 

Ma- No. of Av maturity Av leaf Av harvest Av yield 
turity Oriin of varieties period (days) area index index, (kg/ha) 
groups tested Wet Dry Wet Dry Wet Dry Wet Dry 

Early ...... 	 High latitudes 
32 -40'N. 29 87 77 1.62 1.85 46.4 46.1 1,226 1,126
 

Late ....... 	 Low latitudes 
2'-240 N. 25 124 83 7.57 4.86 24.5 39.8 955 1,843 

Proportion of total dry matter in the plant that went to seed development.
Source: Based on the master's thesis of C. D. Garaza, "Evaluation of soybean varieties on the 
basis of total dry matter and harvest index," July, 1971, University of the Philippines at Los 
Bailos, College, Laguna. 

Table 2. Average Bean Yield of Group I Soybean Varieties in Five Southeast Asian Countries, 1970-1974' 

Variety entry 	 Varietal Yield (ton/ha) Averageorigin Philippines Thailand Khmer Malaysia Laos 

Clark 63 .................... U.S.A. 1.75 1.66 2.413 1.19 2.82 1.98
 
TK-5................................ Taiwan 
 1.61 0.99 2.03 1.56 1.16 1.61 
Wayne ................................ U.S.A. 1.39 0.95 2.30 0.93 1.17 1.48

Lincoln ....... . .............. .... U.S.A. 1.65 1.01t 1.90 0.82 1.71 1.43
 
CES 16-17 ......... ........... Philippines 1.421' ... ... ... ... 1.42
 
CES 16-103.... . ..................... Philippines 1.421 ... ... ... 1.42

Hill................................... U.S.A. 1.45 1.28 1.90 0.89 1.44 1.39
 
A2-5440 ................................. U.S.A. 1.56 1.07 1.81 1.00 1.47 1.38
 
Bethel ................ ........... U.S.A. 1.50 1.11 1.17 1.34
1.57
SL..6 ....................... U.S.A. 1.32 ... 1.85 0.66 1.49 1.33
 
Williams................................. U.S.A. 1.24" •... ... ... ... 1.24

CES 16-23 ............................... Philippines 1.231, ... 1.23

L-2A ................................... U.S.A. !.39 1.14 1.16 0.76 1.55 1.20

M ultivar 80............... ................ U.S.A. 1 .11 b . . . . . . 1 .11
 
sJ- .................................. Thailand 1.12 1.19 ... 0.39 1.48 1.04
 
Bragg..................................... U.S.A. 1.08 0.97 
 ... 0.54 0.79 0.84
 
SJ-2 ...................................... T hailand 
 ... 1.42 ... 0.39 ... 0.90 
Local variety................................ 
 ... ... 1.33 ... ... 1.33 

Average of 2 to 4 seasons.
 
New entry, grown for one season only.
 

Table 3. Average Bean Yield of Group II Soybean Varieties in Five Southeast Asian Countries, 1972-1974' 

Variety entry 	 Varietal Yield (ton/ha) Averageorigin Philippines Thailand Khmer Malaysia Laos 

#29 ....................................... Indonesia 2.33 ... ... 2.33
 
SJ-2 ...................................... Thailand 2.05 1.24 1.86 0.69 1,.65 1.550

CES 434 .................................. Philippines 1.56 0.92 1.33 0.79 2.13 
 1.35 
1248 (Davros) .............................. Indonesia 1.29 1.46 1.74 0.58 1.61 1.34
 
945....................................... Indonesia 1.81 
 1.37 1.45 0.83 1.36 1.36
 
KE-32 .................................... Taiwan 1.81 1.59 1.09 0.95 1.35 1.36
 
Local variety.................................. ... 1.23 ... 1.23

L-114................................... Philippines 1.53 1.16 0.69 1.14 1.43 
 1.19
 
TK-5 ..................................... Taiwan 1.45 0.93 1.34 
 0.88 1.67 1.25
 
Americana ................................. S. America 1.86 1.11 1.45 0.80 1.00 1.24
 
Palmetto .................................. U.S.A. 1.75 0.94 1.50 0.58 1.42 1.24
 
Jupiterb ................................... U .S.A. ............
0.69 	 0.69 

' Average of 1 to 3 seasons. 
b New entry.
 
' Average of only one season.
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trials, which were accompanied by thorough land Frepa-
ration and good soil granulation, were conducted pri-
marily in the dry season and confined to the upland
system of cultivation. 

RESULTS 

The summarized yield data for Group I and Group IIvarieties are presented in Tables 2 and 3, respectively.Te data by individual country are appended in Tables 
4 to 13. 

Among the Group I varieties, Clark 63, an American 
variety acclimatized in the Philippines, showed a wide 
range of adaptation in the test locations. It consistently 
produced the hest yields in the Philippines, Thailand,
Khner Republic, and Laos, and wasdi second best ina. TK-5, a aosdeveloped nsecon beso 
did well, ranking first in Malaysia, second in Laos, and
third inathe Philippines and Khmer Republic. It didnt do too well in Thailand. Wayne and Lincoln, both ofU.S. origin, p Terforedfairly well, also,

Among the Group II varieties there was no clear di-cation of wide adaptation for any. particular variety.Location specificity in yield response was more evident a tiongthe varities. KE-32 from Taiwan ranked first inThailand and second in Malaysia. Variety 1248 (Day-Tas) from Indonesia was the second highest yielderin Khfnr Republic and Thailand. SJ-2, originating inThailand, yielded highest in Khmer Republic, second inthe Philippines, and third in Laos. CES 434. and L-114,Philippine-bred varieties, were the best yielders inand Malaysia, respaectively. Laos 
iWe 

DISCUSSION 
Both groups of experiments were carried out once a 

year during the dry season under upland conditions. 
Planting took place from December through January,

except in the Philippines, where Group I varieties were 

grown only during the wet season and Group II only in
the dry season. There was, therefore, no way of compar-

ing the relative merits of the two groups of varieties with 

the changing seasons, such as between wet and dry, or
between upland and paddy conditions. Nevertheless, it

is worth noting that 
some of the Group 1varieties repre-
sented by those from high latitudinal sources did well 
and gave good yields during the dry season, at times
surpassing those of the tropical varieties. In fact, current
data and those we have accumulated in the Philippines 
indicate the versatility of Clark 63 in both wet and dry
seasons. Clark 63, a Group IV or 136-day variety in the
United States, was grown mainly in the Midwest during
the mid-1960's. In Southeast Asia, Clark 63 matures in80 to 94 days. It is now a Seed Board variety in the Phil-
ippinies, recommended for wet and dry season plantings,

It should be pointed out, however, that the high lati-
tude varieties used in this trial have had a period ofabout a decade of acclimatization and adjustment in the 
Philippines. Some, like Clark 63, have acquired the 

adaptive features of their tropical counterparts for fitness 
to dry season conditions, probably because of natural
selection or genetic modification. It should be emphasized
further that if seeds of these adapted varieties are to be 
planted immediately for dry season culture, they should
not be imported directly from their place of origin. In 
our experience plants arising from such imported seedsfind themselves alienand adversely affectedto the new habitat and are easilyby prevailing short photoperiods
and moisture stress during the dry season. Consequently, 

they become unfit for commercial purposes. Use of di
rectly imported seeds for wet season culture seems satis
factory in our obsenation. 

The results of experiments have thus far been con
fined to upland growing conditions. We do not knowhow these varieties will behave under strictly controlled 
paddy conditions which are preceded by puddling oper
ations associated with paddy rice cultivation. Very recently we have extended the soybean trials over a ricebased system, in cooperation with the outreach locationsof the International Rice Research Institute's CroppingSystems program in several areas in the Philippines, Indonesia, Malaysia, Thailand, Burma, Sri Lanka, Pakistan, and Bangladesh. Now that we are coordinating ourexperiments with those of the INTSOY program, thevarietal entries have changed somewhat, and will changemore so in the future as new varieties evolve from ourintensive screening, breeding, and selection programunder paddy, shaded, and upland conditions at Los
Bafios, Laguna, Philippir.es. 

have made blends between the adaptive temperateand the tropical types. We have also incorporated genes 
for resistance to major diseases, such as bacterial pustuleand rust, into our gene pool. AVRDC and other national 
programs are making similar efforts. With these com
bined efforts it is reasonable to expect stable yields and
gradual increases of the yield potential of soybeans in
Southeast Asia to more than 2 tons per hectare. 
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D. E. Byth: Do your tests involve true Clark 63? What
is meant by "acclimatization"? Has a test been done 
on Clark 63 introduced from the United States? 

R. M. Lantican: No. The tests have been conducted
with plants selected or acclimatized in the Philippines
and not with newly introduced Clark 63. 

http:Philippir.es
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Table 4. Yield, Days to Flowering and Maturity, Plant Height, Protein Content, and Reaction to Disease of Group I Soybeans 
at Central Experiment Station, UPLB, College, Laguna, Philippines 

...... ......
 

Variety entry June 
Yield (ton/ha) 

Nov. June July Avrage 
Average numberof days to 
flower- ma-

Avplant 
height 

Aprotein 
oten 

Av disease 
r 

Bacterial 
1970 1972 1973 1 ing turity (cm) (i) pustule Rust 

Clark 63 ....................... 1.87 
Lincoln ........................ 1.96 
TK-5 .......................... 2.60 
A2-5440.................... 2.05 
Bethel.......................... 2.09 

1.49 
1.06 
0.80 
1.00 
0.79 

2.46 
2.59 
2.07 
2.24 
2.22 

1.20 
1.01 
0.98 
0.96 
0.91 

1.75 
1.65 
1.61 
1.56 
1.50 

32 
26 
34 
24 
27 

87 
85 
87 
84 
87 

63 
58 
57 
54 
57 

39.3 
37.1 
39.0 
37.5 
39.4 

2.5 
2.5 
3.8 
2.5 
2.8 

2.0 
2.2 
3.1 
2.8 
2.9 

Hill ............................ 1.37 1.12 
CES-16-17 ...................... .... ... 
CES-16-103..................... .... ... 
L-2A .......................... 1.59 0.98 
W ayne ......................... 1.75 0.78 
SL-6......................... 1.33 0.90 

2.29 
... 
.. 

2.01 
1.89 
2.35 

1.02 
1.42 
1.42 
0.97 
1.14 
0.81 

1.45 
1.42 
1.42 
1.39 
1.39 
1.32 

30 
36 
35 
26 
36 
25 

86 
89 
84 
82 
89 
84 

47 
80 
53 
63 
85 
56 

37.4 
.... 
... 

38.9 
38.4 
40.1 

2.5 

4.0 
3.5 
2.5 

2.6 
1.0 
1.2 
2.2 
3.0 
3.1 

W illiams....................... ... .... 
CES-16-23...................... ... . ... 
SJ-1 ........................... ... 0.95 
Multivar ...... ......... ........ ... ... 
Bragg.......................... 1.07 0.46 

... 
... 

1.30 
... 

2.10 

1.24 
1.23 
1.12 
1.11 
0.78 

1.24 
1.23 
1.12 
1.11 
1.08 

33 
33 
35 
30 
29 

89 
85 
95 
90 
86 

54 
75 
98 
58 
44 

..... 

... 
38.0 

... 
37.8 

2.5 
. . 

3.0 

1.0 
1.2 
2.9 
1.0 
3.0 

LSD.0o .. .. . .. .. ... . 0.51 0.15 0.22 0.23 
CV (% )........................ 20.03 12.00 7.28 
 15.09
 

o Rating system of 1-5, from resistant to susceptible. 
"Percent N x 6.25 (DMB). 

Table 5. Yield, Days to Flowering and Maturity, and Plant Height of Group I Soybeans in Thailand 

Yield (ton/ha) Average number Average
Variety entry 
 Jan.1973 1974 1974 1974 Averays height.t 


planting" planting" planting" plantingo Average flowering maturity (C111) 

Clark 63 ................................. 1.81 
 1.52 1.85 1.44 1.66 38 
 92 57SJ-2 .................. ............. 1.41 1.12 1.50 1.66 
 1.42 48 92 49 ......................................
H ill 1.44 1.19 1.37 1.12 1.28 42 89 49
 
SJ-1 ................................... 
 0.98 1.01 1.57 1.19 1.19 41 91
L-2A ................................. 0.71 1.40 1.47 0.98 

50
 
1.14 36 88 47
Bethel ..............................0.74 1.39 
 1.211 1.03 1.11 3fi 91 37
Lincoln .................................. 0.89 1.21 0.96 1.25 1.08 35 
 91 .10
 

A2-5440.................................. 0.99 1.04 1.41 
 0.82 1.07 34 89 54TK-5 .................................. 
 1.08 0.75 1.12 0.99 0.99 
 47 87 49
Bragg.................................... 0.811 1.10 0.99 0.91 0.97 
 36 91 23
W ayne................................... 0.53 0.64 
 1.40 1.22 0.95 
 49 93 6,1
 

LSD.
05  .. ... ..... .... ...... ...... ..... .... 0.45 ... .........
 
CV (% ) ....................... .......... 30 .42 
 ... ......
 

"Mae-Jo Agricultural Experiment Station.
 
"Prabutharat Field Crops Experiment Station.
 
Chainat Field Crop Experiment Station.
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Table 6. Yield, Days to Flowering and Maturity, Plant Height, Weight of 100 Seeds, Protein Content, and Reaction to Insect 
and Diseases of Group I Soybeans at Prek Leap Agricultural High School, Khmer Republic 

Yield (ton/ha) Average number Av crudeof days to Average crudeVariety entry Jan. 1973 Jan. 1974 plant Weight of Av100 seeds protein Avpestrating 
planting planting Average flower- turity height cne Disease Insect_______ing ma- (gm) (%) 

Clark 63 ............ 2.29 2.67 2.48 28 82 52.4 18.5 37.8 
 2 2

Wayne .............. 2.21 2.40 2.30 20 85 83.4 
 10.5 33.3 2 2

TK-5 ............... 1.82 2.24 2.03 27 
 79 46.1 17.0 29.9 3 2
 
Lincoln ............. 1.92 1.89 1.90 16 83 36.9 15.0 33.7 3 3
 
Hill................. 1.64 2.16 1.90 22 80 
 28.7 18.0 33.5
 
SL..6................ 1.72 2.08 1.85 
 16 80 37.4 15.5 33.0 3 2
 
A2-5440............. 1.81 ... 1.81 17 78 45.7 19.0 
 31.9 
Bragg ............... 0.72 2.12 
 1.42 17 83 19.8 18.0 38.6 2 2

local (Check)........ 1.07 1.60 
 1.33 28 90 37.3 13.0 34.3 3 2
 
Bethel ............... 1.30 1.24 1.17 21 84 35.0 20.5 36.2 3 4
 
L-2A ............... 1.16 ... 1.16 17 78 
 36.7 17.0 31.7
 

LS1.............. 0.48 0.45
 
CV (% ) ............. 21.11 15.00
 

' Rating system of I to 5, from resistant to susceptible. 

Table 7. Yield, Days to Flowering and Maturity, Plant Height, Protein Content, and Reaction to Diseases of Group I Soybeans 
at Serdang, Selangor, Malaysia 

Average number Average Av crude Average disease
 
Variety entry Yield, of days to plant protein rating"


(ton/ha) height content' Bacterial
flowering maturity (cm) (%) Rust pustule 

T K-5 ........................................... 1.56 
 33 77 43.81 30.9 1.0 1.0
 
Clark 63 ........................................ 
1.19 33 80 39.9 39.7 1.3 1.0
A2-5440 .................. ...................... 1.00 26 79 46.4 36.0 :.0 1.0
 
Wayne .......................................... 0.93 
 33 110 77.5 31.7 1.0 1.0

Hill ............................................. 
0.89 30 78 29.1 34.4 2.8 1.0

Lincoln ......................................... 0 .82 28 84 43.8 
 34.5 1.5 1.5 
L-2A ......................................... 
0.76 26 711 46.5 35.3 3.0 2.3
 
SL-6 ............................................ 
0.66 26 82 47.6 32.11 3.3 1.0
 
Bragg.......................................... 0.54 28 
 79 25.7 36.0 3.3 1.0
SJ-1 ............................................ 0.39 
 33 78 67.1 44.6 3.3 1.0
 
82 (Check)...................................... 
0.39 18 92 101.4 40.0 2.0 1.0
 

LS D.115.......................................... 0 .30
 
C V (% ) ......................................... 25 .11
 

October 1972 planting.

Rating system of I to 5,from resistant to susceptible.

Percent N x 6.25 (DMB). 
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Table 8. 	Yield, Days to Flowering and Maturity, Plant Height, and Reaction to Diseases 
of Group I Soybeans at Hatdokkeo Pilot Project, Laos 

Average number Average Average
Variety entry Yield of days to plant diseaseVarietyeny(ton/ha) heightflowering maturity (cm) rating1 

Clark 63 ........................... 2.82 34 94 58.5 1.5
 
Wayne ............................. 1.87 47 96 65.4 1.0
 
TK-5 .............................. 1.86 37 119 48.0 1.5
 
Lincoln ............................ 1.71 34 89 33.9 1.0
 
Bethel .............................. 1.57 34 119 32.8 1.0
 
L-2A .............................. 1.55 34 89 35.1 1.0
 
SL-6 ............................... 1.49 34 89 33.9 1.0
 

SJ-1 ............................... 1.48 37 93 54.1 2.0
 
A2-5440 ............................ 1.47 34 89 32.13 1.0
 
H ill ................................ 1.44 37 89 37.2 1.5
 
Bragg .............................. 0.79 34 89 25.2 2.5
 

L Sl) .n ............................. 0 .32
 
CV (%) ............................ 14 .13
 

December 1972 planting.
 
Rating system of I to 5, from resistant to susceptible.
 

Table 9. 	Yield, Days to Flowering and Maturity, Plant Height, Protein Content, and Reaction to Diseases of Group II Soybeans 
at Central Experiment Station, UPCA, Laguna, Philippines 

Yield (ton/ha) Average number Average Av crude AVerige (iseLaC 
Variety entry of lays to plant protein

' 
rating" 

Nov. 1972 
planting 

Jan. 1974 
planting 

Feb. 1975 
planting 

\ige flower- ia 
ingeoritying turity 

height 
(cii1) 

content 
(%Mposttdle Rust 

Bacterial 

#29 ..................... ... 2.03 2.64 2.33 33 115 50.6 33.3 2.5 
SJ-2 .................... 0.911 2.36 2.81 2.05 34 92 53.7 38.0 31.3 1.11 
Americana ............... 1.15 2.19 2.26 1.186 31 89 65.2 41.4 2.0 2.0 

945 ..................... 1.06 2.01 2.35 1.111 33 115 80.4 38.3 4.3 2.3 
KE-32 .................. 1.25 1.72 2.46 1.111 27 117 48.2 39.7 3.3 2.5 
Palmetto ................ 1.03 1.119 2.34 1.75 29 ffl1 65.1 38.2 3.11 3.0 
GES 434 ................ 0.115 2.61 1.23 1.56 36 93 79.1 39.3 2.5 1.5 

L-I14................... 0.95 2.37 1.28 1.553 37 95 67.1 42.3 2.0 1.11 
TK-5 ................... 
1248 .................... 

0 . 76 
1.01 

1. 1) 
1.8110 

1.110 
1.05 

1.45 
1.29 

33 
29 

81 
93 

38.3 
52.5 

39.0 
39.9 

5.0 
4.0 

.3.( 
1.8 

Jupiter .................. ... ... 0.69 0.69 36 .. :.6.9 ..... 

LSD.,., ................. 
CV (%) ................. 

0.15 
1(.0) 

1.27 
13.93 

0.63 
7.40 

Rating system of 1 to 5, from resistant to susceptible.
Percent N x 6.25 (DMB). 
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Table 10. 	Yield, Days to Flowering and Maturity, Plant Height, and Reaction to Diseases 
of Group II Soybeans at Mae-Jo Agricultural Station, Thailand 

Average number 	 Average 
Average plant downyYield of days toVariety entry (ton/ha)a n height (cm) mildew 

flowering maturity 	 ratingb 

40.9 1.8KE-32 ...................... 1.59 41 92 

43.4 1.8
1248........................ 1.46 	 43 90 


945......................... 1.37 	 40 90 56.2 2.0
 

42 96 58.9 1.0
SJ-2 ........................ 1.24 

43 	 103 50.1 2.0
L-114....................... 1.16 

38 98 38.0 1.0
Amnericana ................... 1.11 


93 	 1.8SJ-I ........................ 0.99 	 40 62.5 

92 	 1.3Palmetto .................... 0.94 	 40 65.9 


43 91 42.1 2.8
TK-5 ....................... 0.93 

CES 434 ..................... 0.92 
 62 	 105 82.9 1.0
 

LSD,n5...................... 0.39
 
CV (% ) ..................... 23.07
 

January 1973 planting. 
Rating system of I to 5, from resistant to susceptible. 

toTable 11. 	 Yield, Days to Flowering and Maturity, Plant Height, Weight of 100 Seeds, Crude Protein Content, and Reactions 
Pests of Group II Soybeans at Prek Leap Agricultural High School, Khmer Republic 

Yield (ton/ha) Average number Average crude
of dlays to plant Weight tinAv 

pest rating' 
Variety entry Jan. 1973 Jan. 1974 height (gin) content" Disase Inset 

ma-	 (cm) (%)Anerage flower-planting planting ing turity 

SJ-2 ...................... 
1248 (l)avros) .............. 
Palmetto .................. 

1.97 
1.70 
1.50 

1.75 
1.79 
1.50 

1.86 
1.74 
1.0 

28 
211 
27 

88 
86 
87 

57.7 
51.9 
69.0 

14 
16 
13 

41.5 
42.0 
37.9 

2 
2 
2 

3 
3 
3 

945 ....................... 1.51 1.39 1.45 26 85 83.9 18 34.11 2 3 
Americana ................. . 
TK-5 .......... ......... 
CIES 434 .................. 

1.39 
1.36 
0.99 

1.52 
1.33 
1.67 

1.45 
1.34 
1 .33 

28 
28 
36 

90 
81 

104 

47.9 
39.2 
60.8 

21 
22 
20 

38.0 
39.4 
40.5 

2 
2 
3 

2 
3 
3 

Local (Check) .............. 
KE-32 ..................... 
SJ-i ...................... 
l.-I 11 ..................... 

1.20 
0.94 
0.76 
0.53 

1.27 
1.24 
1.42 
0. 11-) 

1.23 
1.09 
1.09 
0.69 

21 
27 
28 
37 

88 
88 
88 
104 

52.8 
38.0 
60.4 
38.9 

18 
14 
18 
18 

33.8 
37.9 

... 
40.7 

3 
3 
3 
3 

2 
3 
2 
3 

|,SD ., .............. 
cV (% ) ................. 

..... .38 
21.03 

0.49 
24.1)0 

Rating system of 1 to 5, from resistant to susceptible. 
Percent N x 6.25 (DMB). 
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Table 12. Yield, Days to Flowering and Maturity, Plant Height, Protein Content, and Reaction to Diseases of Group II Soybeans 
at Serdang, Selangor, Malaysia 

Average number Average
Yield" of days to plant

Variety entry (ton/hla) - Iight 
flowering maturity (cm) 

L-114 ............................................ 1.14 40 93 54.6 

KE-32 ........................................... 0.95 37 78 53.2 

TK-5 ......................................... 0.88 33 78 44.0 


945 .............................................. 0 .33 37 78 76.3 

Americana ........................................ 0.80 36 88 419.2 

CES-434 ....................................... 0.79 40 89 60.7 


S2 (Check) ....................................... 0.69 46 90 72.8 

SJ-2 ............................................. 0.67 36 81 63.5 

1248............................................. 0.58 38 79 59 .1 

Palmetto ......................................... 0.58 311 79 61.7 


LSD.o5 ........................................... 0 .35
 
CV (% ) .......................................... 34 .72
 

November 1972 planting.
 
Rating system of 1 to 5, from resistant to susceptible.
 
Percent N x 6.25 (DMB).
 

Table 13. 	 Yield, Days to Flowering and Maturity, Plant Height, and Reaction 
of Group II Soybeans at Hatdokkeo Pilot Project, Laos 

Yielda Average number 
Variety entry (ton/ha) of days height (ci) 

flowering maturity 

CES 434 .................... 2.13 44 113 79.5 

TK-5 ....................... 1.67 41 92 39.0 

SJ-2 ....................... 1.65 41 97 43.0 


1248 ........................ 1.61 41 91 42.7 

L-114....................... 1.43 43 99 37.4 

Palmetto .................... 1.42 41 92 52.11 


945......................... 1.36 41 92 47.1 

K E-32 ...................... 1.35 41 911 31.0 

E.G. Special ................. 1.18 41 91 13.0 

Americana ................... 1.00 41 97 29.5 


LSD .	 0.36
05 . . . . . . . . . . . . . . . . . . . . .  CV (% ) ..................... 17.01
 

December 1972 planting.
 
Rating system of I to 5, from resistant to susceptible.
 

Average
crude protein ege 

content, rust 
ratingh 

38.3 1
 
35.6 2
 
30.9. 1
 
33.5 2
 
36.5 2
 
40.4 3
 

40.0 2
 
32.11 4
 
41.4 3
 
38.4 3
 

to Diseases 

Average
 
disease
 
rating"
 

1.0 
1.0 
1.8
 

1.0 
1.5 
1.0 

1.0 
1.0 
1.0 
1.0 



1'I EXPANDING THE USE OF SOYBEANS 

Variety Performance in the Tropics and Subtropics 

D K Whqham 

I],, I IIivlrsity (If illinois began tesing soybeans il tile. 

sollb lopics :ll)(lllt tell years ago. hlllii was tile firt of 

(itl wlicih the University (:oople':ted I-
(1lllries with 

fore tile establis llwi'll of Ile h!titernatiolli Soybean Pro-
gaIl;' ( IN''S( )Y) ill1973 (I)e\'eloplen't Iliti ood 
l ilizathin of Soybeans, 1973). ThIlliterllatio'l S.oy-

b.all Variely Evaliatioll 'JXI)(rillellt (ISVi"X) was imi-
tiated ill 1973 as ; palt of INTSOY, solpporledIhy tile 
hlliitli. States Ag-nlcy for ut1ril'atioll I)-'eloiloent. 
ISVIX is tile fitst st:Igl (If a bri'eding pIrograill t) idel-
lify allalteld geri Ilasl~l alrd esilr-ble plant (ci:lracteris-
tics for illl)r(Ivillg soylilall )ro(lcti(onI aidl Iutilizatioln ill 
dwn Itroics.,.and subltropqics. Informainl;l(l fromn ISV'IEN 

Ilving wlinld b~ytilt,
i.s INTIS )Y pIa tbI-xeeIhdig ])orav'in 


illlJprovelllellt.for \;l].ielal The1 lb~ictiv',s (If ISVI",N ale 
lo: (a) Ist tile adiIlltatillI (If s(lyb'an clllivals I11 '1r 
.1 i d i~ lli. nll'I-] (colldlioll.s; (b)) plrovideol e'livirl-I llt 


r ll'l'a(i'h wrkrsl oppolll) to lcolljiar lll(i' :i1 Illity loc a 

ill tfl-droI(llltivars: (c)prov (id a soll .of 
1)1illlli whic( )c1ly r, It il y i o-h( l vl (ll5rlgl ,rllVar 
rl illi , esing p 'oga ; W ) ivl lify lIdn ll il'sl' o(fth 

wo15ld IhlIt llnti for s y)('alle p(f ti ih khaivl'cI ial on' 
and (0ldwld('(i of , ill toil dult's 0111 .soyhivallei ('€,r('li 

I(l(ilvllillells. 


'il; lmllln I Ih 1SV( c a n, 1er)t s l 5I i tete(, 
I-laevl' ('(ffrlltl60 sites nill 27 The expeimncoirris. l 

hIte 201 scei (tilh fi vario ti itesldtil vors us llstlhl't jlli s. Th'l l t ll " w (ed w idh:l(,dS ta teh e c V ll relresvl .1 
ra ng e~lo f[g.vlllo a lld c tlebistic n ilyp ~ic ])hi,illtyp~ic ch all'a r .a;l 

had1(sollme rnsi.s.tat- to) hllowln pests. Becausei. ( 4 f" lacI k 
tolif{)ril ofof"aI .l((.C supl]y , tes.t.ingl(cuhivairsfroli othe:r 

(co lllllrihwas not possile, Ii OY l]loolOls at Iecllerayo 


sih's ill(.hll edo ble llr se I.'l ltivsit ill tilll 'iXl)l.ri-lillit ho co)lil'l lh I)trfo)rllll(:c thait of the~Ih with 
ctlti\vati,suppllied 1)y,INT.'I'l. Thecon(')ld ISVi", 
(\Whighaini, 19176) , i whic'h 15 c'thi\':rs were'(Ivsti:(, 
hals p)roduceld data~ fromn 86t siltes ili3.'9cinivis, IFaichl 
site, re'nive\ld tilt! s.'ille ,set~o liftiwirs for l~sling. 

(:oininuicat(liioli Ibt-lwve'n INTSOY anid l;( (coopmler-
Itir$Iliilillililw(d by)hltters, on-,siltvisits, anid Iil'etliligs.is' 


Ntiii(crotih', It('l'os we'e exclllngeid with ihei coli)eltolr 

to keep him iforlled abhout results fron );ist expl'ri
nIeills and pllls for fuiture cooperationl.. Wilewve:' pos
sible IN'SOY stall, visit tIle sites to hl)('(oille Iettel ac:
(llail'tl'l withln t lw 'ooleralor, to 1bslve ile trial and 
other soyl'eall n''sea'lh, to (iscuss Ilw results of J)rl'vio ls 
work and tihfllowe, solve anyplans for andlo help1 
problels whicl Ihave devel.hld. illrnatiolulll coInfer
eiwes and workslops also perilit till' loorlatolrsto m(.et 
witi IN'I'S(Y slll' and discoss tleir wI k. 

h'clue. ISVI\'X is a c(I(Iilerativle Il gralli, tIlv co
oplJ'lathor IlISt rll(Illl rihllwlt ill ((ier lIrlaticianl . delI 

la alldIl ust Ibe 10 p:11id ' (tl,0 I
I l willing ir{lvihI l ll ( 1 :),
labor, fi'rftilizer, ;md (l~l IN'IS()Ymanageent. n(ccIssarIy, 

pl-o\'idhs Ite i ld'€ l:1ll, 'lll ns, dla bookd, ;and,il{'lo ills"[l' 


Volliltel f'lcilitivs Il data allalyses. lIsllls fromlll ilw 
I'x An-lilllelltall ' retlrlled tI)til' ('()IHlol'lilt- forllltilizatilll. 

ISVEX PROCEDURES 
l(lnti iew 


(:lll 'iohI vi a or S oi til cc'(ifil i l'(I sa 
e ll'(ill,o tl(f a 'h filei II .ih lanf Illit-l-an 

iIltl ( ll ro' e .;h ld and li; l de
s islt'l(Ifn .s er sw ka ed f ro wee' is pac r individual ws :ll 

rNhhdiize d befe' shi p ie 'ltolll 't l Ifor o o r.i rcsh 

l( 5l wllhlws vshi ll d with Ih" s . I)vlA i l lpolo
liols for I.xlrill(,lal ierI ect1Ilritll d (11;:cllltlio 
w4 'ofr l il ' g: I)fiedook1. il lll tipili fIlltprovidith
lwrlia s b~y;fit- h o f) adn~llls W wa Id to ) l oss. ill' 

noill ll ll b ilily ( 1 so hlive€ry o
\ia :illdh i ' dIeII fo r' lpliIIIIIIn 

planllting tlile(. 

'al' lawTlhe cltiva,;r. e l ll,(i''l:an railldlonlize., comll

t teIlock (aItll wpill fo lu intic t deats. tude,i 
sis(I of f(tlr r(lws (I )lll t ill ali rvewsti % It. lg , i 1i6illlong- ill tilt! first ISVI", , bult \w're. redticed to 5 Ilifor. 
(itSl((ondt (,Xl)vrinlllt. F"ive€ Of th(w ce(!1|terIIleterIs two 

rowsv wecre'hbailVe(eld in )llhti.vx~inntsi,., A plantoil l)
laill o~f 1,t0)(ll h]iits peri hctaire wa o.lilltllin. 

T ' co provl\ide~d gllie.,ral informion bolit.ll.illelp-iltir 


e.,xper'illiil 
so)il :oindithins dlesl:of p~laingl. llid liairvestilig, inlotilit 

tilt! site. anid tlht! inluinghla]ilhlithe, lilliie,, 

of ilOi.stilIe, ised, uhiit tested,fertiiIiel lIocil rs aind 

D. K. Whlgham: Department of Agronomy and INTSOY, University of Illinois, Urbana, IIlinois,U.S.A. 
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pests of (he environmiienit. In this p)aper I will use dalta 
from individual plots to discuss the following agr omic 
characteristics: yield (kg/hia), 100-seed weight, days to 
flower, days to imaturity, )lai height at liaturity, and 
pods per plant. 

EXPERIMENT SITES AND SOYBEAN CULTIVARS 
The Iirst IS'VIX testl~d a wide ililge: of tlivhinliet'il 

Cinditions repireseniiliig liit ui ',,e ti'r ii o '0" S. to I '' N. 
iid altitudes fromi 9 Iii to 1,803 ill. 'Ilie second(l ISViX 

rreeirsented eiii\ 'ouiiioiitS of 27" S. to .10" N. latiiude 
niidfroi 0 Ini toI ,150 ni ailude. I,dical oiios 

tated the optillnllil p)laniting tilic at each site, and plant
iiigs were niiade tihrotigluout the testing ?ones duriig ichi 
illoith of II(! year. E~(lh of sev'ral sits (oilduicml the 
('xp('iiivilt (iring iliore tliin olle sWi.soill. ''a le I idhli-
tifies the coiities (oop)tiinig in ISVX-I and 2. 

'Ti'bhl 1. Countries Where First and Second International Soy-

lean Variety E valuiation Exlie'rinients Wert- Ield 

Regiohn1 ( 1il ISVIX mllilri 

A frica .................. A ll gotl. 
( 'l' ,'Egypt
I,lillp lii 

2ullllt .iliud2
I aind '2 

Iithiupia t ant 2 
(01t 4111k 
Ivory (Coast 

I aun t 
2 
I 

2 

Nitel'i '2 
Rhdtesil 2 
.Srl'a teouui. I ili 2 

Soliaitiii I 
,sizillild

T.-Iliza~llial 
2 
I 

Zambillia 2.I 

lt .................... iA fgha ililI n I adilt 2 
Indii I iid 2 
Iiotu i'.siiiMIaavlysh I an i 2I mmmitl 

Nr 1 'I 
Ilaikisiaii 
I'llilii.ir 

I aind 2 
I a d 2 

Sri tamikm I andil 2 
'I'umi111m'i'aiim U t anidII illit22 
Vhiaili d I aund 2 
Vitilain I 

Ititl(i, ................. .spalln 2 

M i ill ri'l ............ IBtliz i 2 

I)ominiin He, tbtllei 2 

I S ilvador 2 


M t'xicoi t and 2 

Nicareaguia I 

I' liuiuuini2 

t'lllto Rimo I anod 2 

Trillhita 2 


Nhllht' I."Itst ............. Irilli 2 

iutel 2 


Jlordli 	 I aind 2 

i.eI lllnon 2 

S hud 2
Araiauii 

Syria I 


8ImiIi h Allit ri'a ........... 	I livii 2 

(:olom bia I tmid 2 

EIctiltorn" I aid 

(uiyaill 
V e'lleztl li : 
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In order to set riesonale limits to the enviromental 
ranige, tihe test sit ('S welr divided illt to . lles detei'liu td 
hy units of 10' latitude and 500 Ii altitude ('2al) ' . 
Within va'lh Zonuie tlei,' was u'oiside':llale variation ill 
tilpriaturli, nlioistuii', aid r;adiation. Resuhls from zlOes 
,1	 IN" and VII will Nt discussed il this pap.r. 

I'lle first ISVIX inucluidhd 20 'ulti\'iirs ('r:ih 3)l 
)rres I.JS. groupii)s thiroigli 'l'elltilig iillatuil, I IX. 


iillblr of litries s 	iwads l todIto15 for the stcond
ISVEX. 'l'welvt culiv'is were coimi mioni to lS\ 
and 

RESULTS AND DISCUSSION 

'Falde 4 ireseits the illean l'ali's for ie1 hmajor aigl'(i
uililic cihailiaclristics illasillid. Zolles I, IV, auid VII
 
it,)res( ilt the I o sir iltli suill)rtopcirs :at ahitiies less
 
thii 50) i1. (lomulpaurisons otnee aliil'S years wvr
 

'Ti'ahe 2. I"0iviromnll'ntal Zones for First anlid Sec,'ond Ilnterim. 

lingual Soybein Viriety EvaIuiation liefriietils 

/ 	 ltile I, otl Allitict 

I .. I i ' ". 

1........ '. +10 "',i b' oI,)


Ill. 	 ".12((Ill'l'> l ili
I I" '*1'%+_:
I #. ......... .. .. ... I f i 1 000
 

IV . .t I1 ,21)59' 
V .... .. .......... .... 1.1 "tt tmo 
Vi ....................... I " 1",9' > *+ ,(Ji 
V.IsIilVI1 .. . .. . . ... . . 1 :0 591 < #rl(x) 
VIII .... .... 2 1"5!' t IU 
IX . ........... 21 :1',"5' > .'(lloll
 
X.......... ................ to'l" i' < *500
 
XI ................. .. 31 .1(1"51' il I..I,lloo
 
XII......................10",5' > +*[,0(HI
 

." 11:1ihi - ioh, lr.lu lh1: 


.-. go h lu . 

'-I'ahhl' :t. S~iyhralmi ( uIt iviers Trest'd in First :ind Seco'{nd Ihmitr

national Soybea n Variety Evn'iiion Experilmemnti 

tU .S. mlliutrily ISV ' 
(tivlm' 

...
 

. .... ....................... IX I and 2
 
1li ii 266A ................ \ It1 I ant 2
 
IIlotde...................... V I I t 2
 
r uiitelli . . . . . . . . . . . . . .. . . . . . . . . I t I
 

tpinv t P'elicamn .............. \ 111 I ad
 

Ih sir ....................... V\ I '2
 
Bragg ........................ V II I and '2
 
Svililliis .......... ........... VII I ant 2
 
I)avis ........................ VI t illi l 2
 
t1c'r !ill V I
....................... 	 I
 
tlickeltt 71 ..................... VI I
 
'ri y.......... ............. VI 2
 

a)nl' . ..................... 	 I
.. V 

Ftl mr t......................... V 2
 
Ilill .......................... V I andt 2
 
Iltlilhs ........................ IV I anid 2
 

:lark 63 ...................... IV I ando 2
 
Ct.im 'rr71 ..................... IV
 

Aht phiai...................... III
 
(011111111 	 II 2
............. ......... I anid 

%Villimli' ...................... III I und 2
 
I llumosoy 6's ................... II
 
1lark ......................... I
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Table 4. 	 Mean Values for Agronomic Characteristics During
First and Second International Soybean Variety
Evaluation Experiments 

ISVEXCharacteristic number 

Yield (kg/ha) .............. 	 1 
2 

100-seed weight (g) ......... 1 
2 

Days to flower ............. 1
2 

Days to maturity .......... 1 
2 

Plant height (cm) .......... 	 1 

2 

l'ods per plant ............. 2 

Agronomic data 
from three zonesI IV VII 

1,754 1,649 1,428 
2,260

17.6 
1,928

15.6 
1,221

13.5 
18.3 16.5 12.3 
30 
30 

35 
34 

35
42 

89 98 99 
94 98 114 
39 
45 

39 
48 

46 
67 

29 31 44 

Table 5. 	 Mean Maximum Yields for First and Second Inter-
national Soybean Variety Evaluation Experiments 

ISVEX number 	 Yield (kg/ha) in three zones
I IVmber 

...................... 2,358 2,031 1,872 

2...................... 2,546 2,370 1,695 


possible for all agronomic characteristics except pods per 
plant, which were not measured during the first ISVEX. 

Grain yield. Yield was highest in zone I for both 
ISVEX-1 and 2, but decreased in both experiments as 
latitude increased. However, the yield differences varied 
more in ISVEX-2 friom zones I to VII with a difference 
of 1,039 kg compared to 326 kg in ISVEX-1. The great-
est difference occurred between zones IN' and VII in 
ISVEX-2. In both experiments less favorable environ-
nients for soybean production were represented by sites 
in the subtropic areas. Yields were considerably higher 
for zones I and IV in ISVEX-2, but lower for zone VII 
because a few individual sites with unfavorable environ-
mental conditions produced extremely low yields. Im-
proved cultural management by the cooperators and the 

use of better adapted cultivars resulted in the increased 
yields in zones I and IV during ISVEX-2. Mean maxi
mum yields across all sites within these three zones are 

shown in Table 5. Maximum yields showed the same 
trends as the mean yields (Table 4) but at a higher
level. Mean maximum yields were a brtter indication 
of yield potential, since poorly adapted cultivars were 
also included for the mean value of all entries. Cultivars 

which produced the maximum yield varied from site 
to site. 

Table 6 shows the maximum grain yields over 4,000 
kg/ha reported during both experiments. Most of the 
high yields were produced in zone 1. The two sites that 

produced yields greater than 5,000 kg/ha were in zone 
I in ISVEX-2. Of the 10 cultivars indicated in Table 6, 
Jupiter produced high yields most frequently. Yields of 
more than 4,000 kg/ha at so many sites indicate that 
many tropical and subtropical environments do ha'e the 
potential for soybean production. 

Seed weight. As latitude increased seed weight de
creased. Compared with seeds produced during ISVEX1, those 	produced during ISVEX-2 were larger in zones 

I and IV, but smaller in zone VII. Grain yield and seed 
weight trends were the same in both experiments. The 
highest mean seed weight of 18.3 g/100 was associated 
with the highest grain yield in zone I of ISVEX-2. The 
lowest mean seed weight of 12.3 g/100 occurred in zone 
VII of ISVEX-2, as did the lowest mean grain yield of 
1,221 kg/Ia (Table 4). 

Days to flower. In zone I the number of days to flower 
was the same for ISVEX-I and 2 even though the cul
tivar entries varied between experiments (Table 3). Day
length, which is determined by latitude, was the major 
factor that controlled flowering. Days to flower in zone 
IV differed by only one day between experiments. In 
zone VII the mean number of days to flower varied by 
one week between experiments because of changes in 
cultivars and testing sites. ISVEX-2 showed an increase 
in days to flower as latitude increased through 30'. The 
number of days to flower in ISVEX-1 increased only 
through 200 latitude. 

Table 6. Maximum Grain Yields Over 4,000 kg/ha During First and Second International 
Soybean Variety Evaluation Experiments 

Country 

Bolivia 
Colombia 
Ecuador 

Guyana
Iran 
Mexico 
Nepal
Pakistan 

Sri Lanka 

Venezuela 

Site 

Abapo-Izozog
Palmira 
Boliche 
Portoviejo
Mon Repos
Karaj 
Chiapas 
Khumaltar 
Mansehra 
Swat 
Swat 
Kilinuchchi 
Mala Illuppallama
Thirunelvely 
Maraeay 

Yield(kg/ha) 

4,392 
4,530 
4,621 
4,281 
4 140 
4,886 
4,896 
4,300
4,911 
4,826 
4,493 
5,392 
4,003
4,428 
5,465 

Cultivarnumber ISVEX 
Zone 

Davis 2 IV 
Jupiter 
Bossier 

1 
2 

II 
I 

Hardee 1 I 
J,'miter x F67-1533 
Cnland 

2 
2 

1 
XII 

Hampton 266A 
bonus 
Jupiter 

1 
2 
I 

IV 
IX 
XII 

Lee 68 1 XII 
Williams 2 XI 
Davis 2 1 
Williams 
Improved Pelican 

I 
2 

I 
1 

Jupiter 2 I 
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Days to maturity. In both experiments the number the top six entries in zone VII, performed better during 
of days to maturity increased as latitude increased. Zone ISVEX-I than ISVEX-2. Davis and Improved Pelican 
IV had the same number of days to maturity in both were consistent in all three zones during ISVEX-2, and 
experiments. ISVEX-2 required more days to mature in zones I and IV during ISVEX-I. Jupiter made a 
than ISVEX-I in zones I and VII. Longer days at the strong showing during ISVEX-2 in zones I and IN'. 
higher latitudes resulted in later flowering and a corre- Although cultivars responded differently to the environ
sponding delay in maturity. ments of individual sites (Development and Food Utili-

Plant height. As latitude increased, plant height in- zation of Soybeans, 1973: Whighan. 1975 and 1976), 
creased, with the exception of zones I and IV during preliminary evaluation of soybean cultivars could start 
ISVEX-l. The change of cultivars between experiments with those listed in Table 7, provided that the testing site 
allowed the ISVEX-2 mean v' lues to be greater in all falls within the environmental limits of zones I, IN' 
three zones than during ISVEX-l. Plant height was af-" or VII. 
fected by the longer days and the longer maturation 
period of the higher latitudes. However, more days to SUMMARY 
maturity and greater plant height did not h;ive a post- Within the environmental limits of the experimental 
tive effect on yield or seed weight. fields, i.e., from the equator to 300 latitude and less than 

Pods per plant. In ISVEX-1 the number of pods per 500 m altitude, the mean values for each designated 
plant was not determined, but results front ISVEX-2 experimental zone (100 latitude) indicate that yield and 
showed an increase in the number of pods as latitude seed weight decreased as latitude increased. The number 
increased. Taller plants with more days in which to of days to flower and days to maturity increased as lati
develop produced more pods. Nevertheless, in zone VII tilde increased. Plant hecight at maturity and pods per 
the larger number of pods did not compensate for the plant increased as latitude increased. 
smaller seeds, because grain yield was less in this zone 
than in the other two zones. Seed number was not inca- LITERATURE CITED 
sured in either experiment; however, by assuming that Developmnt and food utilization of soybans: A summary re
the mean plant population was 400,000 plants per' hec- port of activities and findings. 1973. Univ. Illinois, College 

tare (desired population) , the number of seeds per pod of Agriculture, Urbana: Agency for International Develop
was calculated to be 1.06, 0.94, and 0.56 for zones I, ment, U.S. Dep. of State, Washington, D.C. I148 p. 

IV, and VII, respectively, for ISVEX-2. Therefore, seed Whigham, D. K. 1975. International soybean variety experi
ment. First report of results. Univ. Illinois, Urbananumber decreased a latitude increased, thus following 
(INTSOY Ser. 8). 161p.

the same trend as grain yield and seed weight. \highani, D. K. 1976. International soybean variety experi-
Mean rank of the cultivars for high grain yield by ment. Second report of results. Univ. Illinois, Urbana 

zone and experiment is shown in Table 7. Hardee was (INTSOY Ser. 11). 227p. 
the most consistent for high yield in zones I and IV 
during ISVEX-1, and was among the top six entries in Discussion 
all three zones during ISVEX-2. Bossier, a new entry in 
ISVEX-2, was the most consistent for high yield across J. N. Sasser: Did you record whether or not root-knot 
zones I, IV, and VII. Williams, which appeared among nematodes and/or soybean cyst nematodes were pres

ent in the test plots? You included in vour" test some 

Table 7. Mean Rank of High Yield Cultivars for First and varieties that are root-knot resistant, some that are 

Second International Soybean Variety Evaluation resistant to the soybean cyst nematode, and some ap-
Experiments parently not resistant to either. Therefore, a considera

tion of whether or not the nematodes were present
First ISVEX might be helpful in explaining the results that you 

Zone I (24 sites) Zone IV (20 sites) Zone VII (5 sites) observed in yield data. 

Hardee Hardee Williams D. K. Whigham: Root knot and cyst nematoccs are in-
Williams Clark 63 Pickett 71a eluded as diseases to be identified and rated by the 
Davis Improved Pelican Lee 68, cooperator. However, because of the lack of knowl-
Hampton 266A Cutler 71, Clark 63 
Cutler 71' Williams Bragg edge about nematodes and the difficult), of sampling 
Improved Pelican Davis Harosoy 63, soybean roots, we have received no information about 

these organisms from our cooperators. I have recom-Second ISVEX 
mended that specific experiments be established to 

Zone 1 (37sites) Zone IV (21 sites) Zone VI1 (6sites) examine such problems. 
Davis Jupiter Bossierm K. R. Bromfield: There are reports of the presence of 
Bossiern Bossier& Tracy" Phakopsora pachyrhizi, the soybean rust organism, in 
Improved Pelican Calland Williams 
Jupiter Improved Pelican Hardee cowpeas in Africa. Has soybean rust been observed on 
Hardee Davis Improved Pelican soybeans in your INTSOY trials in Africa? 
Calland Hardee Davis D. K. Whigham: We have not received any reports of 

'Cultivars not tested in both experiments, soybean rust from our cooperators outside of Asia. 



.i8 EXPANDING THE USE OF SOYBEANS 

Seed Quality and Storage of Soybeans 

j C Delouche and E D. Rodda 

Soybean farmers in the United States recognized earl), 
that soybean seed was somewhat different from the seed 
of almost all other crops, such as maize, wheat, cotton, 
and sorghum, with which they were familiar. Very often 
soybean seed germinated poorly even immediately after 
harvest. Germination further decreased during storage 
to the extent that by the next growing season the seed was 
worthless for planting. Ordinary seed-saving practices 
used by farmers for self-pollinating crops that require 
replacement of the seed only every three or four years 
did not, and still do not, work well for soybeans. 

Some farmers did learn through experience how to 
produce and store soybean seed of satisfactory quality by 
installing basic facilities. These farmers have been able 
to save their own seed over several cropping seasons, but 
they always have the option of obtaining the necessary 
planting seed from commercial sources or a neighbor 
whenever their own seed production eflorts fail, which 
is rather frequently. Other soybean farmers, perhalps the 
majority, have turned increasingly to the specialized, pro-
fessioial seed producers and companies, in other words, 
the seed industry, for their seed supply. 

Production of quality soybean seed is not without 
prol)lems and risks, even for the specialists and profes-
sionals. However, their experience, facilities, and otlr 
resources, as well as their concentration on the single 
task of producing quality seed, have permitted the de-
velopment of a responsible soybean seed supply industry 
capable of delivering moderate to good quality seed in 
quantities ample enough to meet the needs of soybean
farmers, 

ATTRIBUTES OF SEED QUALITY 

Soybean seed quality encompasses several important 
attributes: 
1. 	Genetic purity. Cultivar purity is important from the 

standpoint of both total performance and uniformity, 
especially uniformity of maturity, 

2. 	Physical purity. Soybean seed should contain a min
imum amount of inert material and should not be 
contaminated with the seed of weeds and other crops. 

3. 	Germination. High quality seed should have a 
germination rate of 85 percent or higher. 

4. 	 Vigor. The germinable seed in a lot should be vig
orous enough to emerge rapidly and uniformly under 
a broad spectrum of seed bed conditions and to de
velop into rapidly growing, productive plants. 

A\though the most chronic and difficuh seed quality 
problems in soybeans relate to germinability and vigor, 
serious problems can also arise in connection with culti
var and physical purity. 

QUALITY OF SEED ENTERING STORAGE 

The success of seed storage is largely influenced by the 
degree to which the seed has deteriorated prior to storage. 
Soybean seed subjected to weathering before harvest or 
severely damaged during harvest does not store well even 
though it may germinate moderately well after several 
months in storage. 

Field Environment 
The quality of soybean seed is very much affected by 

climatic conditions from the time seed moisture first drops 
below 25 percent during the postmaturation drying phase 
until harvest. Physiologically mature, the seeds are in 
effect stored in the field during this period. Frequent or 
prolonged precipitation during the postmaturation, pre
harvest period result3 in severe deterioration of the seed 
because of alternate wetting and drying. Conversely, a 
reduction in the physical and physiological quality of soy
bean seed has been associated with hot, dry weather dur
ing harvest. 

Harvesting and Threshing 
The harvesting and threshing process is probably the 

most critical phase in the overall soybean seed produc-

J. C. Delouche: Seed Technology Laboratory, Mlssissippi Agricultural and Forestry Experiment Station, Mississlppi State University, Mississippi
State, Mississippi,U.S.A. 
E. D. Rodda: Department of Agricultural Engineering, University of Illinois, Urbana, Illinois, U.S.A. 
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tion and processing operation. Seed quality can be seri- for drying seed with about 16 percent moisture. For seed 
ously affected during this phase in three respects. First. with moisture contents above 16 percent, supplemental
improper cleaning of the combine or threshing machine heat and air flow rates, about twice those given above. 
and incautious operation are major sources of cultivar are usually necessary for effective drying. In bulk storage
contamination. Second, the timeliness of harvest is most the depth of the seed to be dried should not exceed 4 
important in minimizing field deterioration. Finally, me- feet, and temperature of the drving air should not exceed 
chanical abuse during harvesting and threshing, corn- 300 C. 
nmonly referred to as mechanical damage, is the primary In temperate climates, to maintain both germination 
cause of injury to soybean seed. and vigor from harvest to planting (about 8 to 9 

The most favorable seed moisture content for soybeans inonths), soybean seed should be rapidly and properlyat the time of harvest is controversial. Available evidence, conditioned to 12 to 13 percent moisture content after 
however, suggests that the optimal range of seed moisture harvest. The seed should then be stored over the winter 
content for harvest is rather narrow, i.e., between ap- in a dry, ventilated storehouse. In tropical and sub
proximately 13 and 15 percent. Seed cracking and split- tropical areas, where the average annual temperature
ting increase sharply as moisture content decreases below may be as high as 25'C, it may be necessary to air-condi
13 percent, while seed bruising and other less visible, but tion a well-constructed storerooni so that tenperatures of 
no less detrimental, injuries increase at moisture contents 200 to 22°C or less and relative humidity of 60 percent
above 15 percent. or less -ire maintained. Under these conditions soybean 

seed of reasonably good quality when placed in storage
DRYING AND STORAGE will remain viable for 8 or 9 months until planting. An 

Soybean seed harvested when the moisture content is alternative to air-conditioned storage is to dry the seed 
above 14 percent must be dried to 13 percent or less to to about 9 percent moisture and then package it in 
maintain viability in bulk storage. Natural air drying at mnoisture-vapor-proof packages. For this purpose poly
flow rates of 3 to 5 cubic feet per minute per bushel (1.5 ethylene bags 10 nmil (.26am) thick or tightly sealed 
to 2.5 cubic centimeters per second per kg) is adequate metal containers have proved satisfactory. 
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Seed-Borne Microorganisms and Their Control 

James B. Sinclair 

Since 1974 plant pathologists and soybean breeders have 
become increasingly aware that the single most impor-
tant factor in the so-called "yield barrier" in soybean 
production in the United States is a pathological one. 
Among the pathogens attacking soybeans, those that 
cause root, stei, and seed diseases are of the greatest
economic importance. Most of the important pathogens 
are seed borne. Only since 1975, however, has their 
widespread deleterious effect on seed quality, seedling
vigor, and yield been appreciated. 

SEED-BORNE MICROORGANISMS IN SOYBEANS 
There are about 100 genera of fungi, nine species of 

bacteria, about 30 genera of nematodes, and 15 viruses 
reported to be associated with soybeans; about 100micro-
organisins are associated with soybean seeds (Sinclair
and lhingra, 1975: Sinclair and Shurtleff, 1975). Mbost 
of the more common fungi associated with soybean seeds 
can cause distinctive symptoms on the seeds (Deutsch-
mann, 1953; Sinclair and Dhingra, 1975; Sinclair and 
Shurtleff, 1975). These fungi include: Cercospora spp., 
C. kikuchii, Colletotrichum dematium var. truncatum, 
Diaport/i" phaseolorutm var. sojae (Phomnopsis spp.)
(Kmetz et al., 1974), and Peronospora manshurica. 

The concept of microorganisms being internally seed 
borne in soybeans has heretofore suggested that the 
organism would primarily be found between the seed 
coat and the cotyledons or in the cotyledonary tissues, 
This concept has persisted in spite of Deutschmann 
(1953) illustrating the occurrence of C. kikuchii in the 
soybean seed coat. 

r1'he seed coat of a healthy soybean seed consists of 
a cuticle and three distinct cell layers: the palisade
(exodermis), hourglass (hypodermis), and parenchyma 
(parenchynaa and endospern) (Schneider et al., 1974;
Wilcox et al., 1971; Wolf and Baker, 1972). Schneider 
et al. (1974) suggested that the hourglass cell layer in 
part consists of an amorphous, starch-rich matrix, which
could provide a nutrient source for microorganisms.
When the seed coat cuticle and palisade layer are dam-
aged, the hourglass cell layer is exposed with the pa-

renchyma layer usualiy remaining intact. Wolf and 
Baker (1972) postulated that breaks in soybean seed 
coats, which may be genetically controlled (Liu, 1949), 
could provide potential sites for entrance and coloniza
tion by fungi. 

The hourglass cell layer is the site of initial coloniza
tion by C. kikuchii, C. dematiun var. truncatum, and 
D. phaseoloruni var. sojae (Phornopsis spp.) (Deutsch
mann, 1953; Ilyas et al., 1975; Schneider et al., 1974)
(Fig. IA). Other fungi isolated from the seed coats of 
,urface-sterilized soybean seeds are species of Alternaria,
Aspergillus, Cladosporium, Fusarium, Penicillium, and 
Rhizopus (Dhingra et al., 1973; Ellis et al., 1974a; 
Nicholson and Sinclair, 1973; Sinclair and Dhingra, 
1975: Sinclair and Shurtleff, 1975; Singh et al., 1973; 
Tenne et al., 1975). 

Bacillus subtilis has been associated with the aerial 
parts of soybeans (Dunleavy et al., 1966) as well as with 
the seeds (Singh et al., 1973; Tenne et al., 1975). S. R. 
Foor', F. D. Tenne, and J. B. Sinclair (unpublished data)
found B. subtilis in the parenchyma and hourglass cell 
layers of surface-sterilized soybean seeds (Fig. 1B). 

CONTROL OF SEED-BURNE MICROORGANISMS 
One of the factors that -an reduce soybean seed ger

mination and emergence is seed-borne fungi. Fungicide 
seed treatment of soybeans can x,'duce the effect of these 
fungi (Chamberlain and Gray, 1974; Johnson, 1958; 
Kirkpatrick and Sinclair, 1973; Mengistu c. d., 1975; 
Nene et al., 1969; Prasartsee and Sinclair, 1974), thus 
increasing the emergence of low-quality seeds (Mengistu 
et al., 1975; Prasartsee and Sinclair, 1974). Such treat
ment, however, has little or no effect on high quality
seeds (Table 1). Sinclair (1974) reviewed the use of 
systemic fungicides in seed treatments for soybeans.
Kirkpatrick and Sinclair (1973) showed thiophanate
methyl, BD-18654, and methyl 2-benzimidazole carba
mate (MBC) were absorbed by germinating soybean
seeds within four hours. 

Ellis et al. (1975) showed that the protectant, seed
treatment fungicides, captan and thiram, moved into 

James B. Sinclair: Department of Plant Pathology, University of Illinois, Urbana, Illinois,U.S.A. 
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Fig. I A and B.Cross sections of soybean seed coats, showing 
the location of (A) Diaporthe phoseoloruin var. sojae 
(Phomopsis spp.) (arrows) in the palisade (1)), hourglass 
(h), and parenchyma (pa) cell la)ers (approximately x 
225); (B) Bacillus sublilis cells (arrows) within the hour-
glass (h) and l)arenchyma cell layers (x 600). 

the seed coats of treated soybean seeds, but not into 
the embryo tissues, while benomyl, a systemic fungicide, 
was taken up by the seed coats and embryo tissues. 
Captan and thiram presunmably moved by diffusion only
into the seed coats of treated seeds, while benomnvl 

moved into the seed coat and embryo. Several seed-borne 
fungi colonized the soybean seed coat (Deutschmann, 
195 3 ; llyas, 1975: Schneider et al., 1974). Thus, the 
quantity of fungicide moving into the seed coat could 
determine its effectiveness. 

tDiclloromiethane (DCM) can be used as a carrier 
to introduce cheiicals into seeds in the absence of 
water without apparent effects on germination and 
respiration (Ellis et al., 1976). 1)CM facilitated the 
movement of MBC and thiabendazole into dormant 
soybean seeds in the absence of water, but did not help 
in the case of captan, thiram or carboxin. Soybean seeds 
treated with MBC plus DCM and thiabendazole plus 
DCM had lower levels of internally borne total fungi
and D. phaseolorum var. sojae, and had higher levels of 
germination in vitro and emergence in vermiculite and 
soil than untreated seeds or seeds treated with DCM 
alone (Table 2). 

GENERAL SESSIONS - PRODUCTION 41 

D. phaseolorum var. sojae (Kmetz et al., 1974) is seed 
borne in soybeans and causes pod and stem blight as 
well as seed deterioration (Ellis et al., 1974c Prasartsee 
et al., 1975; Tenne et al., 1975; Wilcox et al., 197.1). 
The amount of seed-borne D. phaseoloruii var. sojae 
was significantly reduced below that on unsprayed plants 
when soybeans were sprayed in the field with one of 
tie following fungicides or fungicide combinations: 
benomyl, benomyl plus zinc-ion, captafol, chlorothalonil. 
mancozeb, thiabendazole, and thiophanate-methyl (Ellis 
et al., 1974b: Ellis and Sinclair, 1975 and 1976; prasart
see et al., 1975). The same authors also reported that 
D. Phaseolorum var. sojae always occurred less in seeds 
from plants sprayed with benoryl than in seeds front 
plants sprayed with the other fungicides, and that soy
bean plants sprayed with benomyl remained green longer 
than unsprayed plants (Fig. 2). 

Delayed harvest results in the increased occurrence 
of internally seed-borne D. phaseolorunm var. sojae and 
other fungi (Ellis and Sinclair, 1976; Wilcox et al., 
1971). Spraying of soybean plants before maturity with 
benomyl can significantly reduce seed-borne fungi, and 
even with a delay in harvest, the fungicide will control 
the amount of seed-borne fungi (Ellis et al., 1974b; 
Ellis and Sinclair. 1975 and 1976; Prasartsee et al., 

1975) (Table 3). 
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Fungicide Treat ment(Benomyl) 
Fig. 2. Relationship between the percentage infection (Per
centage) and percentage green plants of soybean (Glyei'ne 
max) from field plots nonsprayed or sprayed with benomyl 
(1 lb formulated Benlate 65 WP/acre) at various stages of 
development. 
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Table 1. Effect of Fungicide Treatment on Stand Establishment with Poor Quality and Good Quality Soybean Seeds 

Mean stand countsa 
ApplicationGodqaiyse

Fungicide rates 
 Poor quality seed (Beeson) Good quality seedFungiide ates(Amsoy 71) 
15 days 30 days 15 days 30 days 

Thylate fi5%VP................... 1.23 oz/bu 88 at' 92 a 85
Captan 8t0Wi ................... I.0 oz/bu 91 a 
bc 85 a


85 ab 87 abUniRoyal 1109 ................... 4.0 oz/bu 83 abc 85 abc 
88 a
 

82 bcd 89 aUniRoyal 1127................... 2.0 floz/100 lb 83 abc 
 85 abc 84 abed 83 aDcmosan T.. . : ........... 4.0 oz/bu 
 81 abc 84 abcd 87 abc 85 aUniRoyal 1127 ................... 4. 0 floz/100 lb 
 78 abcde 80 bcdef 81 cd 81 aUniRoyal 11)9 ................... 2.0 oz/bu 
 77 abcde IIIbcdefg 91 a 89 aVitavax .'.....................4.0 oz/bu 
 77 abcde 81 bcde 85 abc 85 a[JniRoyal H719 .................. 2.0 oz/100 lb 
 74 bcde 73 efgh 83 abed 82 aNontreated (control) ...................... 
 72 bcde 76 bcdefg 114abed 85 aCelenmrek 20EC ................. 1.0 oz/bu 71 bcde 75 bcdefg 88 abc 87 aIlenlate 50 Wi'. ................. 4.0 oz/bu 
 611 cde 74 defgh 81 cd 86 aUnikoval 11368.................. .25 oz a.i./100 lb 65 de 
 69 gh d76 82 auniRoyal 113611 ................... 0.50 or a.i./100 lb 65
UniRoyal 11719 75% ............. 4.0 oz/100 lb de 70 fgh 90 ab 86 a
 
........ ..... .... . 64 de 69 gh 90 ab
Blenlate 50 WP 86 a . 2.0 ozibu 64 de 64 h1 80 cd 81 a 

Three replications of 100 seeds each. " Numbers followed by the lettersame are nc,t significantly different at the 5 percent level asdetermined by Duncan's New Multiple Range Test. 

Table 2. Effect of Fungicide Treatment of Soybean Seeds on Germination, Emergence, and Prevalence of Seed-Borne Fungi 

Mean percentage values for cultivar and character shownn 

Hill 
 Wells 

Germi- Total 1).phae- Fmergence Germi- Tot D. phase- Emergence
fingVerioi l natioermic- lorumf Vermicnation fungi var. soar ulite soil nation fungi var. soae ulite Soil
 

Methyl 2-benzinlidizole carlamate ....93 
 II 5 95 116 91 10 12-(4'-t liiazolv)benzimnidazoh.......... 93 11( 5 
94 117


96 83 91 I8 1 92 116Solvent alone ..................... 63 31 72
26 57 80 24 764 72Untreated control .................. 60 ) 0 33 6 
 52 74 II 65LISI).,, .......................... 48 75
8 (i 6 7 6 3 10 3 9 6LSD. 5 . .. .....  ..... .. . ..... 12 9 9 11 9 
 5 14 4 13 9 

Based on three replications of 100 seeds per replication and treatment.

Fungicides applied by snaking seeds for 5 hours in 800 ug fungicide shown/nil dichloronethane.
 

Table 3. Effect of Fungicides and Harvest Date on Soybean Seed Germination, and Occurrence of Internally Seed-Borne Dia
porlhe Iphase-olorun var. sojae, and Total Fungi 

Mean percentage values for cultivar and character shown at two harvest dates" 
Treatnment,, Non1ber 
 lee 68
eOfsprays _cemi'nation 1).phaseolorttm HillTotal fungi Germination D. phaseolort,, Total fungi 

2 I 2 1 222 1 1 2 1 2 
BIenonlyl .............. I 92.5 9(6.1 
1.5 1.1 2.5 2.5 115.5 31.1) 14.0 64.10 15.5 86.02 96.5 97.5 (1.11 1.1 0.5 3.0 91.5 71.0 5.5 12.53.5 41.51 92.5 94.5 1..0 1 .0.5 1.5 95.5 77.0 3.5 1).0 13.5 40.0
Chlorothalonil ......... 1 117.5 113.11 5.5 
 13.0 6.0 14.5 86.0 10.0 13.5 811.5 14.1 93.02 91.0 Il1.l0 5.11 14 5 7.3 16.0 

3 
119.5 11. 9.0 112.5 9.5 87.091.5 112.5 4.5 9.5 5.0 11.5 93.5 18.5 77.56.5 7.5 77.5 

Captofol .............. 1 90.0 1 
 87.5 6 0 7.11 6.5 12.1) 53.5 14.5 46.) 74.5 47.0 78.02 91.2 15.5 3.) 7.0 2.0 8.5 73.0 iA.5 25.5 75.5 27.0 80.0:3 86.5 115.11 4.10 7.5 5.5 9.0 78.0 4.0 21.0 94.1) 22.1) 94.0 
Mancozeb ............. I 91.5 111i.5 4.0 10.0 4.0 12.0 79.5 7.0 20.5 90.5 21.5 93.02 116.11 112.5 6.() 9.5 6.2 14.0 71.0 8.5 28.5 81.0 30.0 84.53 91.5 71.0 4.0 14.0 
 5.10 16.0 72.0 9.0 26.0 81.0 26.0 87.0 
Control ............... 90.5 75.5 3.5 19.0 6.) 26.0 75.5 24.0 25.56.( 117.5 88.5 

FLSD as (harvest), .... 1.1 1.9 1.9 2.4 3.0 :3.8FLSD ............. 2.1 3.16 1.11 4.3 7.2 7.1
FLS ............. 
 . 2.5 2.2 3.5 3.6 
 12.9
F SD ............ 
 5.4 3.3 2.9 4.7 4.7 17.1
 
Percentage based on 200 seeds from each first harvest (1)and delayed harvest (2). There were 
almost five weeks between harvestsfor 'Lee 68' and eight weeks for 'Hill.' "Applied at a rate of I/,pound formulated material per acre. Carmer and Swanson, 1971. 
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Noybean Inoculation 

Lloyd R. Frederick 

Soybeans are a high-protein crop requiring large 
amounts of nitrogen for satisfactory yields. Fortunately, 
soybeans are a legume that forms a partnership in root 
nodules with tile bacterium, Rhizobium japonicum.These 
nodules allow the soybean plant to use elemental nitro-
gen (N.) from the air. Inoculation is a way to provide 
adequate numbers of the proper bacteria in the soybean 
root zone so that excellent, effective nodulation takes 
place. 

To use nitrogen from the air successfully, both tile 
proper soybean plant and the proper bacteria are needed. 
Either fails without the other. Tile soybean plant has 
genetic capabilities for accepting or resisting the foria-
lion of nodules. The selection of soybean varieties that 
readily form effective nodules is -ery important because 
soine lines of soybeans do not nodulate in the field. Also, 
certain Rhizobium strains are capable of infecting only 
certain soybean varieties. Therefore, selection of con-
patible combinations is important. Hardee soybeans, for 
example, (10 not nodulate effectively with C-I and 122 
serogroups of 1?. japonticn. Using an inoculant con-
taining only a strain or strains in the C-I serogroup re-
sulted in nodulation failures and low yields. Using in-
o(tilant containing strains in the C-2 or C-3 serogroups, 
with or without C-l strains, provided adequate nodula
tion (Vest et al., 1973). 

In this paper the practical aspects of inoculation will 
be stressed. Particularly from the farmer's viewpoint, 
answers to the following questions are needed: (a) whenand how often is it necessary to inoculate; (b) what is 
a high quality itnoculumaand where can it be obtained;
ad (c) how should the inoculunm be used so as to get
good resuhs, 

THE NEED FOR INOCULATION 

When is inoculation needed? In any situation where 
soybeans respond to nitrogen fertilization, more effective 
nodulation is needed. Better nodulation can be achieved 
in many situations by better inoculation. Soybeans grown 

for the first time on a field usually respond to inocula
tion because, few soybean Rhizobiurn bacteria are present 
in the soil. On soils low in nitrogen inoculated beans 
often yield 150 to 200 percent more than uninoculated 
beans (Nantakorn, personal communication). To obtain 
comparable yields with fertilizer requires large amounts 
of nitrogen per hectare. In fields where nodulated soy
beans have been grown previously, soybean Rhizobium 
bacteria are often present, but their numbers may be 
high or low, and the Rhizobium present may form 
nodules of unknown effectiveness (Ham et al., 1971 
Weaver et al., 1972). 

Nodulation effectiveness can vary from one area of 
the field to another. Yield increases for soybeans are 
often small (5 to 10 percent) on fields where nodulated 
soybeans were previously grown. But farmers aiming for 
top yields often inoculate all soybeans planted because 
the cost of inoculation is usually less than the value of 
60 kilograms of soybeans per hectare. More research is 
needed to determine the survival patterns of Rhizobium 
bacteria in different soils and cropping sequences, espe
cially in acid or flood soils. The failure to use good in
oculants call cost niny kilograms of seeds because of 
nitrogen deficiency. 

HIGH QUALITY INOCULANT 

igh quality inoculant provides effective, efficient liv
ing Rhizobium bacteria. Rhizobium strains need to beevaluated and selected for the crops and areas where 
they will be used. Mixing a few of the better strains of 
Rhizobium in an inoculant provides greater assurance of 
successful nodulation when used with different soybeanvarieties and soil conditions. 

High quality inoculant also provides large numbers of 
effective, efficient living Rhizobium bacteria but Rhizo
bium numbers in the inoculant can be reduced quickly 
by unfavorable storage conditions. Drying is very detri
mental. High temperatures (above 35°C) also decrease 
populations rapidly. Rhizobium numbers on inoculated 
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seed exposed to a drying wind and sun can drop from 
a million (106) to less than a thousand (103) per seed 
in less than an hour. Placing the inoculant on the seed 
as a slurry or a dust is a convenient method of inocula-
tion, but the drying is extremely hazardous to the Rhizo-
bium bacteria, and the seed provides them very little 
protection. The use of seed protectant fungicides in-
creases the hazards for the Rhizobium. Since the number 
of Rhizobium bacteria that can cling to and survive on 
a seed is limited, the inoculated seed should be protected 
and planted as quickly as possible after inoculation, 
Other methods of inoculation are needed to provide large 
numbers of Rhizobium bacteria as conveniently as pos-
sible. High quality inoculant can be assured only when 
adequate quality control is used and low quality inocu-
lants discarded (Vincent, 1970). 

USE OF INOCULANTS 

Inoculation is a numbers game. At least one million 
Rhizobiuni bacteria per seed apear to be desirable for 
field application, although lower numbers sometimnes 
give good results if conditions are favorable. Among 
other reasons, large numbers of Rhizobiuni bacteria 

by promoting earl)tend to increase soybean yields (a) 


nodulation and growth, (b) by ensuring greater survival 

of Riizbiuiiurig avere strag orgroingacteiaof Rhizobiun bacteria during adverse storage or growing 

conditions, and (c) by competing wiore successfull 
against the soil Rhizobium bacteria, which may be less 
desirable than those in the inoculant.Thle location of nodules on the root systenm is an indi-

time of infection and nodule development,
cator of the 
and as such should be observed (Weaver and Frederick, 
1972). Nodules on the upper tap root form early, usu
ally within the first 14 days of seedling growth. The 

presence of large numbers of Rhizobium bacteria usually 

results in upper tap root nodulation and early nitrogen 

fixation. When most of the nodules are on the secondary 
roots or on the lower tap root, an indication of delayed 
nodule development, nitrogen deficiency may be pro-

longed, causing reduced yields. )elayed nodule develop-

ment can be caused by low numbers of Rhizobiun bac-

teria. When the numbers are low, the bacteria must 

colonize the root and proliferate, which often results in 
on the secondary roots, especially whennodulation only 

soil or climatic conditions are unfavorable. Thus, te 

pattern of nodulation on the root system is a rough indi-

cation of the abundance of Rhizobium bacteria present 
while tile seedling wvas developing. 

Improved methods of inoculation are needed, but until 

they are developed, the best methods currently available 

should be used. Proper use of inoculants has resulted in 
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increased n6dulation and yields in Thailand, in India, 
and in many other tropical areas. Education of the peo
pie who produce and distribute the inoculants and those 
who use them is essential. Because inoculants are cul
tures of living cells, they will be preserved best if han
died like perishable produce such as meat or fresh 
vegetables. 

Adding the inoculant in a thick layer around the 
seed to form a pellet has improved inoculation success 
with small-seeded legumes, but few data are available 
for this technique with large-seeded legumes. More 
studies of this inoculation technique for soybeans ar-e 
needed.
 

Direct placement of the inoculant into the soil at the 
tinie of planting the soybeans has often improved inocu
lation (Scudder, 1975). Both liquid and solid (usually 
peat) carriers have been used with success. Placement 
illmoist soil at or slightly below the seed has proved 
satisfactory. Either much larger amounts of inoculant 
or inoculants carrying much higher numbers of Rhizo
bium bacteria are desirable for this improved miethod of 
direct soil inoculation. 

The proper use of soybean inoculants should be ail 

integral part of the educational "package" of practices 
the
for good soybean production. Inoculants provide 


Rhizobium bacteria, and good seed provides the Isoybean

plants needed for this legume-Rhizobium symbiosis. 
These must be combined with proper planting, tillage,
 
fertility, harvest, and storage practices, as well as vitli
 
proper inoculation to provide adequate nitrogen without

the use of fertilizer. 
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Soybean Soil Fertility and Moisture Studies 

M D Damson, Paibool Wivutvngvana, and Methi Ekasingh 

Athough soybeans originated in China, it is only in 
comparativcly recent years that tile plant has been in-
tellsively managed in this part of the world. While plant 
scientists are engaged in many countries of the world, 
conducting research aiied to break the yield plateau 
barrier apparent in soybeans, much is known at present 
that can increase production throughout Asia. 

1'rom an edaphic viewpoint, soil fertility must be con-
sidered a key factor in successful soybean production in 
Asia. II this region many soils that could be planted to 
so)'beanis are naturally infertile. Leaching of bases, well 
weathered minerals, and low organic matter status 
combinie to make both an acid soil complex and a dimin-
ished plant nutrient content common. While phosphorus 
and potassium are the two most common nutrient de-
ficiemis, other deficiencies occur. Imbalances between 
nutrients may be readily induced, because nany of these 
tropical and subtropical soils are weakly buffered, 

No amount of applied phosphorus (P) or potassium 
(K) can increase soybean yields if other limiting factors 
prev ail. liiefl'ective nodulation, drought, unfavorable soil 
I)l , poor drainage or excess irrigation, and toxicities, 
singly or in combilation, (c;an preclude soybean response 
to aidded feirtilizer. 

hle adoption of multiple cropping systems, many of 
which will include a legume such as soybeans, suggests 
that fertilizer progrns should be designed more for the 
entire system than for an indi\idual crop. Soybeans in 
this regard assume importance not onl\ because of their 
known ability to efficiently utilize residual fertilizer, but 
also l)ccalise cif their potential to restore soil nitrogen 
(N) 	 useful to succeeding crops. 

'he lurpose of this papexr is to review pertinent litera-
ture in soil fertility, soil water, and soybean production; 
to relate research findings from abroad to local problems; 
and to discuss recent fertilizer studies at Chiang Mai, 
using soybeans in cropping systems. It is interesting but 
unfortunate that most of the knowledge about fertility 
requirement and nutrition of soybeans has been gained 
in regions like North America, rather than in the Asian 

countries where soybeans originated. Much research 
needs to be done. 

REVIEW OF LITERATURE 
N 

utrient Uptake 
Hanway and Weber (1971) showed that unfertilized, 

effectively nodulated soybeans accumulated 24.7 kg N/ha, 
while non-nodulated soybeans, even with 263 kg N/ia 
accumulated only 198 kg N. An average of 60 percent 
N taken up by the plant was stored in the seed, compared 
with about 47 percent for P, and even less for K. Potas
slum fertilization (224 kg/ha) did increase total plant 
absorption from 74 to 121 kg K/ha. 

In the southeastern United States Henderson and 
Kamprath (1970) described increasing nutrient absorp
tion of determinate so)ybeans from earl) growth through 
blooming to seed formation. Maximum rates of accunmu
lation were 7.7, 0.4, 4.6, 2A., and 0.7 kg/la/day for 
nitrogen, l)hosplhorus, potassium, calcium, and magne
slmm, respectively. Nutrient absorption is rapid in rela
tion to dry matter production during early stages, and 
as a result, nutrient concentrations are high. 

Nitrogen 
The use of 'N-labeled fertilizers, the reduction of 

acetylene to ethylene, Kjeldahl N content of nodulated 
versus non-nodulated plants have all been used by nu
merous researchers (Norman, 1944; Weber, 1966; Koch 
and Evans, 1966) to determine whether soybeans can 
use more nitrogen than is provided by symbiosis. Gener
ally, in situations where soybeans have been effectively 
nodulated, any increase of grain yield from applied N 
feitilizer has been uneconomical. Stewart (1966) re
ported 94 kg/ha fixed N, while Hardy et al. (1968) have 
calculated about 75 to 80 kg/ha of N fixed annually 
by soybeans. Several workers (Thornton, 1947; Norman, 
19-16; Weber, 1966; Ross, 1959) have repoi .d that 
added fertilizer N linearly decreased the anmount of N 
fixed biologically. Nodule number and size are usually 
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reduced when the supply of soil or fertilizer N is in- Secondary and Minor Nutrients 
creased. Moreover, Tanner and Anderson (1964) have Calcium appears to have an important role in soybean 
suggested that nitrates exert an inhibitory effect on Rhi- production apart from its role in raising soil pi (Moser, 
zobiwm at the root infection stage. It would appear that 19-13). Tile role of Ca in symbiotic N fixation has been 
urea has a less detrimental effect (perhaps slightly bene- known for a long time. Magnesium, too, is needed in N 
ficial) on soybean yield than other forms of N studied fixation. Yield responses from Mg applications have b1en 
(Uziak, 1960). 	 reported by Nelson et al. (1946), and Key and Kurtz 

In summary, the N requirement of soybeans in the (1960). Sulphur. another essential nutrient, is often sup
field is basically met by symbiosis and natural soil nitro- plied as a carrier in commercial fertilizer materials. With 
gen mineralization. Low moisture or temperature, par- high analysis N and P materials, however, we might 
tially effective or noneffective nodules, or molybdenum expect an increased need for added sulfate. Significant 
deficiency could all account for the fact that sporadic S fertilizer response on soybeans has been reported on 
soybean responses to added N fertilizers have been re- strongly acid red latosols in Brasil (.Mascarenlhas et al., 
ported. 1967). 

Among the inicronutrients, iron deficiency clhlorosis 
Phosphorus appears most commnon. Chlorosis-susceptible soybean va-

The basic components of the cell nucleus, nucleopro- rieties are particularly vulnerable to iron deficiency coin
teins, require P. Soybean plant absorption of P from nonly induced by high lime conditions (Weiss, 19-13). 
fertilizers is generally high and continues to the end of At high concentrations, the combined eflect of phios
the season, in contrast to corn, which has an early, de- phorus and calcium may cause chlorosis even in iron
mand for P. Profitable yield responses from applied P efficient varieties (Brown et al., 1959). Daylength ap
depend on the P soil test level and the presence of avail- parently affects iron utilization by the soybean plant. 
able nutrients (Pierre, 1944.; Miller et al., 1961; OI- Benedict et al. (196-1) found that a slhrt-day plant 
rogge and Kamnprath, 1968). Very heavy applications environment favored ('hlorosis. 
of applied P may cause toxicities, especially among sus- Manganese and iron nutrition are related in soybeans. 
ceptible varieties. Alkali or excess line induces manganese deficiency 

Number, weight, and size of nodules have all been (Steckel, 19-17). Strongly acid soils, especially if soe
reported to increase following the addition of phosphate what poorly drained, favor manganese toxicity (Parker 
to soybeans (l)eMooy and Pesek, 1966). Several re- et al., 1969). While ianganese toxicity seems to be par
searchers have also reported improved N fixation fol- tially eliminated by added iron, soybeans grown on soils 
lowing P fertilization (Heltz and Whiting, 1928; Lu- low in manganese may show manganese deticiency when 
decke 19-11), especially when ample available Ca is iron is added. 
present (Erdman and Fife, 1928). Increases in dry Reduced soybean yields (lue to zinc deficiency have 
weight of the various plant parts have been shown to been reported (Weldon and Chesnin, 1959) and have 
accompany tihe P response in grain yield (Islam, 1964, been controlled by folir application of zinc. Both high 
Matrone et al., 1954). liime and high P conditions can induce zinc deficiency 

(Hutton and Fiskell, 1963: Keefer and Singh. 1969). 
Potassium 	 Boron is another niicronutrient whose availability de-

Soil mineralogy appears to have a significant effect on creases in high lime soils, although the relatively low 

the soybean plant's ability to absorb K from exchange- boron requirement of soybeans accounts for few recorded 

able and nonexchangeable sites (Pesek, 1968; Graham responses to added borax. 
and Turley, 1947). Fourfold increases in soybean pro- Molybdenum deficiencies in acid soils seem to reduce 

duction from added potash on soils with low soil test K N fixation. Symptoms of N deficiency have been con

have been reported (Nelson et al., 1946). It would seem trolled with added molybdenum (Parker and Harris, 

that added phosphate tends to reduce the K content of 1962). Researchers in Georgia found 70 g/ha of sodiul 

leaves (DeMooy and Pesek, 1970), which suggests the imolybdate as effective as 134 kg N/ha in raising soyheam 

particular need to apply potassium fertilizer in the pres- yields. While seed treatment with molybdenuni salts has 
been at least equal to spraying oin imolybdenum as aence of P fertilizer on soils testing low in K (Colwell, 

1944; Weber and Caldwell, 1962). These authors also 	 foliar applicant, J)'eliiixinig inoculant with a niolyldeumin 

noted that potassium deficiency was accentuated by lim-	 salt can be injurious to Rhizobium (Burton and Curley, 
1966). Liming acid soils often reduces the need foringan acid, K-deficient soil. 


Heltz and Whiting (1928) have noted an increase in molybdenum application.
 
nodule size following added K at 1611 kg/ha but in
paired nodulation at 336 kg/la. The nodule response 	 Soil PH and Lime 

to added K appears related to the soil linie status (Per- While both tile kind of soil and the soybean variety 

kins, 1924) and supply of P (Poschenrieder et al., 1940). will determine optimum p1, it appears that for many 
optimum (Olilrogge,Potassium application reduced the N content of nodules, conditions pH 6.2 approaches 

but increased pods and seed size (Nelson, 1946). 1967). Good responses from liming have been obtained 
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on soil of low pH and low base status (Nelson, 1946; 
Johnson and Harris, 1967). Soybeans in Chinese crop-
ping systems have performed best when roils were limed 
to about p1-I 6.5. 

Soil Tests and Fertilizer Response 
Soil test levels have been successfully correlated with 

response of effectively nodulated soybeans to both ap-
plied phosphorus and potash. Kamprath and Miller 
(1958), and Rouse (1968) showed that soybean yields 
approached maximum when P soil test values ranged 
between .10 and 50 ppm. Average responses of 340 kg/ha 
from 15 kg P and 28 kg K applied to soybeans in Iowa 
were consistent (Englehorn et al., 1947). Barber (1971) 
in Indiana anid Miller et al. (1961 and 1964) in Iowa 
obtained yield responses approaching 2,000 kg/ha on 
soils testing low in P and K. Rouse (1961 and 1968) 
has shown that up to 67 kg K/ha may be needed for 
top soybean yield on low-testing soils, 

Soybean response to residual fertilization has been 
shown on numerous occasions. Studies at Iowa State 
University in 1957 have shown a residual fertilizer effi-
ciency of 0.6 following the application of 90 kg N, 47 
kg P, and 237 kg K/ha applied to soybeans and mea-
sured on soybeans the following year. Anthony (1967), 
and l)eMooy and Pesek (1971) observed an average 
efficiency of 0.5 and 0.3 two years after fertilization for 
P and K, respectively. Peterson (1967) has shown the 
residual value of superphosphate exceeding its direct 
effect. Thus, soybean yield increases of 350 and 570 
kg/ha were obtained the first year from 101 kg/ha of 
applied P, and residual effects of 440 and 740 kg/ha 
were obtained the second year. 

Methods of Fertilization 

Band placement of P and K fertilizer 5 cm to the 
side and 5 cm below the seed have usually proven suc-cessful (Barber and Silvers, 1959; University of M1inne 
stuBa, rb70 Unvedtaty) f ce-and91Prost 199 

sota, 1970 and 1971 ). Probst (1944) noted that plalce-
nent of fertilizer 2 to 5 cii at the side and level with 
the seed was satisfactory, even up to rates of 450 kg/hap~hosphate and potash,. l)rilling fertilizer near the seed
canobepharmf and reutesh. emillgerene se dca n be ha rm fu l a nd re d u ces e me rgen ce (R o use , 196 1 ) .The magnitude of soybean response to applied fer-

Tiie deenid o soybretandesosre, odpltio,
tilizer depends on soil nutrients and moisture, nodulation, 
pest control, row sp)acing, planting date, and variety. 

SOIL WATER AND PLANT STRESS 

Soil water content, hydraulic conductivity, and rate 
of transpiration control the level of internal plant water. 
Germination, grain yield, rate of photosynthesis, and N 
fixation of the soybean are influenced by the soil mois-
ture status. The amount of water a soil holds is less 
important than the energy by which soil holds water 
and those factors which control its movement. This te.. 
nacity is expressed in terms of the potential energy of 
the water in the soil with respect to free water. Since 
the potential of soil water is usually less than that of 

free water or near saturation, water potential is usually 
negative and is expressed as suction or tension. Pressure 
units are used to describe this suction (negative pressure) 
and are referred to as bars or atmospheres. For example, 
as a soil dries, there is a decrease in potential energy, and 
suction (negative pressure) increases. Thus, the bar or 
atmosphere units increase from 0.1 near field capacity, 
to about 15 bars which is near wilting point. The rate 
of absorption of water by transpiring plants usually lags 
behind the rate of transpiration, resulting in leaf water 
deficits. The net effect of plant water stress is to impede 
the plant's physiological process, as will be discussed 
below. 

Germination 
Moisture, temperature, and oxygen primarily regulate 

germination. Hunter and Erickson (1952) concluded 
that the minimum seed moisture content required for 
germination was about 30 percent for corn and 50 per
cent for soybeans. They suggested that at 25°C the soil 
should have a moisture tension or potential o' not more 
than 6.6 bars for soybean germination to occur in 5 to 
8 days. They also pointed out that when soil :noisture 
is high enough to enable seeds to imbibe sonic Nater but 
not high enough for germination within a week, the seeds 
are often attacked by fungi and will then decay. 

High moisture content similarly may favor pool- germi
nation. Grable and Danielson (1965) indicated that 
pathogenic soil organisms developed on seeds and roots 
at 0.3 bars or less and stopped growth. Hanks and Thorp 
(1957) showed that soils with high crust strengths de
creased emergence from 70 to 30 percent as soils dried 
from field capacity (0.3 bars) to 25 percent available 

water (approximately 1.0 bars). 

Growth and Yield 
AcAcording to Shaw and Laing (1966) , maximum re

duction in yield of soybeans due to moisture stress oc
curred during the last week of pod development and
during the bean-filling stage. Even at flowering, moisture 
stress tended to lower yields, whereas earlier stress hadstesendtoowrylshrasalirteshd 
minimal effect. As will be seen later, other physiologicalp o e s s l k i a i n i a e u f v r b y a e t d bprocesses like N fixation may be unfavorably affected by 
water stress at other periods in the growth of the soybean. Dusek et al. (1971) showed that an optimum irri
gation regime occurred when available water reached 

40 percent, which coincided with the visible appearance
of stress. Irrigation at 60 percent gave no yield increase, 
while irrigation at 20 percent available water lowered 
the yield. They also observed the greatest yield depres
sion when moisture stress coincided with pod swelling. 

Doss et al. (1974) examined the effect of soil water 
stress at various growth stages on soybean yield in a 
three-year experiment. Soil water regimes ranged from 
a limited supply (10 percent available water) to ade
quate water (50 percent available) during the entire 
growing season. More bean production was obtained 
from water applied after, rather than before, full bloom. 
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Tile pod-fill stage was the critical time for adequate over a 6-week period resulted in progressive reduction 
water for maximum yields. Yields from adequately in N-fixing activity. Irrigation restored activity, and max
watered soybeans were 540 to 1040 kg/ha, or 24 to 55 imum N fixation occurred at about field capacitv: above 
percent, greater than where water was limited through- that level activity was reduced because of water logging. 
out the growing season. The highest yield obtained under It was suggested that water stress affected nodule activity 
the best water regime was 3,320 kg/ha. directly, but the effect might be aggravated by reduced 

Timing of irrigation water application is important in supplies of photosynthate from wilted leaves. 
increasing soybean yields. Spooner (1961) found that In an experiment designed to evaluate the elf'ect of 
irrigation applied before the first blooming did not sig- soil temperature and soil water stress on the ability of 
nificantly increase soybean yields. Grissom et al. (1955) soybeans to symbiotically fix nitrogen. Kuo and Boerslna 
reported that irrigation during the early stages of growth (1971) showed that both parameters are important and 
was not beneficial. do not work independently of one another. Activity of 

Mederski and Jeffers (1973) studied the yield response nodule bacteria was very sensitive to water tension and 
of soybean varieties grown at two soil moisture stress root temperature. Relative rate of nitrogen fixation of 
levels. Under high moisture stress conditions, the yield 3-week-old soybean plants relative to soil teniperature 
of most stress-resistant varieties was reduced about 20 and soil tension is presented in Table 1. 
percent, while the yield of the least stress-resistant va
rieties was reduced about 40 percent. The absolute re
duction in yield for the most stress-sensitive varieties Table 1. Effect of Soil Moisture and Temperature on Relative 
was approximately 1,000 kg/ha, while the yield of the N Fixation in Soybeans 

least stress-sensitive varieties was reduced about 200 to Relative rate of nitrogen fixation at 
-100 kg/ha. soil different vatics of soil water suction (bars) 

Under conditions of optimum soil moisture, the dif- .........- .511 2.50
te0np1ato,'-..... 7o.-

ference in am ong w as relative . ... ..... ..........yield varieties large to .. ... . .. .. ......-.. ... 
the difference in yield produced under deficient moisture 110. ................ 43.2 111.7 17.1 13. I 

23.9 ..... .... .... l10.0 113.5 76. 1 511. 5conditions. A low stress or nonstress soil moisture level 32.2.................. 18.1 76. 1 72.7 55.7 

permits greater genotypic expression, thereby increasing ........ . . .. ....... 
genotypic variance among varieties. A low soil moisture 
stress environment appears to be the optimum environ- Rates of nitrogen fixation decrease with increase in 
ment for selecting soybean yield attributes. water suction, particularly at lower temperatures. It is 

From the above data it mav be concluded that soy- interesting to note that the relatively lil-ge decrease in 
beans do have a critical period of water stress that coin- nodule N fixation occurred long before the soil tension 
cides with the pod-fill stage, that sovbean varieties be- al)lroaclhed wilting point. Nitrogen content of the 3
have differently to soil moisture potential or tension, week-old soybean plant, as might be expected, decreased 
and that both excess or deficits of water can markedly as the soil tension increased from 0.35 to 2.50 bars. 
reduce soybean yield. Sinclair and deWit (1975) have studied the iiobiliza-

Water Stress and Photosynthesis tion and transfer of nitrogen froni soybean leaves during 
seed formation. The pool of nitrogen and protein il 

Boyer (1970) has shown how moisture stress markedly vegetative tissues eventually loses physiological activity 
influences leaf enlargement and rate of photosynthesis. as the nitrogen levels decrease. The plant becones self
.\t soil tensions higher than 4 bars, leaf enlargement destructive, leaves drop, and photosynthates to fuel the 
declined rapidly and approached zero at 12 bars, as did nitrogen fixation processCdisappear. The period of seed 
photosynthesis. Plant water deficits probably decrease development depends on a readily available nitrogel 
assimilation of carbon dioxide as well. However, while supply to offset the self-destructive process. This N 
rewatering results in a rapid recovery of plant water supply is terminated as N fixation is depressed cluring 
content, CO._, assimilation recovers slowly. This slow periods of soil moisture stress. 
recovery of assimilation suggests that under field condi
tions the relief of high internal water stress following THAI STUDIES 
irrigation may not result in immediate resumption of 
maximum photosynthetic activity (Pallas et al., 1967). Many methods exist for studying the efficiency of 

fertilizer use. Certainly, total plaint response to different 
Water Stress and N Fixation increments of added nutrients is one basis for determin-

Perhaps no physiological process affecting soybean ing fertilizer efficiency. But residulal fertilizer effects on 
yield is more sensitive to moisture stress than is N fixation other crops in the systemi require monitoring. If a legumie 
associated with nodulated plants. Spent (1972) studied is included in the cropping system, the effects of syni
the effects of water stress on nitrogen-fixing root nodules biotic N fixation also deserve investigation. In 1974 three 
and the effects on whole plants of Vicia faba L. and different cropping systems were initiated at the Multiple 
Glycine max (L.) Merr. Slow, natural drying of the soil Cropping Experiment Station in Chiang Mai, Thmiland. 
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The cropping systems under study were as follows: 
System I: Field Corn ----Soybean - Sweet Corn 
System 	 II: Rice --Soybean - Sweet Corn 
System III: Soybean - Soybean - Sweet Corn, 

Each systeni shared three common elements:
1. Each 	cropping system included soybeans. 

2. 	Three crops were included in each system.
3. 	 Only the first crop was fertilized using a factorial 

'N:I: K (Iesign . 
Table 2 pr~esents the chemical analysis of the surface 

soil taken from tie Lampang sandy loam located on 
the Multiple Cropping Project Experiment Station site 
where system I was used. 

System I 

Field corn grain yield. Corn grain yield as influenced 
by nitrogen and phosphate fertilizer is presented in Table 
3. Corn grain yields3 

following nitrogen fertilizationranged from 1.07 to 5.35 tons/ha. The combination of 
120 kg N/ha and 80 kg P..O:./ha produced the highest
grain yield of 5.35 tons/ha, ahhough this was not sig-
nificattly greater than theN/hfica 	 yield produced by 180 kgitN goutvr haptoh te (52onsce 18120 
N/ha without added ihosphte (5.29 toils,'Ia).
Application of 60 kg N/ha of nitrogen fertilizer in-
creased the average grain yield by 122 percent over the 
zero nitrogen treatment (1.-12 to 3.16 tons/ha) . The 120 
kg N/ha rate resulted in a further 39 percent yield in-
crease (3.16 to .. 45 tons/ha). Phosphate fertilizer had 
no influence on corn grain yield (Table 3). 

Soybean yield. No difference was noted in soybean 
yields resulting front the residual effect of nitrogen and/ 
or pihosplhate fertilizer applied to a prior corn crop
(Table 4). Soil test results of samples taken front vari-

ously fertilized plots before the second crop of soybeans
was planted indicated imlortant differences. Soil phos-

imprtanwas pante indcate diferenes. oil hos-I)horus values showed an increase following phosphate
fertilization (Table 5), while higher rates of applied
ruitrogen fertilizer decreased soil p1H from 6.5, 5.9, 5.7 to 
).5 with 60, 120, and 180 kg N/ha. Moreover, N fer-
.lizer had the effect of decreasing the amount of extract-
ihle soil P. This was particularly apparent in the absence)f applied P fertilizer. Plant removal and increased soil 
tcidity probably accounted for tie lower soil P status. 

Sweet corn yield. Neither the sweet corn yield nor 
he number of ears per liectare increased as a result of 
esidual N and/or P fertilization. Apparently soil nitro
,en not utilized by the initial field corn crop had been 
ost by leaching or volatilization. Soil phosphorus, on the 
)ther hand, remained adequate under the conditions of 
he experiment for both ..',ccessive soybean and sweet 
orti crops. 

;ystem 11 
Rice yield. Rice, the first and only crop fertilized in 

lie rice-soybean-sweet corn system, responded to 	 bothpplied nitrogen andiphosphate (Table 6). Rice yield
ncreased as nitrogen fertilizer was added up to 80 kg 

Table 2. 	Chemical Analysis of Surface Soil Sample (0-15 cm 
Depth) 

Extractable elementsal- Mag

pHM 	 Ph ru sh ms
(a sum ciPt nesium 
(ppm) 	 (ppm) (meq/ (neq/ 

_____________________100 g) 101 	 g) 

7.2............. w311 39.7 3.29
35.3 0.14 
Kjeldhal method. 
Bray II method. NH4OAc, pH 7 extraction with flame photometer method.


d NH,OAc, pH 7 extraction with atomic absorption method.
 
'Soil: HO = 1:1.
 

Table 3. Effect of Different Rates of N and P Fertilizers on 
Corn Grain Yields 

Corn grain yields" (ton/ha)Nitrogen at three rates of Phosphorus(kg/la)(kg/ha) 	 tthree rates fplshors _g/ha 

________________0_ 40 801 Average
-1 40 80 Average 

0................... 1.07 1.50 1.69 1.42 
6o.................. 2.98 3.33 3. 16 
 3. 16 ............. 
3.99 3.87 5.35 4. 40110.............. 5.29 4.44 3.62 4.45
Average ............. 3.33 3.29 
 3.4(i K = 3.36 

% CV = 21.00 
For treatment For N For P()6 

LSD.,,................... 1.21 0.70 NS 
ISD.o ................... 1.65 
 0.95 NS 

Data taken at moisture-4content. 

Table 4. 	Residual Effect on Soybean Grain Yields of N and P 
Fertilizers Applied to Previous Corn Crop 

NSoybean yields (ton/ha)
Nitrogen a 	 frertso hshrs(gla(kg/ha) atthree atesofphosphorus (kg/ha) 

0 40 10 Average 
0................ 1.66 1.51 1.90 1.69 
(0.................. 1.49 1.183 1.99 1.77
 
120................. 1.47 1.66 1.37 1.50
 
180 ................. 1.93 1.49 1.95 1.74
Average ............. 1.64 1.62 1 .11o , = 1.69
% CV = 24.32
 

LSD.,,5 = NS for both N and 1'PO,,

LSDI = NS for both N and P O5
 

Table 5. Effect of Nitrogen and Phosphorus Applied to First 
Crop on Extractable Phosphorus Levels Before 
Planting Second Crop 

Extractable phosphorus (ppm) 
(kg/ha) at three rates of Phosphorus (kg/ha) 

0 40 110 Average 

0 ................... 
26.3 :31.3 :33.11 30.560 .................. 23 .8 22.5 
 30.0 25.4120................. 15.0 18.8 45.0 26.3
180................. 17.5 23.8 30.0) 
 23.8 
Average ........... 20.7 24.1 34.7 X = 26.5 



N/ha. A small but nonsignificant response to 120 kg 
N/ha over the 80 kg rate was recorded. Rice yield was 

increased following P fertilization atalso significantly 
a rate equivalent to 80 kg P2O,/ha, but only after N 
fertilization. Indeed, it would appear that, provided 80 
kg N/ha was added, the soil P status was adequate with-
out added P fertilizer. 

Soybean yield. Residual fertilizer phosphate from the 
previous rice crop significantly increased soybean yield 

(Table 7) over that in controls in the plots that had 
previously received rates equivalent to 40 and 80 kg 
P.,/ha. There was no significant difference between 
these two rates of added fertilizer phosphate. On the 
other hand, residual nitrogen from the previously nitro-

on soybeangen fertilized rice appeared to have no effect 

yield (Table 6). The increase in extractable P (Table 
8) reflected a buildup in potentially available phosplhate,
and no doubt accounted for the soybean response. In 

this sense, P recovery, and thus efficiency of use, was 
improved by the growing of soybeans, the second crop 

in system II. 
Sweet corn yield. Neither sweet corn fresh ear weight 

nor number of ears was influenced by residual fertilizer 
nitrogen and phosphate. It appeared that the phosphate 
fertilizer applied to paddy rice at 80 kg P.2O.,/ha had 
significantly increased soil residual l)hosl)horus (Table 

Table 6. 	Effect of N and P Fertilizers on Rice Grain Yield 

(kg/ha) 
(kg/ha) 0 40 i0) Average

Nitrogen Yield (ton/ha)" at three levels of P1120, 

0 ................... 3.35 3.13 3.46 3.3 1 

40 .................. 4.11 .B711 5.25 4.38
 
80 .................. 5.95 4.99 5.60 5.51 

12) ................. 5.79 5.92 6.06 5.92 

Average ............. 4.110 4.46 5.09 4.711 


%CV = 11.57 
For treatment For N For P O 

0.94 0.54 0.47ISD., .. . . . . . . . . . . . . . . . . . . . 
tS1) ...................... 1.27 0.7.4 0.64 


o Data taken at 13.2% moisture content, 

Table 7. Residual Effect on Soybean Grain Yield Resulting 
front N 	and P Fertilizer Applied to Previous Rice 
Crop 

Soybean 	yield (ton/ha)"
Nitrogen at three levels of phosphate (kg/ha) 
(kg/ha) 

1 40 B0 Average 

2.119 2.:110 .................. 1.94 2.31 

40.................. 1.96 2.311 2.23 2. 19 

81 .................. 2.23 2.30 2.89 2.47 

120 ................. 1.113 2.39 1.91 2.111
 
Average ............. 1.99 2.35 2.48 ; = 2.27 


CV = 15.19 
For treatment For N lor P(h 

. 0.511 NS 0.29 
LSD., . . . . . . . . . . . . . . . . . . . . . 0.80 NS 0.40 

Data taken at 14% moisture content. 

LSD.05 . . . . . . . . . . . . . . . . . . . . .
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Table 8. 	Effect of N and P Applied to a Previous Crop on 
Levels of Extractable P Before Planting a Succeed. 
ing Crop 

Extractable phosphate (ppin) 
(kg/ha) at three levels of applied phosplhat, (kg/ha) 

( 	 ,0 I ( Average.

. . 30.0 27.5 10.0 29.2
 

40 .................. 22.5 :2.5 :0.0 28.3
 
M).................. 17.5 22.5 :10. 1 1 .13
 
120 ................ 22.5 :17.5 40{.t0 33.3
 
Average ............. 2:1.1 :to.0 35.0 . =29.2
 

Table 9. 	 Effect of N and P Applied to Two Previous Crops 
on Levels of Extraclable Phosphorus Present Before 
Planting a Third Crop 

Nitrogen thre tale In slhote(PIi) 
(kg/ha) 0t 4appliN rkg/ethree levels l oslate(} 'I(l (II) Avecrage 

0 .................. 31.3 36,3 6..5 1) .41.2
 
4o ............. ..... 1.0 42.5 52,5 I5.11
 
8).................. 33. it :1. 56.3 ..10.5
 

120 ................. 27.5 36'3 
 46.3 36.7 
Average ............. 32.'2 36. f 55.Ml .11l.fi
 

-verage....... ....
:.....:......5....1 

8). In fact, soil from the rice plots that originally rc
ceived the high rate of P fertilizer appeared to increase 

in the amount of extractable P with time (Tables 8, 9). 

cystom 	 ill 

The growing of two soybean crops prior to planting 
sweet corn provided the opportunity to evaltiate the 
initial and residual effect of applied phosphate and pot
ash fertilizers on soybean yield and the residual effect 

on sweet corn resulting from soybeans so fertilized. 
Chemical analysis of surface soil taken at the initiation 
of system III is presented in Table 10. 

First crop soybean yield. Soybean yield as influenced 
by phosphate and potash fertilizers is presented in Table 
11. The application of 80 kg K..Oiha increased the 

average grain yield by 18.4 percent (front 1.37 to 1.68 
tons/ha) over zero potash treatment. Certainly, only 
49.7 ppnl extractable K (Table 10) might he considered 
low for the growth of soybeans in this soil. A gradual 
soybean yield increase was noted as potash fertilizer rates 

were increased. Soybeans showed no response to ap)lied 
lphosphate fertilizer (Table 11). The soil test extra'tah 
P of 43.2 ppm (Table 10) appeared adequate for the 

growth of soybeans on this soil. 

Second crop soybean yield. Residual potash from pre
viously applied fertilizer influenced the yield of the sec
ond cropping of soybeans (Table 12). An average of 

half a ton grain yield increase over the control (1.71 to 
2.28 tons/ha) was obtained from the residual effects of 
potash fertilizer applied at a rate equivalent to 80 kg 

K..O/ha. The residual effect on soybean yield frot pre
viously applied potash fertilizer appeared to be signifi

cantly greater at 80 kg K._.O/ha than at 10 kg K..O/hla. 
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Table 10. 	Chemical Analysis of Surface Soil Sample (0-15
cm) 

Extractable elemnentsPta-1 TaN Po el-mens 
Total N, Phos- Potas- cual- Mag-,!

(%)ppo shin)(meq/ (meq/ 
Ip 100 g)100 g) 

6.6............ 0,03413 43.2 49.7 1.76 0.11 

SKjeldhal ,iethiod.


1ray II zethnod. 


NII,O,.c, p11 7 with flame photometry method. 
iNH,(.\c. p1l 7 with atomic absorption method,

Soil: lh( 1:1. 


Table i. 	 Effect of P and K Fertilizers on Soybean Grain 

Yields 

Phtosphate 	 Soybean yield (ton/ha)Aas I'.Ob at three levelsof potassium as KO (kg/ha) 
(kg/h0 40 80 Average 

.................. 1 . .311 .311 -cropping 

0 ................... 1.31 1.3B1 1.67 1.45

30............. .... 1.48 1.61 1.67 1.59

6(i .................. 1.t4 1.51 1.7 1.55


0r................. 1.25 1.54 1.67 1.44

Fo........I.X.1 r .O 


................... NS 0.22 


LD............N 0:0 

Data taken at 14% moistnre content. 


Table 12. 	 Elect of Phosphorus and Potassium Applied to a 
Previous Crop on Soybean Grain Yields front the 
Second Crop 

Soybean yield (ton/ha)
(kg/ha) 	 e v(hophoi) -itt three Ievels l of potassiumn a.ss K20O (kg/ha) 

(kg/ha) 0t 40 110 Average 

0 ................... 
 1.7.1 2.113 2.05 	 1.97
311 .................. I ..44 2.21 2.30 1.9 

60 .................. . 72 2.109 2.19 2.00 

90 .................. 1.93 2.3. 2.513 2.21 

Average ............. 1.71 2.211I
2. 19 =2.06 

For 11()0 For K20 

LSI ,.................. NS 0.333 

LSD.I.................. NS 0.452 


Extractable soil K from soil satples taken after the 
first soybean crop is presented in Table 13. It is of 
interest to note that average extractable K (-43.1 ppm) 
front the control plot was not nuch lower than the ini
tial (-19.7 ppmi) soil K level (Table 10). However, the 
residual effect of 80 kg K.O/ha applied potash increased 
the average extractable K to 63.3 ppn (Table 13). The 
increase in extractable K was associated with a significant 
second crop soybean grain response over the check, 

As in the first soybean crop, no response to applied 

phosphate fertilizer was observed. Failure of the second 
soybean crop to respond to added phosphate supports the 
first ciop results and thus confirtms the hypothesis that a 
soil with more than 43 ppm extractable P provides ade-
quate availability of this nutrient. 

Sweet corn yield. Neither sweet corn yield nor cars 
per hectare appeared to be influenced by the previous 

fertilization of soybeans. These results suggest that previous phosphate and potash fertilization had not differ
entially affected the soybeans to fix atmospheric nitrogenin such a way that the succeeding sweet corn crop might
benefit. It could have been hypothesized that soybean 

response 	 to applied potash would result in increased
residual soil N, which would be reflected in greater sweet 
corn yield. Soil extractable K appeared to be less af
fected following fertilization than soil extractable P. In
other words, soil P status could be more readily increased
by P fertilization than could soil K status be increased 

by potash fertilization. 

COMPARISON OF THREE-CROPPING SYSTEM 

General 	Comments 
Since sweet corn was the last crop in each of the three 

systems under study, comparative corn yields 

Table 13. 	 Effect of Phosphorus and Potassium Fertilizers 
Applied to First Soybean Crop on Extractable
Potassium Levels Present After Harvest 

Extractable soil potassiuim (ppn) 
. . . . N 0(PhOz) at three levels of potassium as K)O (kg/ha) 

41) 80 Aveag
(kg/ha) 0 411 10 Average
 

0 ................... 33.9 
 47.: 69.1 511.1 
30.................. 56.9 43.4 56.9 52.4
 
6o .................. 40.11 50.0 
 61 .0 50.6
 
90.................. 40.8 39.3 66.3 48.8

Average ............. 43.1 
 45.0 6:3.:3 5 - 50.4 

Table 14. 	 Sweet Corn Fresh Ear Weight Computed as Treat

ment Means for Each of lhree Cropping Systems 

Treat- Treat-
Cropping system Yield (ton/ha) ment ment 

total mean 
Soybean-soybean-sweet 

corn ................ 10.88 12.76 14.19 37.8: 12.61 
Field corn-soybean-sweet 

corn ................ 10.11 8.38 8.44 26.93 8.98 
Rice-soybean-sweet corn 10.10} 10.33 (1.511 29.01 9.67 

Total and mean ..... 93.77 10.42 
LSD 5% = 2.471% = 3.74
 
cV = 11.91%
 

Table 15. Soybean Grain Yields front Three Cropping Sys
tens Influenced by the First Crops 

Treat-Treat-

Cropping system Yield" (ton/ha) isent ment 
total mean 

Soybean-soybean-sweet corn. . 1.84 1.79 2.55 6. 11I 2.06 
Field corn-soybean-sweet corn. 1.77 1.64 1.65 5.06 1.69 
Rice-soybean-sweet corn ...... 1.18 2.33 2.31 6.82 2.27 

Total and mean ........... 18.06 2.01 
CV = 13. 16% 

' Data taken at 14% moisture content. 



provide one measure of comparing the different systems 
relative to residual and accrued soil fertility. The mean 
yield of sweet corn fresh ear weight .vas computed for 
each cropping system and compared (Tabik 14). It was
found that the mean sweet corn ear weight from systemIII (sotbean-soybean-sweet corn) was about 30 percent
higher than in the other cropping patterns. Observations 

e tBarber, 
made during the study also revealed longer ears and a 
higher percentage of marketable sweet corn from sys-
tern IT. 

Nitrogen fertilization is recognized as a critical factor 
in crop production, especially because of its recent ele-
vated ost. Change in soil nitrogen supply resulting frost 
differen cropping systems suggests a re-evaluation of 

management techniques. Thus, the higher yields of sweet 
corn noted above might be interpreted as an increase in 
soil N brought about by two crops of soybeans. A soy-
bean crop has been estimated to biologically fix about 
75 kg N/ha annually (Hardy et al., 1971 ) and to rentini 
unchanged by nitrogen fertilization (Stewart, 1966). 

Fertilizer Efficiency 
Our results front studies of v'arious cropping ststens 

show not only varying degrees of residual buildup in soil 
phosplhorus and potash following fertilization, but also 
an increase in soil acidity due to N fertilization, and pos-
siblv even more important changes in soil productivity, 
It is interesting, for instance, that cropping system III 
(soybean-soybean-sweet corn), which received no appli-

cation of N fertilizer (other cropping systems initially 
received from 120 to 180 kg N/ha), producel signifi-
cantly higher yields and better quality sweet corn. It 
would appear that fertilizer use efficiency was different 
among the cropping systems under study and that fer-
tilizer use was most efficient in systet i1. 

Some investigators have repo rted reduced yields when 

certain legumes are planted in itmnediate sequence. 

Studies at the International Rice Research Institute 

(Herrara and Harwood, 1975) have indicated that a 
second mung bean crop gives depressed yields when 
planted immediately after a previous nmung bean crop. 
Our results with soybeans do not show a similar effect. 
Indeed, soybean yields appeared a little higher when soy-

hear followed soybean than when soybean followed corn 
(Table 15). It is also interesting to note that the highest 
soybean yield (2.27 tons/Ia) was obtained in the rice-
soybean-sweet corn cropping system in which soybeans 
were hand-planted directly into the rice stubble. In other 
words, in this treatment soybeans were unfertilized and 

.\ further reduction in productionreceived no tillage.
costs therefore was attained in this soybean-soybean-

sweet corn system. An economic analysis of these data, 
examining the net farm income frosn tile different crop-
ping systems, deserves study. 
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Discussion 

D.E. Byth: It was suggested that moisture stress is less 
critical in the pre-ftowering phases than it is later. 
While this is probably true for long season crops, it 

May not be so where shorter season crops are grown 

and where early vigor is crucial. Is there evidence of 
this in short season culture? 

M. D. Dawson: Certainly ntost of the data on carlv 

stiess has been derived fron long season cultue. How

ever, there have been reports of differences antottg c(ul

tivars in response to stress. and these have been pri

marily in short season culture. I want to e'tphasize 
that the best way to show genetic differences in yield 

potential among cultivars is to conduct tests under 

minimal stress conditions. 
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Planting Date and Plant Spacing 
in Soybean Production 

H C Minor 

Soybean yields have increased gradually as the result 
of varietal imlpovement and better management. While 
varieties can be improved still more, much of the yield 
)otelltial a1vailable in existing varieties remains unex-

ploited is the result of improper management or un-
tilewly performiance of applropriate practices. The mIag-
nittude of this unexploited potential is alluded to in a 
statement by P'endleton and I lartwvig (1975): "The 
di crence in ave r ie soy bean yields from a community, 
state, or region and the yields fromi either research sta-
tions Ir outstanding growers therein is primarily due to 
ma nagemIlent." 

In this paper only two important aspects of soybean 
management are discussed: date of planting and plant 
spacing. I lowever. these cultural practices, which inter-
act with most other manipulations that influence the 
availability of factors required by the plant, can rarely 
be con,,sileredt indepen(dently. 

PLANTING DATE 

Effects of Planting Date on Flowering and Maturation 
Soybeans are believed to have originated in a temper-

ate climate; hence most iml)rovement of the crop has 
been oriented towards situations where it must fit into 
a more or less well defined sumniner season bounded by 
a cold spring and fall. In the changing seasons of a teln-
perite zone, growth and reproduction must be synchro-
nized with the changing weather. Tihe "key" to the 
sobealm's adaptation to this situation is its responsive-
ness to photoperiod. Because it is a short-day plant, the 
so)'hean flowers only vhen the lhotoperiod is sufficiently 
short. An adapted variety will be planted in temperate 
areas after the soil is warni, but before the maximum 

photoperiod is reached. It develops vegetatively until 
the photoperiod shortens to below a "critical duration" 
and then it flowers. Reproduction and maturation also 
take placeliwhen the photoperiod is decreasing in dura-
tion. 

Under these conditions tile response of a soybean va-
riety to photoperiod determines the range of latitude 

over which it will be adapted. Soybean varieties have 
been divided into 12 maturity groups, 00 to X, based 
on their north-south zone of adaptation. As a variety is 
moved to a location closer to the equator, shorter photo
periods are encountered during the sununler. Colse
quently, the variety flowers earlier than in its zone of 
adaptation, and vegetative growth is reduced. Con
versely, as a variety is mioved to a latitude higher than 
that to wvhich it is aIdapted, longer photoperiods are 
encountered, and the plant remains vegetative until 
daylength shortens to less than the critical photoperiod 
of the variety. Flowering may occur so late that fall 
frost will not permit the variety to complete its repro
ductive cycle. Relative to a full-season variety adapted 
to an area, a variety from a higher latitude will flower 
earlier, and one from a lower latitude will flower later 
when all are grown at the same location. Varieties can 
always be moved to a location closer to the equator than 
that to which they are adapted where they will mature 
before the end of the growing season. 

Data on the effects of moving a variety north or south 
\%ere obtained at Beltsville, Maryland (390 N. latitude) 

by simulating the photoperiods of 360, 320 , 200, and 50 
latitudes (Table I). Each variety flowered and matured 
in fewer days as it was "moved" to lover latitudes. Con
versely, as the varieties were "moved" to higher latitudes. 
flowering and maturity were delayed to such an extent 
in the case of Hardee that it did not mature before 
frost under the simulated 320 or 360 conditions. 

Date of planting is one of the most critical cultural 
practices in soybean production. As planting is delayed 
during the summer season, time to maturity is shortened. 
Normally the life-cycle duration of late varieties is re
duced inore than that of early varieties. The reduction 

in number of days from emergence to maturity as plant
ing is delayed represents an accumulation of diflferences 
from one or more stages of development of the plant. 

Sufficiently early varieties will show no response to 
photoperiod during the pre-flowering stage. Variations 
in days to flower at different dates of planting occur 
largely in response to temperature difrerences during 

H. C.Minor: Department of Agronomy and INTSOY, University of Illinois, Urbana, Illinois,U.S.A. 
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Table 1. Days to Flowering and Maturity Under Simulated maturing, determinate cultivars when planted betveen 
Photoperiods from June I to September 30 February 15 and March 15 (Saxena et al., 1971b). 'Fle 

Cil- Ma- Days to first flower i)ars to maturity type of behavior observed is characteristic of plants with 
tivar turity - a sink-source imbalance; too few fruiting bodies are 

group 36' 32' 200 50 360 320 2)' 50 present to fully utilize the photosyntlate produced by 

Hill V 36 33 36 28 105 98 91 71 the plant.
 
Lee VI 44 36 34 20 137 129 99 74

Bragg VII 44 38 34 22 129 131 102 79 Effects of Planting Date on Yield
Hardee VIII 68 51 42 24 . 101 81 In northern areas of the United States planting date 
0 Indicates that variety did not mature, 	 affects the yield of late varieties more than that of early 
Source: adapted froin Hartwig, 1970. 	 varieties (Leffel, 1961 :Osler and Cartter, 1954; Torrie 

and Briggs, 1955; Weiss et al.,1950). Their optimuln 
planting date is early in the season. Torrie at d Briggs

the pre-flowering stage (Lawn and Byth, 1973). .\bel (1955), and Weiss et al. (1950) reported steady declines 
(1961) reported that delayed planting reduced the time in yield for late varieties planted after ttid-Ma\-. Yield
 
from 50 percent flowering to maturity in a very early of early varieties was found 
 to difler little as tle esult 
variety. Subsequent research by Lawn and Byth (1973) of delayed llntting. In trials where yield was depressed
 
showed that reductions take place primarily during the in bothi eariv and late varieties because of late plantitig

flowering phase. (Feaster, 19-t9; Leftel, 1961: Weiss et al., 1950), tile
 

The reduction in life cycle of late-nmaturing 'aricttes ,,ptiiiIIttI plalttintg date for the early varieties was two 
as planting is delayed occurs primarily prior to fh'wering to three weeks later than the optimntntt for the late va
(IIartwig, 195.; Leffel, 1961; Mooers, 1908) . atlugh rieties. lighest yields are generally obtained with Tari
reductions in later stages are imlportant in some variety- eties that nse the full season, maturing just before 
planting date combinations (Lawn and Byth, 1973). autumlnm frost. 
Pre-flower reductions are positively correlated with the Tile effective growing season in soutiern soybean
genetic lateness of the variety. The later a variety, the producing areas of the United States is longer than in 
grea ter the decrease in this stage of development as tile north, and date of laiting is It ore flexible. In Nlis
plantings are niade under progressively -shorter day- sissippi Hlartwig (195-h) fonnd that adapted varieties 
lengths. The marked reduction in life cycle of late
maturing varieties results in their date of maturity being 
less influenced by date of plhnting than that of earlier 170
varieties (Lawn and Byth, 1973; Ilartwig, 195-1t Iel,. /\\peUP.TER
 

- /
1961 ; Moners, 1908). 

The effects of planting date on flowering and iv- 0
 
turity of five varieties at Mayaguez, Puerto Rico (' 5o / -

N. latitude) are shown in Fig. 1. The varieties Wiiatns, /

Clark 63, Hardee, Improved Pelican, and Jupiter. which DAYS TO "IMPROVE&\
 

MATURE 130- 1 PELICANare representatives in maturity groups III, IV, VII,VTIII, and IX, respectively, were planted at intervals of 	 \ 

approximately six weeks throughout the year. The mun-	 ,i IRE, 
ber of days required for Williams and Clark 63 to flower 11,
 
and mature were not significantly affected by date of / , ,,
 
planting. However, the varieties 1-ardee, nproved Peli- .CLARK 63 , .
 
can, and Jupiter were sensitive to the seasonal change 9"
 
in daylength encountered at 180 latitude. Both the vege- WILLIAMS
 

tative (pre-flow-ring) and reproductive (flowering plus
 
post-flowvering) :;tages were longest for planting dates 60 
 / JUPITER 

that resulted in lowering during, or shortly after, the DAYS TO /IMPROVED

longest day of the year. These planting dates were May FLOWER -- PELICAN,
 

20 for Hardee and Improved Pelican and April 7 to 40 ...-- ".OE .. ...
 
May 20 for Jupiter. - K 63


A R
 

Maturation (Fig. 1) of Jupiter, when planted at dates 
that resulted in extended vegetative and reproductive 20 tWILLIAMS 

stages, was abnormal. Stems and leaves remained green )I I I I I I I I I I 
even after pods wvere fully ripened. Similar behavior 01/14 04/07 06/30 09/11 12/02 
has been noted for several varieties in Australia (280 S. 	 PLANTING DATE 
latitude) wvhen date of planting was such that flowering Fig. I. EIfects of planting date on flowering and maturity 
terminated during periods of long daylengths (Lawn and of five Soybean varieties, Isabela, Puerto Rico (18' N.). 
Byth, 1973) and in India (29' N. latitude) for late- Source: C. Nissly, unpublished. 
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could be planted over a considerable range of dates 
with little reduction in yield. Highest yields were ob-
airied when plantings were made at daylengths of 141/, 

hours (early May), the critical photoperiod for most 
,idapted southern varieties. Early flowering and reduced 
growth decreased the yield of full-season varieties planted 
three week, before daylength increased to 14, hours. 
The yields of early varieties declined steadily as planting 
was delayed. Farther south in Florida date of planting 
is frequently in early June (Hinson, 1967). Although 
earlier plantings produce higher yields under favorable 
conditins, soil moisture is often inadequate for estab-
lishnientmidwesternUnitedlhentofthena c entu 

in northern and central India nxincum summer 
yields are obtained when date of planting coincides with 
the beginning of the monsoon in mid-June (jethnialani 
et al., 1969; Saxena et al., 1971a). Rainfall distribution 
in these areas, as at many tropical and subtropical loca-
tions, establishes limits on the growing season available 
for production of a nonirrigated soybean crop. The date 
of planting-variety combination that will produce niaxi-
mum yield must fit within those limits. A variety that 

matures before the end of the rainy season may be diffi-
cult to harvest and will produce seed of low quality. 
Conversely, a variety that does not complete maturation 
before soil moisture is depleted may produce low yields 
as the result of moisture stress, 

Similar logic can be applied when the restraint on 
cropping season length is another crop in the cropping 
systeni. The desirable (late of planting-variety combina-
tion is the one that full' utilizes the time available for 
the soybean crop. 

Dry season (winter) plantings in northern India (290 
N.) produce highest yields when date of planting is in 
mid-February (Saxena et al., 1971b). Varieties of ma
turity groups I to III are more productive during this 
season than are varieties of maturity groups V to VIII. 

PLANT POPULATION AND DISTRIBUTION 
Response to either population or row spacing is closely 

correlated with the ability of the crop to intercept most 
of the incoming radiation without so much growth that
 
o iing rdItion wo ut souch growth th 
lodging 	 occurs. In the soybean-produclng area of the 

States, the yield of adapted soybeanvarieties is stable over a range of plant populations.
Probst (1945) reported that maximum yields of well 
adapted varieties in 76-cm rows could be obtained with 
13 to 20 plants per meter of row. Yield differences over 
the range of populations studied (8 to 39 plants per 
meter of row) averaged nly 11 percent. Weber et al. 
(1966) studied populations from 64,000 to 516,000 
plants per hectare in row widths of 12.7, 25.4, 50.8, and 
101.6 cm. Maximum yields occurred at either 128,000 
or 257,000 plants per hectare. Yield differences between 
plant populations were least in the widest rows. 

Row-to-row spacings of 50 to 60 cm have frequently 
been demonstrated to result in higher yields than when 
wider spacings are used. Pendleton et al. (1960) re
ported that in Illinois 61-ctn rows consistently gave 
about a 15 percent yield advantage over 102-cm rows. 
Yield advantages for even narrower row spacings have 
been reported. Timnmons et al. (1967) reported that 
yields generally increased as row spacing decreased from 
102 to 20 cm. Weber et al. (1966) found a significant 

Table 2. Results from Coordinated Variety Trial, Boliche,* Ecuador, 1970 

MaturityVariety group 

Pelicano ......... ........................... ... 

Abura. ....................................... ... 

Mandarin .................................... ... 

Americana .................................... ... .
 
Inproved Pelican ................ ............. VIII 

Hardee....................................... V III 

Bragg ...................................... 

Semmes ...................................... 

Lee 68 ....................................... 

)avis ........................................ 

Dare ......................................... 
H ill .......................................... 

Clark 63 ..................................... 

Adelphia .................................... 

Corsoy....................................... 

H ark .......... ............................. 

M ean ...................................... 


5 between populationLSD.o	 means 


VII 
VII 

V I 

V I 
V 
V 

IV 

III 

II 

1 


100,000 plants/ha

Yield Height at 


(kg/ha) maturity (cm) 


1,796* 1, 95**1, 
2,121** 63 
2,101* 94* 
1,995* 66 
2,080* 82 
1 930 211 

1 ,400 27 
1 621 21 
1,500 19 
2,003* 30 

1,528 23 

2,030* 28 

1 695* 39 

1,893* 34 

580 


1,527 
1,737 


.............................. 

LSD.ob between populations within a variety ..................... 

LSD.
05 between varieties at 	the same population.................. 


25 

35 

44 


Yield 


85 kg 

342 kg 

462 kg 


40(0,000 plants/ha Yield Height 
Yield Height at increase increase 

(kg/ha) maturity (cm) (%) (%) 

1,939 98* 8 3 
2,140 93 -1 48 
2,135 102** 2 9
 
2,442 80 22 21 
2,539* 90 22 10 
2,191 45 14 61
 
2,245 40 60 48
 
2,51(0 31 55 41
 
2,275 32 52 68
 
2,999** 43 50 43
 
2,082 39 36 70
 
2,717* 40 34 43
 
2,475 55 46 41
 
2,705* 50 43 47
 
1,323 37 128 48
 
2,241 49 47 40
 
2,310 57
 

Height
 

1cm
 
4 cm
 
7 cm
 

* 30 S.latitude, 50 m 	altitude. Trial was conducted by Eduardo Calero, Chief of Oil Crops Investigation, Instituto Nacional de In
vestigaciones Agropecuris (INIAP).
 
-The top yielding or tallest location isdesignated by a double asterisk (**). Treatments not differing significantly from
variety at a 
it are denoted by a single asterisk (*). 
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linear increase in yield as row spacing decreased from 
102 to 13 cm. The yield advantage of row widths of 
25 cm or less conflicts with earl), reports. Burlison et al. 
(1940), and Kiesselbach and Lyness (1942) found no 
yield advantage of close-drilled plantings spaced 61 cm 
apart over intertilled rows spaced 97 cm apart. The lack 
of weed control measures in close-drilled rows may have 
decreased yields in these early experiments. 

As a rule of thumb, Hanway (1954) suggests that if 
a short, early variety is being grown or the fertility level 
is such that vegetative growth is limited, spacing rows 
as close as available equipment will handle will usually 
result in higher yields than for wider rows. 

Trials in the southern United States have produced 
results similar to those in the Midwest with respect to 
population but not row spacing. .Johnson and Harris 
(1967) found that for Bragg, an optimally adapted va-
riety at their location, significant yield responses were 
not obtained for increases in population above 6.6 plants 
per meter in 91-cm rows. Two early and one late variety
required 26 plants per meter of row to produce maxi-
mum yields. No yield reductions resulted from popula-
tions above the optimum. 

Row spacing in the southern United States has tradi-
tionally been approximately one meter. Johnson et al. 
(1959) suggest that there is little advantage of rows 
closer than 91 to 107 cm for full-season varieties planted 
early. The advantage of narrow rows increases in late 
plantings. 

Vegetative development of most soybean varieties. 
when grown in the tropics, is reduced as a consequence 
of hastened flowering. When vegetative development is 
curtailed, soybean yield can frequently be increased by 
increasing plant population. A measure of the response 
of soybean varieties to plant population at a tropical 
location was obtained in Ecuador (30 S.). The trial was 
similar to that of the International Soybean Variety 

3000 

2000 

YIELD 
(kg/ho) 

I000 

4CC~ 0 - . 

cc 

EARLY 

Evaluation Experiment (ISVEX) in that it included 
a group of introduced varieties froi the United States 
and several local entries (Pelicano, Abura, Mandarin. 
and Americana). Each was planted at populations of 
100,000 and ]00,000 plants per hectare and managed 
as currently recommended for the ISVEX. Date of 
planting was in September and the crop was irrigated 
(Table 2). 

The yields of the local entry, Americana, and all va
rieties of the introduced group except Hardee were sig
nificantly higher at a plant population of 100,000 plants 
per hectare than at 100,000 plants per hectare. Varieties 
of maturity group VI11 or earlier tended to respond more 
to the increase in plant population than varieties of later 
maturity groups (Fig. 2). For the varieties of maturity 
groups I to VII, the mean yield at 400,000 plants per
hectare was 55 percent (780 kg/ha) greater than at 
100,000 plants per hectare. 

The height of all varieties except Pelicano increased 
when plant population was increased. The mean increase 
in height was 13 cm. Pelicano and Mandarin were the 
tallest varieties at both plant populations (Table 2). 

While the trial did not include a sufficient number of 
population levels to permit estimation of an optimum 
plant population, it did illustrate that the estimate of 
yield potential of each variety depended on the plant 
population at which it was grown. At the low popla
tion Abura was the top yielding variety. None of the 
other local entries or Improved Pelican, lardee, Davis, 
Hill, Clark 63, and Adelphia, yielded significantly lss 
than Abura. At the high population Davis was the 
highest yielding variety, and the yields from lill, Adel
phia, and Improved Pelican did not differ significantly 
from that of Davis. Davis produced significantly more 
than the highest yielding local entry. However, findings 
of Bastidas et al. (1971) in Colombia (3' N.) indicate 
that the optimum population for a tall, indeterminate 
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Fig. 2. Response of soybean varieties to plant population, Boliche (30 S.), Ecuador, 1970. 
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variety may be less than 400,000 plants per hectare and 
that this population level may result in a yield reduction, 
Converselv, varieties of the earliest maturity groups may 
not have produt u,! their maximum yields at 400,000 
plants per hrectare. 

The effects of plant distribution (row-to-row spacings) 
at tropical locations have been less thoroughly studied 
than the eft'ects of plant population. Nevertheless, it is 
expct(d that the effects of plant distribution are also 
accentuated when varieties that make limited develop-
bent areirown. In research conducted in central India, 
Minor 1971) found that the effects of row spacing in-
(rtasd as planting was delayed (Fig. 3). At the earliest 
pi .irrting date (June 10). no consistent differences in 
'ield resulted from variations in row spacing. IHowever. 
during the second (June 25) and last (July 20) dates 
of planting, there were linear declines in yields as row 
width was increased. 'lie decrease at the second date 
was 223 kg per hectare, or 6 percent, over the range of 
row widths studied. At the last planting, the decrease 
was substantially greater. Soybveans in 30-cmirows out-
yielded those in the widest rows by -198 kg per hectare, 
a difference of 17 percent. The nature of the response to 
row width at these last two dates of planting suggests 
that rows less than 30 cm apart might further increase 
yield. Optimum plant population was largely indepen-
dent of row spacing (Fig. 3). 

in eaeh of the last two trials reportvtd, soil fertility 
was adequate. '[lie environmental factor that reduced 
VegetatiVe deV'elollent was exposure to short photo-
periods, cither as a onsequence of latitude or"(late of 
planting. However. other coninonly encountered condi-
tions, such as moisture stress or low soil fertility, can 
limit plant developmnent. The possibility of compensatig 
for reduced vegetative growth at low levels of soil fer-
tility tirrough tih proper selection of Cultural practices 
has recently heen studied in Brasil (Neunraier and 
Minor. unpublished). Tlrost' cultural practices consid-
ered were date of planting, choice of eitlrer an early or 
lhte variety, and plant population. Dates chosen were 
October 15, the recommended date of planting for the 
region, and December 15, a late date, but one used by 
farners planting soybeans after wheat. Varieties were 
IAS-2. an early 'arietv for" the location, and Santa Rosa, 
a late variety. l Plant pl)opulations studied were 100,000, 

250,000, -100,000, 550,000. and 700,000 plants per hec-
tare. All comnbinautions of planting date, variety, and 
plant population wvere studied with and without appli-
cation of recommended aniounts of lime and fertilizers. 

Fertilization increased tie yield of soybeans 660 kg 
per hectare (33 percent). TIre yield response to fertility 
was similar for' erch date of planting and variety. How-
ever, the response was greater at the lowest plant popu-
lation studied tham at higher levels. At a low level of 
fertility, plants at a population of only 100,000 plants 
per hectare could rot compensate sufficiently to effec-
tively use tire, area available (Fig. 4). 

The recommended date of planting did not produce 

significantly higher yields than the date at the end of 
the planting season. This was true for all levels of fer
tility and variety. But, as in the case of yield response 
to fertility, the greatest difference between dates of plant
ing was at the lowest plant population. As in the other 
trials discussed, the responsiveness of soybeans to popu
lation increased as planting was delayed past the opti
mum time. Greater responses were probably not obtained 
because even the early variety in this trial, IAS-2, re
quired 42 days to flower and 104 days to mature at the 
late date of planting. A pre-flowering stage of this dura
tion meets minimum requirements under favorable con
ditions (Hart\vig, 1970). 

Of the varieties studied, the early cultivar, IAS-2, 
yielded more than Santa Rosa, and was the only one of 
the two to respond significantly to increases in l)lant 
population. The yield of IAS-2 increased as plant popu
lation was increased to 250,000 plants per hectare, at 
which point it stabilized. 

The failure of the two varieties to effectively use the 
area per plant available at low populations under condi
tions of native fertility and at the late date of planting 
was associated with their inability to maintain the num
ber of pods produced per unit of area. Individually each 
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Fig. 3. Mean response of two soybean varieties (Clark 63 
and Bragg) to row spacing and plant population for three 
planting dates, Jabalpur (230 N.) M.P., India, 1968. 
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Fig. 4. Effects of soil fertility, date of planting, and plant population on yield of two soy
bean varieties (IAS-2 and Santa Rosa), Guaiba (30° S.), R.S., Brasil, 1974-75. 

plant produced more pods than at higher plant popula-
tions, but as others have found (Veber et al., 1966), 

te spacing that 
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CONCLUSION 

of soybean flowering and na-
turity is reasonably well understood and is an important

Photopericdic control • ' 

determinant in the adaptation of a particular variety 
to a location or cropping system. In short-day environ-

illents, nost improved varieties developed in the tenI-
porate zones show little response to the fluctuation in 

photoperiod encountered and have a relatively constant, 

although shortened, life cycle. The Performance of these 

materials is nar'edly influenced by the nan agement to 

which they are st bjected. Later maturing and/or faster 

growing, improved varieties are becoming available in 

the tropics and should be less sensitive to management. 

When vegetative development is curtailed, soybean 

yield can frequently be increased by increasing the num-

and decreasing theber of )lants per unit of anl area 

spacing between rows. 'This appears to be true until 

enough plants aire established to give complete ground 

cover during pod filling. Tall, late-nmaturing varieties 
require fewer Plants per unit of land area to produce 

maximum yields than do short, early-maturing ones. 
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Soybean Cropping Systems in the Tropics 

S Shanmugasundaram 

in the tropics and subtropics environmental conditions 
permit year-round cultivation and crop production. A 
variety of crops is found growing sequentially or inter-
planted on the same land in a single year (1larwood. 
1975)..As soybeans become more popular and ecolonili-
cal to raise, farmers are including this crop in their crop-
ping systems. This paper presents a few examples of the 
diversity of cropping patterns into which soybeans are 
integrated in Asia. 

SOYBEAN-RICE 

No-tillage, rice stubble culture is frequently used in 
southern Taiwan and northern Thailand in areas wheresoybeans are sown in paddy fields followin. rice harvest, 
The period between two rice crops may he ig ited to 100 

days or less in some areas of Asia. Thus. time-saving 
techniques must be employed. In Taiwan tile second rice 
crop is harvested at the end of the monsoon rainy season 
after which soybeans are planted. The practice has the 
same advantages of any zero tillage system. i.e.. it 
saves time, avoids soil crusting, and minimizes soil roos-
ture loss (Scott and Aldrich. 1970). 

Farmers using this niethod sow soybean seeds in the 
paddy field by making an opening (about 2 (iil deep) 
close to the rice stubble with a small hand trowel. Two 
to four seeds are dropped into each opening. Most farm-
ers do not cover the seeds. One person can sow from 0.1 
to 0.2 hectare per day. By using the no-tillage, rice stub-
ble technique the soil is not disturbed, weed growth is 
reduced, and soil moisture is retained in the entire soil 
profile, 

The seeds are sown close to the rice stubble so that 
soybean roots will penetrate the puddled soil and grow 
into the decomposing root channels of the rice planit. 
Also, additional nutrients may be available to the soybean 

plants from the decaying rice roots, 
In southern Taiwaii rice is planted at a density of 180.-

000 to 200,000 hills per hectare. In these fields the spac-
ing between the rows of rice stubble ranges from 22.5 cmii 
to 25.0 cm. The close row spacing precludes intertillage 

an(i weeding operations. Some farmers apply a preplant 
contact herbicide or preemergence herbicides, or a comn
bination of both. ILarger weeds are removed by liand 
about the time the soybean canopy closes. 

Soon after plantin. rice straw is spread over the field 
and pressed close to the soil surface using the rice row 

iiarker. If this is not done, the straw will shade the sov
bean seedlings. which will become etiolated. The rice 
straw mulch conserves soil moisture. suppresses weed 

growth, and eventually adds organic matter to the soil. 
Some farmers burn the straw after placing it on tli( 

field, whereas other farmers remove it from the field and 
use it for other purposes. When applied, fertilizer is 
broadcast or banded near the soybean plants 10 to 15 
days after emergence. During the crop cycle both in

secticides and fungicides may be applied. 
The cultivars Shih-Shih. Wakajima. and Palmetto are 

planted in southern laiwan. These varieties reach ma
turity in less than 100 days. At harvest the plants are 
usually threshed by machine in the field, and the land is 
prepared for rice planting. The average soybean yield in 
southern Taiwan is 1.7 metric ton per liectare (Cleng. 
1972). In northern Thailand. where the cultivars S.1-f 
and SJ-2 are generally used. the soyl\ai yield is a))Iroxi
mnately 1.0 ton per hectare (F.\O. 1973). 

Intercropping of rice and soybeans is us.d when the 
period between rice crops is too short for a full season 
soybean crop. Farmers using this techinique plant soy
beans inl rows before the rice is harvested. Green pods 
are harvested and sold as a vegetable crop. (Grain soy
beans can also be cultivated using this method if sufli
cient time is available for the pods to mature. Here again, 
precious time is saved by planting before the rice harvest. 
Generally, no significant reductioni in rice yield is ci
countered if soybeans are planted 15 days before the rice 
harvest. However, in Indonesia farmers broadcast the 
soybeans in the rice field before the harvest of the rice 
crop. Because of poor germination and the use of poor 
cultural practices, yields are only 0.5 ton per hectare 
(Sonuaatmadja, 1972). 

S.Shanmugasundaram: AVRDC, Shanhua, Tainan, Taiwan. 
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SOYBEANS AND OTHER CEREAL CROPS 

Soybeans are sonietixnes cropped following or inter-
lanied with otlher cereal crops, such as corn and barley
al~mrd the," edltop la reith 7. suchaorn and 1973)',5(1)alh'yiple. 1.971 .oats ( lcndleton and I lartwig, 1973), 

and sirglii (Clieng. 1972). In One system used in 1'i1-
wil. olile roV of (01, or sorglhtn is plalted for every 
four rows of soybeans. In southern Taiwan the conibilna-
tion of corn and soybeans netteci the highest returns eVeni 
though the soybean yield was 35 to 65 percent below 
ptirv stand yields (Chao, 1975). 

SOYBEAN-PLANTATION CROPS 

Sy'vaml iii itinize weed growth, provide additional 
1icto('OW. anIld reduce soil erosion. Four rows of soybeans 
cil be platted between the newly planted banaila stalks 
(ltirilig the first year (Ilung, 1971 . In the Plhili)p)ines 
anrd Sri laIika soybeans are being interplanted experi-
IlleittllkV il ilattille Coco tlt plaltations (I erath. 1975). 
It MIalavsia tri il platings are being made between 

,rubber aid oil palin trees.tlin, 


SOYBEAN-SUGAR CANE 

Il 'l'aiwan seeral leguiiie crops. incliadinig soybeait. 
)eaitllltt. and intillig eall.~~Madison,are sown between rows of newly
planted or rotcel\' ratooled suIgar calie. IutercrOao

i tlr ce ul 
sovbea Os in suga (al recs tle sugar cane yield by 
abott 6s lie' lhiig,fI 197- )..'\ similar planting systeil 
is being tried oi ai e:xperimteittal scale at tile 'hili)lpines 
'tugar Research Institute. 
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Importance of Weed Control in Tropical Soybeans 

Guillermo Riveros 

Tihc reduction of yield is, in general, the most serious 

and comnion kind of damage associated with competition 
between weeds and crops. Any factor that enhances the 
degree of competition or reduces the coinpetitive ability 
of the crop will result in greater crop yield losses. 

Some important factors affecting the degree of coin-
petition between weeds and crops are weed population 
density, type of weed, and growth conditions. Conipeti-
tion tends to be greater in the tropics and subtropics 
than in the temperate zone because weed population 
densities are greater, weed species aic Ii ore nullerous, 
and weeds are iiore, vigorous. Furthermore, the tropical 
environment is better suited to the growth and repro-
duction of weeds (Furtick, 1967; iolin, 1969). Because 
competition is greater nider tropical and subtropical 
conditions than in the temperate zone, yield reductiols 
tend to be higher, and for this reason weed control be-
comes more important. Renioving weeds can increase 
yields by as much as 25 percent in the temperate zone 
and by 100 percent or more in the tropics and subtropics 
(Ashby and Pfeiffer, 1956). 

LOSSES CAUSED BY WEEDS 

Weeds cause considerable losses in soybean yields in 
the temperate zone. From 15 experiments performed 
over several years, Staniforth and Weber (1956) re-
ported an average yield reduction of 10 percent due to 
full-season competition of weeds. Mfore recently the 
overall losses caused by weeds to soybeans in the United 
States have been estimated at 17 percent of the potential 
crop yield (USI)A, 1965). However, the same publica-
tion indicates that weeds are a more serious problem in 
the southern states. 'Iis may be caused by the presence 
of more troublesome weeds favored by the high rainfall 
and long growing season of this region (\Wax, 1973). 
Since the flora of the warmner areas of the world are 
more abundant in species than those of the colder zones 
(Billings, 1966), the probability of existing troublesome 
weed species is higher in those states and higher still 
in the tropics. 

Information on the nature and magnitude of losses 

caused by weeds in soybeans, as well as in other crops, 
under tropical and subtlopical conditions is relatively 
scarce or difficult to obtain. IHowever, when the avail
able data oil yields from weeded and unweeded plots 
fro differelt types of studies ale comp lmed, the reduc
tions are allpproximlately 50 to 60 percent, :tholugh 
greater reductions are encountered wln certin iigly 
colil)(etiti\ve species predoniinate. Most autlmhrs colisider 
that tile average yield lo.:s of soylea 1s ill tile tlopics and 
subtropics due to weed co pt tition is about 50 percent 
(Ilianuerton. 197-1: Bhan, 197-1). 

)ata from diflerelt. studies conducted ill(Colombia 
during five years (J'able 1) show that the i vel-age soy
bean yield reduction caused by cot tlotm 1 ial weedsml 
was 60 percent (Pulver, 197-1). Tilhe saneiv author reports 
results of other studies showing yield reductions of Iom e 
than 80 percent when the dominant weed was (,')perus 
rot undus. 

FACTORS AFFECTING LOSSES 

degree of yield 
weed. Staniforth (1965) studied the effects of three 
species of Setaria on soybean yields, and observed \'ari
ations that were related to differences in mature plant 
yield of the species. 

cThe reduction varies with the type of 

Types of Weeds and Weed Populotion Densities 
Studying the effects of competLtion of Specific wCds Ol 

cotton yield, Buchanan and Burns (1971 a, b) found in 
one study that Xanthion pensylanicum was more corn
petitive than ,linaranthusretroflextus. I) a second study 
they found that lponi'a purpurta was mnore competitive 
than Cassia obtusi/olia. A comparison of tile two studies 
showed that Xanthium seems to be the most cillpetitiv'e 
of the four species, Amaranthus the second, and Cassia 
the least. Mc\Vhorter and IIartwig (1972) found tlat 
Xanthium is moore competitive with soybeans thall is 
Johnson grass (Sorghum halepense). 

Several studies have demonstrated that the degree of 

Guillermo Riveros: INTSOY, University of Puerto Rico, Mayaguez, Puerto Rico. 
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Table 1. Effect of Weed Competition on Soybean Yield, 
Palmira, Colombia 

Yield (kg/ha) YieldYear reduction
Hand weeded Veed (%) 

1968 ................... 1.551 409 74

1969 ................... 1.464 613 
 511 
1970.................. .937 606 69
1971 ..................1.159 262 77 

1972..................2 2132 
 1,565 32
1973 ..................2.111 1,013 52 

Average of 6years ....... 
 60 

Prevalent weeds: Leploclloa fliformnis; Echinochloa colonum;
Eh'usie indica; Digitariasanguinalis; Ipomnoea spp.: Amaran-
thus Sp).: Portulac oleracea. 
Source: Pulver. 1974. 

competition and yield reduction is influenced by weed 
poIllation density. Thurlow and Buchanan (1972)
studied the effects of competition of C. obtusifolia on 
soybeans, and observed yield reductions up to 35 percent
at an average density of 7.7 plants per in 2 . They also 
found that the higher the weed weight at harvest time, 
the lower the ,:oybean yield. 

Full-season competition of X.pensyh'anicum at a den-
sits" of 26,000 plarts per hectare reduced soybean yields 
by 52 percent, while at a population of 100,000 plants 
per hectare, competition for only 12 weeks resulted in
110 percent less yield (Barrentine, 197-). Wilson and 
Cole (1966) observed yield reductions up to 25 percent
with increasing populations of two species of lponzea. 

Amaranthus hvbridus with a population density of 
one plant per meter of row of soybeans caused a yield 
reduction of 11 percent; 40 plants per meter caused a 
51 percent yield reduction in collparison with the 
weeded control plot (NMoolani et al., 196-1). Eaton et al. 
(1973) reported greater soybean yield reductions with 
increased populations of Hibiscus trionunl. Knake and 
Slife (1962) noted similar reductions with increasing 
polulations if Setariafaberii. 
The preceding examples, taken from the temperate 

zones, illustrate the degree of yield reduction that may
be expected with high population densities of certain 
weeds likely to occur in the tropics. These examples also 
illustrate the need for similar studies to identify weed 
problenis in tropical and subtropical areas potentially 
suitable for soybean production. 

Growth Conditions 

Tle optimal growing conditions of a plant are very
similar to those prevailing in its native habitat. A native 
of the temperate zone, the soybean plant will be less 
able to compete with more adapted species when grown
in the tropics and subtropics. Furthermore, the degree
of weed competition during a growing season depends 
on environmental conditions. When temperature, soil 
fertility, and moisture level are more favorable to plant
growth, competition of certain weeds is greater, because 

the degree of competition is related to the amount of 
weed growth (Burnside and Colville, 1964):% 

Minerals. Although competition for minerals between
weeds and crops is important at low fertility levels, yieldreductions may also be high in fertile soils or when ade

quate fertilizer is supplied, because many weeds may
respond better than some crop plants to fertilizers. If 
responsive weeds are not controlled, they not only re
duce the amount of minerals available for crop plants,
but they may also grow more vigorously and compete
b t 
with the crop plants for water or light. Soybean yield
reductions due to noncontrolled weeds were greater infertilized plots than in unfertilized plots (Staniforth,
1962) 

When radioactive phosphate was injected into a soil 
in which Phascolus vulgaris was growing with A. retro
flexus and Setaria viridis, the two weed species absorbed 
P from the same zone as the beans. Furthermore, Aimar
anthus contained seven times more P than the beans 
(Chambers and [Hohn, 1965). The ability of weeds to
accumulate large quantities of minerals at the expense 
of crop plants has also been demonstrated by Vengris 
et al. (1953, 1955). 

Water. Water availability af'cts competition through
its effects on the gernination and growth of both weeds 
and crop. When water is limited, some weed species will 
germinate and become established sooner than soybeans
(1-looveland and Buchanan, 1973), thus obtaining an 
early comletitive advantage that will cause great yield
reductions (Dawson, 1964). Moreover, in areas or peri
ods of limited rainfall weed control is also essential to 
increase water use efficiency, since weeds utilize large 
amounts of water (lendleton, 1966). 

Competition is greater when rainfall is abundant, 
especially after sowing (Weber and Staniforth, 1957: 
Eaton et al., 1973). Studies of weed control in soybeans 
were conducted in Pahnira, Colombia, during the first 
and second semesters of several years which differed in 
the amount of rainfall. )ata froni these studies show 
that during the season with higher rainfall there were 
more weeds, more vigorous weed growth, and greater
yield reductions due to weed competition (ICA, 1968
1974). Since soybeans are planted in many areas when 
rainfall is more available for plant growth, weed ('on
trol is especially important because the more competitive 
species tend to grow abundantly in wet soils (Wiese and 
Vandiver, 1970).After the establishment of crop and weeds, the degree
of competition will be influenced by the amount of 
rainfall during the rest of the growing season. Staniforth 
(1958) observed smaller yield reductions when moisture 
was either adequate or limited throughout the growing 
season than when adequate in the first part and limited 
during the second part. In most cases, because rainfall 
distribution during the growth period is variable and 
unpredictable, opportune weed control will reduce the 
adverse effects of a water shortage later in the season. 
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Crop Characteristics 
Certain growth characteristics of soybeans limit their 

competitive ability, even with temperate zone weeds. 
Frazee and Stoller (1974) compared the growth of 
seedlings of corn, which is usually considered a cornpeti-
tive crop, soybeans, and seven weed species at various 
temlperatures. They observed that while corn grew faster 
than all the weed species studied, soybeans after reach-
ing a height of 15 cii had a slower growth rate than 
the weeds. Evetts and Burnside (1973) studied the root 
and shoot de'elolment of nine s)ecies, including soy-
beans, and seven dicotyledonous weeds, and found that 
soybeans had the highest ratio of shoots to roots. These 
findings indicate that soybeans would be at a comipeti-
tive disadvantage in tinies of water shortage when weeds, 
such as Ainaranthus spp, vith better shoot to root bal-
ance are present. 

Black et al. (1969) proposed that differences in photo-
synthetic efficiency may play an important role inplant
competition. Since phat growth isa function of carbon 

assimilation rate, rapidly growing, efficient plants have 
an advantage over inefficient species, especially in the 
tropics and subtropics. Aiong other characteristics, in-
efficient plants have the C:, l)athway of CO, fixation and 
possess photorespiration. which is evident friom their 
high CO.. compensation concentrations and fromi the 
inhibition of their rates of photosynthesis by oxygen 
('fable 2). In general, at high light intensities in noriiial 
air-and warni telmiperatures, C, species have faster rates 
of net photosynthesis than do C: species (Zelitch, 1975). 

Forrester et al. (1966) found that the rate of ap-
parent photosynthesis of soybean leaves was inhibited by 
0._., in an increase in photorespiration.caused part by 
Similar results were obtained by 'Tregunna et al. (1966). 
Curtis et al. (1969) studied photosynthetic rates of 36 
soybean varieties, finding that the CO... comipensation 
concentration was high (about 40 ppn) for all varieties 
tested. Since soybeans have the characteristics of ineffi-
cient plamts, they will be less conpetitive than photo-
synthetic efficient weeds. 

Chen et al. (1970) surveyed a number of plant species 
for their photosynthetic efficiency, finding that most of 

the widely distributed or highly competitive weeds had 
high photosynthetic capacity. Laetsch (197') in his re
view lists tile following families in which C, species have 
been found: Aniaranthaceae. .\izoaceae, Chenopodi
accae, Conipositae, Euphorbiaceae, Nyctaginaceae, Por
tulacaceae, Zygophvllaceae, Cyperaccae, and Grasnineae. 
The majority of troublesome weeds belong to these 
families. 

One comnion feature of C, photosynthetic efficient 
plants is that they evolved in the tropics and are adapted 
to habitats where dry periods alternate with periods of 
abundant rainfall (Black, 1973; Laetsch. 1974: Chollet 
and Ogren, 1975). C, plants use water itore efficiently, 
an advantage when soil moisture is limited (Table 2). 
Furthermore, their rapid growth enables them to coin
pete with mnesophytes when water is abundant (Laetsch. 
197-). 

Photosynthetic efficient plants are imore coipetitive 
than inefficient species under tropical conditions, be
cause they have higher optimum temperature for CO.. 

fixation and growth (Black, 1973). This is prolbably 
because photorespiration of ineflicient plants increases 
with light intensity, high temperature, and water stress 
(,Jackson and Volk, 1970; Chollet and Ogren, 1975). 

One of the plant groups studied extensively in relation 
to photosynthetic efficiency is the grasses. Most grasses 
of tropical origin are efficient in photosynthesis, while 
those originating in the teniperate zone ale ineflicient 
(l)ownton and Tregunna, 1968: Krenzer and Moss, 
1969). This nmay explain why so many grasses in the 
tropics are as iiuch of a nuisance as weeds. 

In the tropics the high competitive ability and prc
dominance of troublesome weeds, such as Sorghum hale
pense, Erhinochloa colonum, Eleusine indica, Cvperus 
rotundut.is, Anaranthius sp., and l'ortulacaolerac'ae calm 
be explained on the basis of characteristics associated 
with their photosynthetic efficiency (Tregunna and Dow
ton, 1967; Black et al., 1969). The climatic conditions 
of the tropics and subtropics favor the establishment of 
dense populations of highly competitive weeds, and at 
the same time are unfavorable to soybean growth. Since 
soybeans are at a competitive disadvantage in these 

Table 2. Some Characteristics Distinguishing Two Groups of Higher Plants 

Photosynthetic efficiency................. Low High
 
Primary type of CO2 fixation .............. Pcntose CI 
CO compensation (concentration ppm) ....31-7) 0-10 
Transpiration ratio (g HO/g dry weight).. 450-95) 250-351 
Maximum rate of net photosynthesis (Ing 
CO,/dI2 of leaf surface/hr) ............ 15-,0 40-80 

Photosynthesis sensitivity to 02 . .......... Yes No 
Photorcspiration ........................ High 

° 
Low 

Optimun temperatLre for net C() iixation.. 15"-25 C 30' to 470 C: 
Maximum growth rate: (g of dry weight/din

leaf area/day) ........................ 0.5-2 -5 
Optimum day temperature for growth (dry 

° 
matter production) .................... 20'-25 C 30°-35' C; 
Net photosynthesis vs. light intensity....... Saturation at !4 to Vi P'roportional or only tending

full sunlight to saturate at fil sunlight
Crop examples ......................... Soybeans Corn
 

Source: adapted from Black, 1973. 

http:rotundut.is
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environments, elimination of weed competition is essen-
tial to obtain a successful crop. 
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Weed Control in Asian Soybeans 

Keitb Mody 

Weeds are misfits and are ever present throughout the 
agricultural calendar. 'fhev are one of the major liiniting 
factors of soybean production throughout the world. The 
losses caused by weeds and the cost of weed control are 
among the most expensive items in crop production. 

In niost tropical countries losses due to uncontrolled 
weed growth in soybeans range fron .50 to 60 lercent 
(Bhan, 1975: Ilaiierton, 197-1; Moody, 1973: Vega 
et al., 1970). However, higher yield losses have occurred 
in Thailand (Waranyuwat and Kotania, 1973 and Ni-
geria (Table I). II one instance, complete crop loss has 
been reported (Vega et al., 1970). Iosses in '1'aiwain 
are miiuch lower. Cian and Tsaur (1973) reported ai 

average yield loss due to weeds of only 17 percent for 
two Crops. 


Competition between crops and weeds generally does 

not begin at the early stages after emergence of the 
crop. Most crops can tolerate wveed competition for two 
to three weeks after emergence with little adverse efl'ect 

on their yieIds. Soybeans could possibly be a notable 
exception. Moody (197-) observed that if eecs wee 

left growing in association with soybeans for just 10 days 
following emergence, a 10 percent yield reduction re-

stilted. For the duration of growth of this crop, reduction 
in yield due to weeds was approximately 1 percent per 
Oay. Vega et al. (1970) reported an average yield de-
cline of 17 percent due to weeds between the I0th and 
20th day after planting (Table 2). Bhan (1975). how-
ever, found little yield decline due to weeds in the first 
fifteen days after planting (Table 3). 

The greatest competition between crops and weeds 
for water, nutrients, and light occurs during the first 25 
to 33 percent of the life cycle of the crop. Several re-


search workers (Blihan, 1975: Moody, 1974: Vega et al., 
1970) have reported that only a 30- to 40-day weed-free 
period immediately after planting is needed for soybeaas 
to give a yield equal to that obtained under weed-free 
conditions (Tables 2, 4). In Nigeria two weedings, one 
and four weeks after the emergence of the crop, were 
such that ar average yield depression of only 6 percent 

for three soybean varieties at two row spacings occurred 
(Table 1). In this trial one weeding, no matter how 
well timed, could not produce yields better than 781 per
cent of the weed-free check. II T'Jaiwai, however, where 
yield losses due to weeds , e less thon in Nigeria. (31ain 
and "l'saur (1973) reportc that one tinely weeding was 
all that was required to give high yields. provided that 

tihe correct row spacing was used. 

WEED CONTROL METHODS 

hroigiout the ,enturies the farmer has eiployed 
coiiil)lex conib;ations of Ipractices to control these 

"plants out of place." Unfortunately he ma',y not have 
known the correct way to use these methods to obtain 

the greatest benefit from his efforts. 

At present the farmer has niany options available for 

weed control (Fig. I). The'se methods should not be 
thought of as mutually exclusive, Iecanse quite often 

the best results are obtained if several practices are used 
concurrentlv. \\']ten the farmer is given the choice of 

weed control practices, he will choose only those thait are 
feasible and economical. 

Chemical 

E'xcept in the case of estate crops, virtually n chenii
cals are used for weed control in upland crops intropical 
Asia. The reluctance of fanners to use herbicides is prob
ably related to cost, the unavailability of suitahle coin
pounds, inconsistent results, problems associated wili 

application, and the supposed availability of cheal labor. 

Biological 

Spectacular results have been achieved in somie in
stances with biological control oii large infest;ations of 
I single weed species in rangeland situations. i-lowever. 
this technique is probably not applicable in field crops, 
because in most cases many species of weeds, sone of 
which may be closely related to the crop plant, have to 
be controlled. 

Keith Moody: International Rice Research Institute, Los Banos, Laguna, Philippines. 
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Crop Competition Table 2. 	Effect of Duration of Weed Competition on Soybean 
Yield in the Philippines

Crop competition is one of the cheapest and most 

useful methods of weed control available to the farmer. Duration of Soybean yield (kg/ha) 

Crop production practices, including factors such as the weed competition 
time planting, and 	 (days after planting) Dry season Wet season 

variety grown, l)anting density, of 


tine of fertilizer application, need to he designed or 10 ................................ 1157 826
 

inanipulatd so that conditions favor crop growth. 20................................ 6106 7117
 
30 ................................ 596 5911
 

Variety. 'l'w tvidence is sufficient to indicate that 40 ................................ 614 386
 

there it(. in the ability of soybean
sigzni ficant differences 	 50................................ 491 444
 
60 ....................... ........ 461 337
 

(ttdtivar, toi coml1pete with weeds. McWhorter and Hart- Unweeded ........................ 375 0
 

wig (19721 found that yield reduction caused by Sor-


Lht1IlU hafi/[i Pers. in hand-harvested soybeans Sotirce: adapted from Vega et al., 1970.
,0 (L.) 

r.tinged hmn 23 to -12 percent for six soybean cultivars 
l'.hle -). I lardet, the latest maturing and the tallest Table 3. Effect of Duration of Weed Control and Weed Cora

growilg variety, had the lowest yield reduction. Senunes petition on Soybean Yield in India 

had the 1iwest yield reduction front Xanthium pensyl- \eed control Yield dcr tion 
'ation 	Walr. competition, while Lee, the shortest va- duration Wedoration 

the highest (days after planting) (kg/haI (days after planting) (kg/ha)
riety and one of the earliest to mature, had 

Unweeded .......... 1,250 \Veed free ........... 2,910
 
15 ............... .. 2 ,480 15 .................. 2 ,8 70
 
31) 2 ,900 2,391
.................. 30 .................. 

45 .................. 2 ,1170 45 .................. 1, 870
 
Slit).................. 3 ,120 6 ............. .... 1,01)
 
Weed free.......... .2920) Loweedd...........1,270
 

Planting_______
Density Mulching 	 Average of three crops. 

Souirce: adapted from Bhan, 1975. 

Crop
Variety 

Rotto Table 4. 	Effect of )uration of Weed Control on Soybean 
Yield in the Philippines 

D)0rationl of Soybean0 yield (kg/ha) 

(days after planting) l)r season Wet season 
PrvnieMtosBiological 	 _______________-

U nweeded ........................ .375 0
 

10 .............................. 482 558
 
2 0 ........... .. ..... .. .. .... .. ...6 9 1 1101
 
30................................ 644 1, 97
 
40................................ 862 1,259
 

Land 50 ................................ 767 1,206
 
ChmclPreparation 60............................... 765 1,435
 

Sottrce: adapted from Vega et al.. 1970. 

Mechanical Manual 
Tablc 5. 	Effect of Soybean Cultivar and Sorghum halepense 

Competition on Yields from Hand-Harvested Soy
beans in the United Statesbasnte ied ae 

control methods that can be used forFig. I. Various weed 
Yield 

Cultivar treatment (kg/ha) reduction 
suppression of weeds. 	 CharWeeding Yieldreuto 

Hardee ..................... None 11)10 23
 
Table 1. Effect of Time of Weeding and Row Spacing on Weed free 1,31(
 

Yield of Three Soybean Varieties in Nigeria Setnines ..................... None 1,210 211
 
Weed free 1,680
 

Weeding Soybean yield (kg/ha) Bragg ....................... None 1,391) 32
 
treatment CI;S 4(7 Hardee Kent Weed free 2,04)
(weeks tafter ________ ________ ________
 

emergence) 50 cm 75 cm 51)cm 75 cn 50 cm 75 cn )avis ....................... None 1,210 35
 
Weed free 1,850 

As needed ........ 1,014 648 2,873 1, 788 1,344 719 Lee ........................ None 1,040 41
 
1 +4 ........... 1,119 490 2,565 1,450 1,403 816 Weed free 1,760
 
I + :3 ...... ..... 771 574 2,836 ti36 1,381 989 Jackson ..................... None 910
 
4... 1,160 338 2,132 1,145 1,244 530 Weed free 1,310 42
 
3................ 841 679 2,4137 332 945 499
 
No weeding........152 241 :37 95 55(i 104 Source: adapted from McWhorter and Hartwig, 1972.
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yield reduction when the crop was hand h.arvested (Mc- siderably greater (23 percent versus 17 percent) when 
Whorter and Hartwig, 1972). In a later trial (McWhor- five to six soybean plants, compared with double this 
ter and Barrentine, 1975), Hill was the most competitive planting rate, were grown per 30-cm row. They also 
cultivar against X. pensylvanicum, while Semmes and observed that unweeded soybeans with three plants per 
Lee were the poorest competitors (Table 6). 30 -cm row yielded 18 percent less than unweeded stands 

Burnside (1972) reported that yield reduction due to of nine or fifteen plants per 30-cm row. The yield reduc
uncontrolled weed growth ranged from 41 to 52 percent tion in weed-free plots was only 9 percent. 
for ten soybean cultivars. The lowest yield reduction Staniforth (1962) reported lower yield reductions due 
occurred with Amsoy and Ford, the highest with Lin- to weed competition for four soybean varicties when 
darin 63. Philippine data (Table 7) illustrate that soy- there were thirteen to fifteen plants per 30 -cin row than 
bean v'arieties vary in their ability to suppress weeds, when there were seven to nine plants per 30-cim row. 
but reduction in weight of weeds competing with the Weed weights were also lower at the higher plant density 
crop does not necessarily mean a corresponding reduc- (Table 9). 
tion in yield loss. In Thailand Waranyuwat and Kotatna (1973) ob-

Despite the fact that soybean varieties vary in their served that a doubling in plant p)opulation from 200,000 
competitive ability against weeds, little emplhasis has to 400,000 plants per hectare while maintaining row 
been placed on this line of research. Cultivars are gen- spacing constant at 50 (,it resulted in superior weed con
erally selected under weed-free conditions without pay- trol. In Taiwan Chan and Tsaur (1973) observed that 
ing attention to their ability to compete with weeds. 
Varieties that perform best under weed-free conditions Table 6. Effect of Soybean Cuhivar Population and Xan
may yield poorly when weeds are not controlled. For thiumIertslyvan icuam Walr. Competition on Soy
example, in Nigeria Hardee, which far outyielded Kent bean Yields in the United States 
under weed-free conditions, yielded less than Kent when -oyban iel

soybeanYil
weeds were not controlled (Table 1). Are plant breeders Cultivar Treatment Stand Yiel reduction 
unaware of the importance of plant competition as a ((%) (kg/ha) 
means of weed control, or has the weed scientist failed plants/ha I 

to present theni with suitable criteria with which to Hill ............... None 260 1 ,370 32 
ev'aluate their breeding lines for their competitive abil- Weed free 2110 2,010 

ity? This extremely interesting area of research needs Bragg .............. None 420 I,01) 39 
Weed free 4-t 1, 7)11) to be investigated further. Forrest ............. None 4610 1, 1 o
 

Planting density. According to numerous authors, so\y- Veed free 4110 I ,911() 
beans plamted at narrow row spacings yield more and Lee............... None 35)) 9310 51 
are much more effective in suppressing weed growth Weed free 370 1,119o 
than soybeans planted at wide row spacings (Burnside Setnines.......... None 450 91))

Weed free 510 1,91) 52 
and Colville, 1964; Ilaminerton, 1972: Kust and Smith, 
1969; Wax and Pendleton, 1968). This is probably be- Soorce: adapted friom McWhorter and Barrentine, 1975. 
cause of increased competition and faster shading of the 
soil surface. Nigerian and Philippine data confirnm these Table 7. Effect of Several Soybean Cultivars on Weed Growth 
findings (Tables 1, 8). Chan and Tsaur (1973) ex- in the Philippines 
anined the effect of row spacing on weed control in soy- Weed 
beans in two crops. In the spring crop the degree of weed Cultivar Height wafharea%eeI 
control increased as the distance between rows decreased. (em,) index (kg/1a. 
In the summer crop no correlation between row spacing
and weed conttol was observed. rK5........................ 55.1 1.5:1 950
CI'S 1M -23P .................. 44.A 1.09 1 ,70t
 

Fewer interrow cultivations (Burnside and Colville. CES 16-103 .................. 49.) 1.50 1,795
 
1964) and lower rates of herbicide (Burnside and Col- Hsih-Hsih .................... 50.7 1.27 2,225
 

Kail a ....................... 42.7 1.31 2,455

v;lle, 1964; Kust and Smith, 1969) are needed to achieve Mutivar )0.................. 49.9 1 .04 2,725
 
comnparable weed control as row spacing decreases. Care EG Special ................... .3.) 2.26 3,640 

has to be taken that the distance between rows does not 
become too narrow; otherwise, interrow cultivation as a Table 8. Effect of Row Spacing on Weed Weight and Soy. 
weed control method could become impractical, forcing bean Yield in the Philippines 
the farmer to use nmanual weeding or herbicides. In addi
tion, soybeans planted in narrow rows often grow taller Spacing Yield (kg/ha) Yield Weed 
and lodge more readily than soybeans planted in wide (ct) Weed Un- reduction weight 

free weeded (%) (kg/ha)
rows. 

Spacing within the row is also important with respect 33.3 ................. 694 593 14. 1126
 
to coml)etition. Weber and Staniforth (1957) reported 50.0 ................ 673 494 26.6 997
 

that yield reductions due to weed competition were con- 10)0. ................ 524 298 43.1 1,812
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the effectiveness of weed control was inversely propor-

tional to spacing for the spring crop. In the summer 

crop, however, for the wider row spacings (50 and 45 

cm) weed control was most effective with narrow plant 

spacing (10 cn), but for narrow row spacings (40 and 

30 cm) weed control was most effective at wide plant 

spacing[ (20 cm). The "eason for this was not explained, 


Land Preparation 
In p trtsof the Philippines and Indonesia, soybeans 

are hro;i';ist into rice stubble or relay planted into the 
motlurif lice crop without any land preparation. The 
sovbeans 	 have to compete with the rice or its ratoon 

Mid ilie weeds that may have started to develop in the 
rice crop. .\s a rule, no weeding is done in the soybeanCrop, miod yields aw, low. This method is not retain-luedcr ai , ieldsare l oTs bly ethod isprovdrecon-irerihed, 	 hirt yields could probab~ly be improved con-

sid(.ialblv if high seeding rates of highly competitive
\ari'ties adapted to these conditions are used. 

(;iewrially. though, iiiost farmers do soime land prepa- 
ratior. The mrajor ohjective of l d preparation, irie-

spectiv'e of the method used, is to provide weed-free 
conditions at plharting. Throughout the tropics, however, 
numerous fariners plant into seedbeds that have been 
poorly prepaed. Quite often weeds are present or' have 
started to germinate by the lime the crop is sown. The 
crcip is at a competitive disadvantage from te start. It 
is tlerefore essential that the crop be sown as assoon 
possible after land preparation into a weed-free seedbed. 

Manual and Mechanical Weeding 

One of the most important reasons for growing crops 
illrows instead of broadcasting is to permit ease of weed-
ing. \'hen the crop has been broadcast, interrow cultiva-
tioriis impossible: Consequently, time-consuming and 
lahorious hand-weeding irust be done. Although very 
e'flective in controlling weeds. manual weeding methods 

elyona sp of cheap labor which may not berely
arx'ila le wlwi needed. )elayed weeding can result in 
al)reciable yield reductions. 

Hand-weeding, still coninion throughout the world, is 
utsed mainly for removal of weeds within the crop row 
wwre cultivatiiig iiiiplehieis cannot reach. In develop
inig countries the use of the hoe is widespread. Frequently 
a man with a hoe can accomplish results not obtained 
as effectively d cheaply by other means. 

lInterrow ctltivation canmnot completely control weeds 
within the crop row, where weeds need to be removed by 
alternative methods to lrev-ent substantial yield losses 
(Kiake and Slife, 1962; Moody, 1976; Moolani et al., 
196') . Tirely cull ivation, however, is sometimes iros-
sihle because of adverse soil or weather conditions. Moist 
soils or rainfall soon after tillage may allow weeds to 
reestablish themselves quickly with little or no apparent 
injury. Moreover, if tillage is too close to the row, crops 
may be damaged, thus reducing yields. It should be 
noted, though, that soybean varieties do differ in their 
tolerance to cultivation injury (Russel et al., 1971 ). 

Mulching 
In Java, rice straw is often used as a mulch in soybean 

cultivation, the soybean seeds being dibbled after the 
rice straw has been scattered on the surface of the soil. 
Dahro (1953) reported that mulching caused lower soil 
temperatures, increased moisture availability, and de
creased weed growth resulting in higher yields (Table 

10). 
Reduced weed growth due to mulching of soybeans 

with rice straw has also been obs, rved in the Philippines 
(Table 11). The use of mulch in unweeded plots leads 
to a sixfold increase in yield and a 40 percent reduction 
in weed weight, compared with unweeded, unmulched 

Table9 Effect of Within-row Spacing on Yield ReductionTbeg 	feto ihnrwSaigo il euto
Due to Weeds in Soybeans in the United States 

\Veed Yield
 
Cultivar 	 Plant redno./30 cxi weiweight reducrtion
 

(kg/ha) (kg/ha)
 

Hawkeye .................. 7- 9 896 339
 
13-15 616 263
 

Chippewa ................. 7- 9 7211 477
 
13-15 560 201
 

Bavender Sp ............... 7- 9 824 452
 
13-15 627 163
 

Ford ..................... 7- 9 162 ,164
13-15 582 326
 

Source: adapted from Stanif,,rth, 1962. 

Table 10. Effect of Rice Straw, Incorporated, Burnt or Used 

as Mulch, on Soybean Yield in Indonesia
 
Strawused Yield (kg/Ira)
 

Treatment (tor/Ia) 1951 1952
 
_ton/ha)_1951__ 952
 
Straw its .............. 2( 4.7 I1.1
mulch 


411 ,.4 6. 8
 
Straw incorporated ........... 40 3.5 6.4
 
Straw brrnt ................. 20 3.3 4.5


40 3.0 4.4 
Straw incorporated ........... 20 2.5 4.9 
Control........................ 3.1 4.1 

Source: adapted from Dahro, 1953. 

Table 11. 	 Effect of Mulching, Row Spacing, and Weeding 
Regime on Soybean Yield and Weed Weight in the 
Philippines 

'ime ofweding Soybeanyield(kg/iha) eedweight(kg/iha) 
emergence) With WViturrit With Withort 

mulch 	 mulch inirrlel mulch 
50-cin row spacing
 

None .............. 481 79 689 1,404
 
3.................... 588 467 490 2118
 
1 +4 ................ 541 630 343 97
 

75-cm row spacing 
None ................ 324 43 1,100 1,647
 
3.................... 510 341 593 588
 
1+ 4................ 532 527 317 220
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plots. In fact, the mulched, unweeded plots yielded as Hammerton, J. L. 1974. Weed control in soyabeans. Pages 97
well as the unmulched plots that had been weeded once. 108 in Proc. of Workshop on Soybeans for Tropical and 

Mulching also reduced the number of wcedings re- Subtropical Conditions. Feb.heMulcingalsoredcedumbe ofweedngsre-yaguez (INTSOY Ser. 2). 1974. Univ. Puerto Rico, Ma
quired. Mulched soybeans weeded once yielded as well 
as those that had been weeded twice, but in unmulched 
plots those weeded once yielded 30 percent less than 
those wecded twice. Weed control by mulching appears 
to have considerable potential, provided that residues 
from previous crops are used in situ. Transportation of 
mulch from another area is not recommended, as this is 
time-consuming and can add considerably to the costf gcontrol
of growving the crop. 

CONCLUSIONS 

Weeds can and do cause appreciable losses in soybeans 
if left growing in association with the crop during the 
first 30 to -10 days after emergence. Frequently the farmers 30awar to hatdaysoafteremgence ecly the famr 
is unaware that in ordet- to Maximize yields it is impor-
tant to weed early in the growth of the crop. Late de-
v'eloping weeds cause little yield reduction, but can liar-
bor pests and cause problents with harvesting.

The farmer has available to ui many methods by
T hany 

which he can control weeds. Not only does he have the 
nonchemical methods described in this paper, but he 
also has a most powerful tool with chemical weed con-
trol. Chemicals, though, shotld not he regarded as re-
plcin C eicalthoughthod b tratherregardedle e-placing nonchemical methods, but rather as supp~lement-
ing them. In this way, the tarmer increases the options 
available to him for controlling weeds. 

Weed control methods chosen by the farmer will de-
pend largely on economics and feasibility. However, the 

fesili t tWax.options given to the farmer should he such that the weed 
population is subjected to a variety of pressures and no 
weed or group of weeds is allowed to develop undis-
turbed. Otherwise, the farmer may end up with a worse 

weed problem than when lie started. 
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Discussion 

James J. Riley: In your measurement of leaf area index, 

did you measure it for the soybeans, the weeds, or 
both? 

Keith Moody: We have nasured only the leaf area 

index of soybeans. We have observed that the soybean 
leaf area index increased with an increased number of 
weeds. We cannot explain this at the moment; how
ever, these studies have just begun. In the future, we 
shall look at the leaf area index of the weeds to see 

if it is important. 
Edi Guhardja: Does weeding within the rows after one 

week of emergence do more harm than good to young
soybean plants? 

Keith Moody: We need more research on when weeding 
8:333-338. 	 should be done within the rows. 
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Use of Herbicides for Weed Control 
in Tropical Soybean Production 

R.D William and M Y Chiang 

WiVhetlier soybeans are monocropped, intercropped, re-
lay planted after rice, wheat, or barley, or planted along 
paddy bunds in Asia, effective and economical weed 
control must be considered an integral part of any soy-
bean production scheme. Effective weed control systems 
must include all combinations of cultural practices, such 
as crop rotation, proper fertilization, appropriate plant 
population, row spacing, selection of competitive vari-
eties, dry season weed control practices, and combina-
tions of hand, mechanical, and chemical weed control 
techniques. llls, our task of developing appropriate 
weed management strategies involves more than merely 
selecting suitable herbicides, but is also one of integral-
ing all available technology into various production 
schemes to meet tile needs of local soybean producers 
at costs below the value of the increase inproduction. 

As discussed by Riveros and Moody during this con-
ference, appropriate weed control strategies are essential 
if maximum or even average yields are to be expected. 
When considered as another tool that must be employed 
in the total system, herbicides can be an extremely valu-
able component, offering both biological and economic 
benefits. In this paper we shall present specific informa-
tion related to the use of herbicides in Asian soybean 
production, and wherever possible we will emphasize 
their use in the entire production scheme, 

RATIONAL USE OF HERBICIDES 

Because of the cost and added risks involved with the 
use of herbicides, manymanf hrbicdespeoplepepleassueassuine tmt chemicalcenfcaluse that 
weed control is impracticable for use by small farmers. 
Certainly the farmer will not accept the practice if it 
does not offer an advantage he can clearly understand, 
such as increased soybean yield, significantly better weed 
control, or increased income from a stable market, en-
abling him to recover the herbicide cost plus an incen-
tive for applying the chemical. Herbicides must there-
fore be used rationally, 

At present there are many agrononic situations in 
which herbicides should be considered an effective and 

potentially economical means of controlling weeds in 
soybeans. For example, soybeans are often planted during 
the final stages of tie wet season when weed competition 
can seriously reduce crop productivity, especially if the 
competition occurs during the initial stages of soybean 
growth. Timely hand or mechanical weedings are some
times postponed because the fields are too wet. Even if 
weeding were attempted, mainy of the weeds would 
merely be transplanted, not effectively controlled, be
cause most weed implements are designed to cultivate 
soils having ideal moisture conditions. When tardy, weed
ing may further reduce crop productivity by break!ng 
leaves, pruning roots, and reducing the effectiveness of 
the crop canopy. 

In other cases, because the farmer must stop planting 
to weed the crop, weeds limit the total area that can be 
planted to soybeans. In Brasil, for example, the senior 
author noted that the production of several upland crops 
could be greatly increased by simply planting more land 
to the crop, but weed growth inevitably required the 
farmer to turn his attention to weeding. In addition, 
timely plantings of soybeans could be achieved during 
periods when planting conditions are optimum, such as 
after the rice harvest in man)' parts of Asia. Cultural 
practices, such as spraying, drainage or irrigation, and 
fertilization, could also be completed at timely intervals 
if the peak use of labor required for weeding were better 
distributed throughout the cropping cycle. Crop produc
tivity could be further increased with the use of modern 
cultural practices management systems, such asclosely spaced rows andand high plant populations. 

HERBICIDES FOR TROPICAL SOYBEAN SYSTEMS 
The use of herbicides in Asian soybean production is 

in the infancy stages. At present only a few herbicides 
are used by soybean growers on a commercial scale. As 
soybean yields and markets stabilize to meet the demands 
for increased soybean production, more efficient manage
ment systems that include the use of herbicidal weed 
control as part of an integrated approach will, of course, 

R.D. William and M. Y. Chiang: AVRDC, Shanhua, Tainan, Taiwan. 
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become more common in tropical growing areas. One Table 1. Seasonal Activity of Nitrofen and EPTC Herbicides
might wonder, however, how production specialists will Under Cool-Dry and Warm-Wet Conditions it 
meet the challenge of developing various approaches to Brasil 
more efficiently control weeds in soybean production. Herbicide name Seasonal herbicide activity( upeso fC otnlsflaeSelection Criteria and dose (kg/ha) (%supprcssion of C. rotundusfoliage)

Cool-dry 'ANarmn-wet 
Because the climate, cropping systems, equipment, and 

methods of planting soybeans in Asia' differ from those Nitrofen 0.................. 0 0. . . ... ... 0 	 50)
in other regions, the criteria used to select herbicides 2.................20 70
must also differ. Many factors must be considered, such 4 .................. 20 60
 
as predominant weed species, herbicide application and 	 EPTC", 2 ..................
0 .................. 90)
0 200
 
incorporation equipment, soil types, and herbicide place-
 4 .................. 100 	 ,30
ment, persistence, and seasonal activity. a .................. 100 
 55 

Naturally we want to choose herbicides that selectively Night applications of nitrofen (emulsifiable concentrate form
control many of thle major weed species found growing lation) were applied in ,vater to C. rotundus foliage at 3 and 6 
among soybeans. When herbicides are first used in a weeks after carrot (Daucus carota L.) was planted. C. rotundusfield, however, a major shift to predlominantly resistant 	 foliage was weighed one weck after the second application.EPTC was incorporated into dry or wet soil with a power tillerspecies usually occurs within a few years. In tie tropics immediately after application. C. rotundus foliage was weighed
this shift is generally towards perennial sedges and 6 weeks after application. 
grasses. Romanowski and Nakagawa (1967) reported a 	 Soturce: adapted from William and Warren, 1975; William et 
dramatic shift to Cypcrus rotundus L. after several pre- al., 1976.
 
emergence herbicides were applied to a native popula
tion of weeds in Hawaii. In 
 this case, C. rotundus in- Because many herbicides persist in the soil for periods
creased from in 21.3 plants per 0.1 to as many as 29 longer than the soybean crop cycle, we must also con
plants in just 50 days! sider the crop that follows soybeans. Where sensitiveMany herbicides require specific types of application crops ny he plated, herbicides having a short residual 
equipment or must be incorporated into tie soil for life should be recommended. 
maximum results. Although knapsack sprayers are coin- Finally, specific recommendations of herbicide doses 
mon in the tropics, power equipment for successful her- must he amended ccording to soil texture and organic
bicide incorporation is rare. In Brasil, for example, weed 	 matter content. Many herbicides are adsorbed by soil
control rec&omiendations involving the herbicide EPTC 	 colloids, thereby requiring larger doses as the organic
(see Table 2) ranged from I to 10 kg/ha (William et al., miatter increases. Soei herbicides become completely

1976). Most of the variation was due to uneven soil inactive when the org:,iic matter content exceeds 8 to
 
incorporation of the herbicide, which resulted in poor 
 10 percent in the soil (Warren, 1962). Under such con
weed rates the required
higher control;be therefore,recommended. Consequently,situation the usethatof 	 ditions, herbicides that perform well within a broad 

range of soil organic matter contents must be used. Soilherbicides that require elaborate equipment for applica- testing laboratories will thus be necessary in key agri
tion, or simply require soil incorporation, 
 may have to cultural regions to test soil samples so that appropriate
be restricted to countries where mechanized agriculture herbicides and correct (loses cal be recommended. 
exists or can be introduced. 

Where soil moisture is adequate, crops are usually Herbicide selection must utiiatel be accomplished
planted in various multiple cropping schemes throughout on a regional basis by local production or weed spe
the year in Asia. Combinations of warm or cool, and dry cialists. To make successful recoimiendations, these spe
or wet climatic conditions generally prevail. Some herbi- cialists ,ust consider the environmental, physical, bit
cides respond differentl] under these conditions, thereby logical, and nanageritl variations that influence the
increasing the chances for failure. For example, during performance of a herbicide and integrate these aspects
the wvarm-wvet season in Brasil, nitrofen was more active into the total production system. Results from other re
when applied after emergence to C. rotundus foliage, gions of time world where sinilar climates exist can, of
whereas EPTC was less active when incorporated in the course, serve as guidelines for testing under local con
soil (Table 1). Both compounds exhibited moderate to ditions. 
high vapor pressures which enhanced the penetration
and activity of the nitrofen when applied directly to the Herbicides for Asian Soybean Production
C. rotandus foliage, whereas the EPTC concentration Since the advent of chemical weed control, consider
and activity was reduced near the tubers in the soil by able emphasis has been placed on developing selective
dilution and volatilization from the moist soil surface. 	 herbicides for soybeans. For discussion purposes, a partial
Herbicides that perform differently under varying cli- listing of either successful or potentially successful herbi
matic and environmental conditions should certainly be cides is presented in Table 2. This table was compiled
recommended with considerable caution. from extension bulletins and popular magazines from 
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Table 2. Some Promising Herbicides for Use in Soybean Production 

Common name 
(trade name) Chemical name 

Area of world 
where promising 

Preplant (non-selective) 
dalapon (Dowpon) ................... 2,2-dichloropropionic acid USA 
glyphosate (Roundup) ................ N-(phosphonomethyl)glycine

paraquat (Gramoxone) ............... 1,1'-dimethyl-4,4'-hipyridinium ion USA, Brasil
 

Preplant (selective)
 
A-1320 (Anex 820) ................... N-sec-butyl-4-tert-butyl-2,6-dinitroaniline USA

dinitramine (Cobcx) ................. N,N'-diethyl-a,a,a-trifluoro.3,5.dinitrotoluene.2,4.diamine USA
 
eptamn (EI'TC) ...................... S-ethyl-n,n-dipropylthlocarbamate USA, Brasil

fluchloralin (Basalin) ................. N-(2-chloroethyl)-2,6-dinitro-N-propyl-4-trifluoromethyl aniline USA, Brasil
 
nitralin (I'lanavin) ................... 4-(methylsulfonyl)-2,6-dinitro-N,A-dipropylaniline USA, Brasil
 
penoxalin (Prowl) ................... N-(1-l'thylpropyl) 3,4-dimethyl-2,6-dinitro benzenamine USA

prolliralin (Tolban) ................ N-(cyclopropylnethyl)-aa.a-trifluoro-2,6-dinitro-N-propyl-p.toliidine USA
 
trilluralin (Treflan) ................. a,a,a-trifluoro-2,6-dinitro-N,N-dipropyl-p-tolhidine USA, Brasil
 
vernolate (Vernam) ................. S-propyl dipropylthiocarbamate USA, Brasil
 

Precenergence 
alachlor (Lasso) ..................... 2-choro-2,6-diethyl-N-(methboxymethyl)acetanilide Asia, USA, Brasil
bttacl rl,(Machete) ................. 2-chloro-2',6'-dietiyl-N-(u toxymethyl)acetanilidc Asia
 
chloram hen (Aniben) ................ 3-amino-2,5-dichlorobenzoic acid USA, Brasil
 
chlorbroiniron (Nialhraln) ............ 3-(4-bromo-3-chlorophenyl)-I -methoxy-I -methylurea USA, Brasil
 
chlorpro pham (Ftrloc) ............... isopropyl m-chlorocarbanilate USA

DCPA (I)acthal ................... dimethyl tetrachlorotcrcphthalate USA, Brasil
 
diphenamid (l)ynid. F'Enide) .......... N.N-dlimcthyl-2,2-diphen ylacetamide USA
 
fluorodifen (P'reforal) ................ p-nitrophenyl aa,,a-triflhoro-2-nitro-/p-tolyI ether USA, Brasil
 
liniron (Afalon, I0'ox) .............. A(-dichlorolhenyl)-l-methoxy-l-methylrca
Asia, USA, Brasil
inetribhizin (Lexone. Sencor) .......... 4-anminlo-h-tlt-ultyl-:(-(ntlhylthio)-as-triazin-5(4H)one USA, Brasil
 
naptalam (Alanap) .................. N-I-naphthylphlthalamic acid USA, Brasil
 
propachlor (Ramrod) ................ 2-chloro-N-isopropylacetanilicle USA
 

Postenergcnce 
2,'-DB (Butyrac) .................... 4-(2,4-dichloropienoxy)hutyric acid USA 
bentazon (Basag'an) ................. 3-isoprol) -t 11-2,1,3-benzotlhiadiazin-4-(3H) -one 2,2-dioxide USA, Brasil
chloroxairon ('enoran) ............... 3-fp-(p-clhloroplhenoxy)phaenyll-1,1 -dimethylurea USA, Brasil

dinoseb (Premerge) .................. 2-sec-butyl-4,6-dinitrophenol USA, Brasil
 

Asia, the United States, and Brasil; scientific journals; Both the pre- and postemergence herbicides listed in 
and personal communication from scientists and coin- Table 2 may be applied with locally available pesticide 
mercial representatives in Asia. application equipment. Although we have tested many 

The herbicides in Table 2 are grouped according to of these compounds at AVRDC, only alachlor, chlor
the method of application that provides the most uni- amben, and linuron have selectively controlled the major 
form results, which depends in part on the physical and weed species growing in these experiments (Table 4.). 
chemical properties of the herbicides. For example, clala- Alachlo-, which controls many of the weed species for 
lion is not selective for soybeans; however, it can be used two to three months at AVRDC, has shown the most 
to control many perennial grasses if applied to actively consistent results, probably because it requires only mod
growing vegetation a few weeks before soybeans are erate moisture as a result of its relatively high solubility 
planted. Another new chemical that may be similarly in water. Many of the other preemergence herbicides 
used is glyphosate, which has a broader spectrum of tested in these experiments performed poorly, especially 
weed control activitv, including control of many broad- during the warm-wet period, or persisted in the soil 
leaf weeds, longer than the duration of the soybean crop cycle. 

The second group of preplant herbicides usually re- According to M. Sandari (personal conmmunication), 
quires soil incorporation for optimum results, although the use of preemergence herbicides for weed control in 
slightly higher doses sometimes offer good control when cultivated upland soils is only in the experimental stages 
applied before emergence to the crop. In tests at in Indonesia. Sandaru reported promising results in one 
AVRDC, however, three of these dinitroanaline herbi- experiment in which alachlor (1.9 kg/ha), metribuzin 
cides applied to the soil surface without soil incorporation (1.0 kg/ha), nitrofen (3 kg/ha), mad several other num
exhibited poor weed control (Table 3), and penoxalin bered compounds were applied before emergence. In 
appeared to inhibit soybean growth and reduce grain another experiment, however, weed tontrol by herbi
yield. Therefore, when compared to other preemergence cides was poor, and soybean yields were not significantly 
herbicides (Table 4), these compounds may be used higher than in the weedy control plots. In Indonesia 
only on a limited scale in areas where appropriate soil weed control is usually accomplished by hand at three 
incorporation equipment is available or where local and six weeks after planting. Herbicides are not com
weed problems and soil types permit their effective use. monly used because of the low cost and abundance of 
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hand labor, the small land holdings (approximately 0.5 gence herbicide for control of some annual and broadleaf 
ha/f.,rmer), the cost of the chemicals, and because of weeds in soybeans. In Taiwan butachlor also performs 
problems with selectivity of herbicides in cropping sys- well, but costs considerably more than alachlor because 
tems, such as interplanting corn and soybeans. of the limited use of butachlor as an emulsifiable for-

In Korea the introduction of herbicides has been fairly mulation.
 
recent and much of the work is still experimental. How- Bhan (1974) in India reported that alachlor (2 to 3
 
ever, K. U. Kim (personal communication) states that kg/ha) is currently recommended, and metrihuzin, nitro
b, tachlor (2 to 3 kg/ha) is recommended as a preemer- fen, and fluchoralin show considerable promise for use
 

Table 3. 	Effect of Dinitroanaline Herbicides Applied to Soil Surface the Day After Soybeans
 
Were Planted, AVRDC, Spring and Fall, 1975
 

Soybean grain yield" Grass Final Es-
Herbicide common Dose (ton/ha) control"' weed timated 
name (trade name) (kg/ha) (no,/500 fresh wtl residue 

Spring Fall cm 2 ) (g/n-) (months) 

W eedy check .............. ... 0.84 0.26 180 972 ...
 
Hand weeded check ........... 1.65 0.98 .. 239 ...
 

Nitralin ................. 0.75 1.60 ... .. .. >4
 
(Planavin) .............. 1.0 1.44 ... ... ... >4
1.5 . 38 ... ... ... > 4
 

A.820 .................... 1.0 1.40 0.70 134 994 2 to 4
 
(Amex 820) ............. 2.0 1.41 0.(88 141 422 2 to 4
 

Penoxalin ................ 0.5 (0.75)1 I .51 0.56 79 389 2 to 4
 
(Prowl, AC-92553). .. 1.0(1.5)1 1. 10 0.31 135 561 2 to 4
 

LSI) 5% ............. ... 0..35 0.34 1(0. 4 ...
 

Part of two experiments planted on March 3 (spring) and October 2 (fall) with the soybean 
cultivar Shih-Shili. Grain yields are corrected to 13 percent moisture. Low yields in the fall 
experiment are due to planting late after the rains ceased. 
"Weed data presented are from the fall experiment and included: Eleusine indica, Echinochloa 
colonutm, Amaranthus spinosus and A. viridus, Portulacaoleracea, Solanum nigruin, and Agera
turn con yzoides. 

Estimates are averages of all herbicide residue trials conducted at AVRDC during 1975. 
Herbicide doses for fall in parenthesis. 

Table 4. 	Effect cf Preemergence Herbicides Applied to Soil Surface the Day After Soybeans Were Planted, AVRDC, Spring ant
 
Fall, 1975
 

Estimate Weed control, 
Herbicide common Herbicide~~~~~Fna DosecmoDoe(n/i) 	 mtrtI iaesidateSoybean grain yield", of Ieusne Frinal esimated 
name (trade name) (kg/ha) (ton/ha) maturity + '"chi- Weed( mors) 

Spring Fall )et\ rh wtd 	 nochloa
(days) 	 (no.,/100 cm 2) (g/n-1) 

Weedy check ............................... ... (.114 (. 26 +-4 45 10 972 ...
 
Hand weeded check ......................... ... ... I. ((.9 0 ... 239 ...
 

Alachlor ................................. 1.0 ... 0. 9(6 - 1 4 It 14 <V
 
(Lasso) .................................. 2.0 1.61 1.02 -1 0 4 56 < 2
 

4.0 1.72 0.84 -1 I 1 22 <2
 

Chloramben ............................... 2.0 (I .5) 'l 1.74 0.115 + 1 9 2 366 2 to 4
 
' 4.0 (3.0), 1.40 0.1(; +2 4 1 61 2 to 4
 

Linuron ................................... 0.25 1.581 0.91 - 1 39 6 322 2 to 4
 
(Lorox or Afalon) ........................ 0.50 1.41 (.112 0 30 1 300 2 to I
 

1. 1)0 0.94 ..... .. .. ... 2 to 4
 

Nitrofen .................................. 3.0(2.0)" 1.61 0.114 - 37 12 367 <2
 

(TOK-WP) .............................. 6.10 (4.0)" 1.19 0.72 0 32 7 533 <2
 

LSD 5% ............................. .... 0.35 0.34 .. 10.4 6.1 ...
 

AWeed data presented are from the fall experiment and included Eleusine indica, Echinochloa colonun, Antaranthus spinosus and 
A. 	viridus, Portulacaoleracea,Solanurn nigrum, and Ageraturn conyzoides. 

Part of two experiments planted on March 3 (spring) and Octob2r 3 (fall) with the soybean cultivar Shih-Shih. Grain yields are 
corrected to 13 percent moisture. Low yields in the fall experiment are due to planting late after the rains ceased. Soil organic matter 
was 1.5 to 1.7 percent. 

are averages of all herbicide residue trials conducted at AVRDC during 1975, except for linuron which are estimates fromEstimates 
the literature.
d Herbicide doses for fall in parenthesis. 
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in soybeans. Alachlor costs approximately Rs 200 (US 
$24) per hectare in India and is applied with backpack 
or power sprayers. According to K. L. Rathod (personal 
communication), alachlor is applied to extensive soy-
bean plantings grown for seed purposes near Pantnagar, 
India. 

The use of paraquat as a preplant, nonselective con-

pound has become popular, especially in the United 
States, where it is used to control weeds in the "stale 
seedbed" or "no till" methods of planting soybeans. The 
"stale seedbed" method consists of applying a preplant 

herbicide when the field is prepared for planting. A 
dinitroanaline herbicide that primarily controls annual 
grasses is the type most frequently used. Planting is de-
laved, however, two to three weeks until many of the 
broadleaf weeds have germinated and emerged. Contact 
herbicides, such as paraquat. are applied alone or in 
comibinations at planting to control the emerged broad-
leaf weeds. The "no till" system involves the use of a 
contact herbicide that controls all existing vegetation 
before soybeans are planted into any previous crop, such 
.ascorn, wheat stubble, or pasttre. 

Before these methods are introduced to the tropics, 
thorough testing by local agronomists or weed specialists 
must occur. The senior author visited several progressive 
farmers who had experimented with tile "stale seedbed" 
method of controlling weeds in Brasil. The method failed 
completely because perenial grasses could not be ade-
quately controlled. 

Another approach to weed control in tropical regions 
is the use of paraquat directed between the rows of up-
right and fast growing crops, such as legumes. Because 
paraquat is absorbed by tile foiage within a few minutes 
after application, it is especially useful during the warm- 
wet season, when weeds grow rapidly and traditional 
weed control methods are ineffective. To apply paraqltat, 
we designed a funnel-shaped shield over a nozzle, and 

instructed the applicator to drag the shield over the 
weed foliage. When careful application procedures are 
followed, weeds can be successfully controlled in approxi
mately one-third of the time required to control the 
weeds by hand hoeing (William, 1973). 

Weed Control in Rice Stubble Soybean Culture 

When soybeans follow rice according to the rice stub
ble culture method, an entirely different weed problem 
confronts the soybean grower. The infestation is usually 
reduced, because the few weeds found growing in rice 
at harvest time die when the soil is no longer flooded. 
Also, fewer viable weed seeds remain exposed to the soil 
surface under proper conditions for germination since 
no additional cultivation is accomplished. However, be
cause soybean seeds are planted throughout the field at 
the base of the rice stubble at spacings of approximately 
22.5 cm by 25 cm, there is limited space for weeding 
with traditional implements or by animal cultivation. 
In addition, many soybean growers either burn rice 
straw or place rice straw over the seed after planting to 
conserve soil moisture and partially control weeds. 

In Taiwan approximately 67 percent of all soybean 
hectarage in 1974 was planted during the winter season 
in the Pingtung-Kaohsitng area (Taiwan Agr. Year
book, 1975). Results of a random sample survey of 10-1 
soybean growers in Taiwan showed that 96 percent 
planted soybeans after rice, using the rice stubble cul
ture method; 78 percent of this group used herbicides 
(Table 5). Paraquat alone or herbicide combinations 
with paracjuat were the most popular. Most herbicides 
were applied as preplant applications, although a few 
farmers in Kaohsiung applied the herbicides after sowv
ing. The herbicide rates that farmers mentioned in the 
survey, however, appear to be rather low compared to 
rates that are normally recommended. 

We therefore tested combinations of the cultural and 

Table 5. Factors Related to Herbicide Use by Soybean Growers in Taiwan, 1974-1975 

Percent of herbicide users at three locations 
Factor surveyed Pintung Kaohsiung Hualien 

(N = 83) (N = 29) (N = 28) 

Herbicide name
 
paraquat ........................... 38 3 4
 
alachlor ............................ 6 10 6
 
butachlor ........................... . 4 1
 
paraquat + alachlor ................. 12 3 4
 
paraquat + other herbicide ........... 5 0 0
 
other and unknown herbicides' ........ 17 24 4
 
no herbicide used .................... 18 60 82
 

Herbicide application method ........... preplant preplant and preemergence
 
preemergence 

Soybean planting method ............... rice stubble (87%) rice stubble (97%) tillage (100%) 
+ tillage (13%) + tillage (3%) 

Season planted ........................ cool-dry cool-dry warm-wet
 

Several farmers could not recall or did not know what herbicide they applied, only that they 
applied a chemical to control weeds. 

Source: adapted from K. R. Huaig and M. R. Menegay. Soybean production situation in Tai
wan. AVRDC, Shanhua, Taiwan (in pr ;paration). 
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chemical methods of weed control in rice stubble soy- stantially improve weed control in the burned rice straw 

bean culture at AVRDC this past season. Soybeans treatment (Table 7). Combinations of hand weeding or 

('Shih-Shih') were planted a few days after rice harvest paraquat with alachlor also improved weed control 

at the base of the rice stubble, and combinations of slightly, compared with the treatments using only one 

herbicides were applied, or rice straw was mulched on weed operation. Soybean yields were low because of the 

the soil surface or burned. Because the short-strawed late llanting, but were generally improved with increas

rice varieties planted in southern Taiwan do not produce ing levels of weed control (Table 8). 
sufficient straw to adequately mulch soybeans, the quan
tity of rice straw used was 1.5 and 2.0 times more than Table 6. Effect of Traditional Mulching Treatments in Coin. 

the amount originally grown per unit area in the rice bination with Herbicides for Weed Control in Rice 

straw mulch and burned rice straw treatments, respec- Stubble Soybean Culture 

tively. No additional rain fell after planting, although ,d s i\ tt 
Mll* (no/ti Wee)(ke/h ih 

the experiment was planted almost one month late be-
in 1975. 	 treatment No In') Nt/ Her

cause of an extended rainy season 
tetetNo Her- 'No Her-

Results from this single experiment suggest that hoth herbicide bicide' herbicide bicidel' 

the rice straw mulch and burned rice straw provided N nlc..............!j, 4.01 
No....i ulch... .01 0.71....1 ill 

better general weed control than the no mulch check Burned rice straw. ....... 33 34 0.50 0.314 
with herbicides (Table 6). Both mulching materials re- Rice straw mulch ....... 80 42 0.91 0.45 

duced the light often required for weed seed germination, According ti the F-test tht main pl-t (cltural). subplot 

and the burned rice straw treatment controlled all weed (chemical) and the interaction were significantly different at 

of herbicides ira- the 5 percent level. Eleusine indira and Echinochloa colonumvegetation at planting time. The use 
in both 	 the rice were counted from a 6 in2 area. Cynodon dactylon was included

proved tile control of annual grasses in tile fresh \%eight data.
 

straw mulch and the no mulch check, but did not sub- "Data are averages of all herbicide treatments.
 

Table 7. 	 Control of Annual Grasses Using Cultural and Chemical Methods in Soybean Rice 
Stubble Culture at AVRDC, 1975 

Annual grass count" Fresh wt all grass weeds" 
(kg/t 12) 

Chemical weed treatment (n./6 in
2 
) 

(dose kg/ha) N Burned Rice No Burned Rice 
II rice strawrice strawmualch straw 	 mulch straw mulch 

Weedy check .................... 169 33 8t) 4.01 0.50 0.91
 
Hand weeded check .............. 42 39 57 0.03 0.41 0.61
 
Paraquat (0.75) ................. 106 53 54 0.77 0.77 t0.29
 

93 	 34 54 0.95 1. 3B 0.83Alachlor (1.5) .................. 

Butachlor (1.5) ................. 97 
 25 48 1.06 0. 29 I.82 
Alachlor + hand weeded ......... 111 33 41) 01.39 0. 1t) 0.21 

0.40 ( 	 0.15 t. 1() Paraquat 	+ alachlhr............. 85 27 14 


were 
grass count data include only Eleusine

According to the F-test, the main plot (cultural), subplot (chemical) and the interaction 
significantly different at the 5 percent level. Annual 

include Cynodon dactylon.indica and Echinochloa colonuin, whereas fresh weights also 

Table 8. 	Effect of Cultural and Chemical Weed Control Methods on Yield of Soybeans 

Grown After Rice, Using Soybean Rice Stubble Culture Method 

Soybean grain yield' (kg/10 M2
) 

Mean 
(dose kg/ha) No But -ed Rice straw chemical 

amulch rice straw mulch 

Chemical weed treatment 

treatment 

Weedy check ............................ 0. 60 0.711 0.73 0.70
 
.77Hand weeded check ....................... I,81 1.74 0. 78 


Paraquat (0.75) ........................... 0. 68 0.75 0. 86 0.76
 
Alachlor (1 .5) ............................ 0.7(1 0. 0 0.75 0.75
 
Butachlor (1.5) ........................... 0.75 0.76 0.95 0.82
 
Alachlor + hand weeded ................... 0.70 0.87 0.,80 0.86
 
Paraquat + alchlor....................... 0.85 0. 76 0.97 0.86
 

Mean cultural method ..................... 0.72 0.78 0.84
 

atAccording to the F-test, the subplot treatments (chemicals) and interaction were significant 

the 5 percent level. LSD 5 percent for chemical treatment was 0.1 kg/10 in' and 0.16 kg/10 

in' for any level of chemical within the same level of mulch. 

' 
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It is often difficult to assess the biological or economic 
effect of continual maintenance of a weed-free field dur-
ingy continued crop production throughout an entire year. 

I1
\e have noticed many soybean growers in southern 
Taiwan who repeatedly weed soybeans when no appar-
ent economic or biological response is expected, but be-
cause Achinochloa colonum in particular is considered 
a serious pest in rice, these farmers maintain a low popu-
lation level of this weed. 

FUTURE OUTLOOK AND SUMMARY 

The potential for increasing soybean production on 
a world basis is indeed great, but must be considered 
from a "total systems" point of view. For example, we 
must consider the social, economic, and biological iipli-
cations of our research work and improvement programs. 
At times these barriers inay seem great in certain coun-
tries, but at some point there ought to be an economic 
advantage gained with the use of improved technology. 
We must therefore understand and appreciate these fac-

tors and develop systemss that meet the requirements of 
local growing conditions and economic situations in the 
v'arious countries. 

The development of weed control technologies must 
also be considered an integral part of the "total system." 
Only recently have we begun to understand the role 
herbicides must play in any production system. Recent 
work from the southern United States (Dowler et al., 
197-1, Iauser et al., 1974), the Philippines (Harwood 
and Ilantilan, 1974), and Colombia (Doll and Piedra-
hita, 1975) has suggested that cropping systems or crop 
rotations and the use of mechanical plus chemical weed 
control have provided the best means of weed control 
over a two- to four-year period. Harwood and Bantilan 
(197.1), for example, showed that most grasses and 
sedges were virtually eliminated after four seasons when 
a low level of chemical treatment (butachlor at 0.6kg/ha) was followed by a single hand weeding in coin-
inaion w f wdoubt 

bination with one or more high leaf area index crops, 
such s corn, interplanted with mung bean. 

We are onlh beginning to appreciate the dynamics of 
the total systems alproach to weed and crop manage-
nwnt or iniproved crop production technologies. It is 
certainly worthwhile to note the initial work in Asia, 
but it is even more important to consider the challenge 
of improving the entire production, marketing, and 
utilization scheme for soybeans. An integrated and effi-
cient syst('ntt of weed control will be a vital segment oftie scheme, ad the ce of herbicides will most likely

lay a significant role when used as a part of the total 
s signt rThe 
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Discussion 

N. 	Vignarajah: Will the practice of burning plant debris 
and so forth in the highlands be as effective, in terms 
of weed control and weed weight, as in rice stubble 
soybean culture? Will not such practices break the 
dormancy of weed seeds? 

R.D. William: Burning rice straw or plant d.bris willenhance the germination of certa'in weed seeds, but 1 
that significant numbers or fresh weight ofweeds will he affected in upland soybean prouctioi 

systeins. Under upland conditions, weed seeds are ran

doinly mixed in the soil, and if proper soil preparation 

is 	 practiced, few or no weeds should be growing at 
planting time when burning would occur.Ricarte Abejuela: Do you have economic data to show 
when to use mulch with a herbicide or when not to 
use a herbicide? 

R. D. William: We do not have the specific economic 

data that you requested, but we do have sonic coin
parisons. In Taiwan, rice straw is used to mulch vari
ous crops, to feed livestock, to burn for fuel, and to 
produce mushroom compost, rope, bags, and paper.

value of straw after rice harvest is a)proximately 
US$40 per hectare. 

In the experinent, 1.5 and 2.0 times more rice straw 
were required to adequately mulch or burn, respec
:ivcly. Therefore, the value of the rice straw would 
be $60 and $80 for the rice straw mulch and burned 
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rice straw treatments, respectively. Of course, these that herbicides are competitive, in terns of cost, with 
figures do not include the cost of transportation for the rice straw mulch. 
the extra straw, nor the cost of labor to spread the Also, please note that there are other benefits from 
straw. Current market costs per hectare for herbicides rice straw mulch that are diflicult to evaluate without 
such as alachlor, butachlor, and paraquat are $30, elaborate studies. These benefits include the conserva
$40, and $10, respectively. At present we lack accu- tion of soil moisture after the rains cease and enhanced 

rate estimates of farm labor costs for applying these soybean seed emergence or modifications in nutrient 
herbicides. However, in Taiwan it certainly appears availability after the rice straw is burned. 
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Foliar Diseases of Soybeans
 

Charles Y 

About fifty diseases are known to attack soybeans, ap-
proximately twenty of which are found in East and 
Southeast Asia. The diseasesiruesnemtods,ccaionllymycplamascaused by fungi, bac-tera, nd are 
teria, viruses, nematodes, and occasionally mycoplasmas 
(Athow, 1973: Dunleavv et al., 1966; Kennedy and 
lachihana, 1973: Kitajina and Kagihiara, 1972). In 
any given year some diseases may be found wherever soy 
be:tns are grown. Others are not so widespread, and still 
others require a rather specific environment before they 
can develop, 

A l l so Uit, disea ses ca use) ll p la n t d a m age , bu t some ,a 
such as Plhakopsora rust, yellow mosaic, and soybean
mosaic, are especially serious. The use of resistant vari-
eties is the most practical and economical means of con-
trolling soybean diseases. Many of the foliar diseases 
attacking soybeans can also be controlled by the applica-
tion of chemicals. An assessment of soybean yield losses 
due to foliar diseases in the field has not yet been done 
in Southeast Asia. Information on economic thresholds 
is necessary for the development of effective, economical 
control nwastres against these diseases. 

The most destructive of the foliar fungal diseases is 
soybean rust, caused by Plhakopsora pachyrhizi. It is 
widespread in Asia and Australia and can be regarded 
as a potential threat to other soybean production regions. 
Probably the miost common bacterial diseases throughout 
the world aie bacterial blight, caused by Pseudomonas 
glyciea, and bacterial pustule, caused by Xanthomonas 
phaseoli var. sojensis. Although bacterial piithogens are 
common on soybeans, they apparently do not seriously 
limit production (Kennedy and Tachbana, 1973). Wilt 
symptoms have been reported in certain areas, but leaf 
spots are the more prevalent synptoms found. Most bac-
terial pathogens are seed borne, which may account for 
their wide distribution. Reports of crop loss due to bac-
terial diseases are rarely found in the literature, but yield 
losses of 30 to 95 percent were reported by Russian in-
vestigators. Recently, blight and pustule were found to 
be the most prevalent bacterial diseases in Brasil (Ken-
nedy and Tachibana, 1973). 

Yang . 

SOYBEAN RUST 
Soybean rust, caused by P. pachyrhizi, is one of tie 

moreoyean utcas least .udied diseases onsoybeanscommon but b studied is of ofte 
grown in Asia and Australia. It occurs in the Far East, 
from Korea and Japan, south to Australia, and in China, 
India, and Southeast Asia. Annual losses up to 50 per
cent have been reorted AVRDC 1975 

S 
Soybean rust occurs prmarily on the leaves, but may

also be found on the petioles and stems of soybeans in 
a severely infected field. Small, grayish-brown spots firstp e r oIni f c d l av s f th l w r p r s of t oy 
appear on infected leaves of the lower parts of the soy
bean plant. At later stages of soybean development, these 
spots become larger or sometimes coalesce, and the leaf 
becomes a dark brown color. Geeraly fotnd on the 
underside of the leaf, the spots erupt into peustules, 
which contain the powdery brown or pink uredospores 
characteristic of this rust. If the soybean plants are 
heavilyinetdprmtrdeoitoocusinfected, premature defoliation occurs. 

The rust-inducing fungus was first described by lien
nings in 1903 as Uredo sojae. Since that time it has 
been known by a number of synonyms. In 1932 Hirat
suka finalized the name of the soybean rust l)athogen as 
Phakopsora pachyrhizi. Information on the life cycle of 
this fungus is incomplete. Only the uredospores and 
teliospores have been described (Kitani and Inoue, 
1960). Uredospores are hyaline to yellow-brown, oval 
with fine echinulation, and 21 to 42 x 15 to 29 It in size. 
Teliospores are one-celled, elliptic to polygonal, 19 to 
30 x 4 to 13 It in size (Kitajinma and Kagihara, 1972; 
Kitani and Inoue, 1960). 

The soybean rust pathogen, P. pachyrhizi, can attack 
a number of legume crops and has a wide range of hosts. 
It is not understood how the fungus survives from season 
to season in nature. However, perennial hosts, such as 
wild soybeans, yam beans, and other legumes, are sus
pected to be its hosts between seasons. 

No truly resistant variety of soybean has yet been 
identified. Screenings of the soybean germ plasm collec
tion at AVRDC have determined that certain soybean 

Charles Y. Yang: AVRDC, Shanhua, Tainan, Taiwan. 



varieties, such as PI 200492, PI 200490, TK5, and Tai-
hung -1, formerly considered rust-resistant, were suscep-
tible. lowever, a small number of soybean cultivars, 
screened under tile same epiphytotic conditions, showed 
moderate resistance to rust. The%, are being tested fur-
ther. The soybean rust pathogen is not transmitted 
through seeds (AVRDC, 1976). Rust damage can be 
reduced by the application of fungicides if chemical 
spray schedules are started on a regular basis at an earl' 
stage of soybean growth (AVRI)C, 1976). 

DOWNY MILDEW 

Downv mildew on sovbeans was first described 1 
Miura in 1914. This disease has been found wherever 
soybeans are grown. 'ests have shown that downy mil-
de'w, Peronospora miansirica, call reduce v'ield as lmuch 
as 8 percent (Dunleavy et al., 1966). 

If the environmental conditions are right, downy mil
dew usually occurs prior to the flowering stage of soybean 

growth. Yellowish-green areas varying in size and shape 
on the leaf's uppet surface are produced in the initial 
stages of infection. The diseased areas later become 
grayish-brown to dark brown necrotic lesions that are 
commonly surrounded by chlorotic, yellow-green mar-
gins. A fluffy, gray or faintly purple, mycelial growth
develops in the lesions on the undersurface of the leaf.Severlpsiaild leavens becomhe unde eat f e leaf.Severely diseased leaves become dry, curl at the edges, 

de. are -
Plts tbtat syste.niea
and fall premiaturely lt thve sybeagicni 
fectecl remain small throughout the soybean growing 
season. The fungus sporulates abundantly on collidio-
pliores that make up the fluffy, mycelial growth on tile 
,nderside of the leaf. Conidia are ovoid to subglobose, 

15 to 28 x 16 to 22 /t in size, and faintly grayish. Light 
brown, smooth-walled oospores are 24 to t0 /tin size. 
Infected seeds have a powdery, dull white encrustation 
on the seed coat. The entire seed, or only portions of it. 
may be infected. The seed encrustation is composed of 
oospore masses, 

Many physiological races of P. manshurica have been 
re)orted. The following cultivars can be used as race 
differentials: Pridesoy, Norchief, Mukden. Richland, 
Roanoke, Illini, S-100, Palmetto. Dorman, Kabott, and 
Ogden ()unleavy et al., 1966). A physiological race of 
P. manshurica closely resembling )umnleavy's race 20 has 
been identified at AVRI)C (AVR1)C, 1976). 

The fungus survives fro season to season on diseased 
crop)residues and on the seed. A small percetage of the 
infected seed produces systemically infected plats that 

serve as sources of infection. Chemical seed treatment 

can eliminate the incidence of systemically infected 
plants. 'T'lie cultivars Mendota, Kanrich, and Shih-Shilh 
appear to be resistant to the races in Taiwan. 

PURPLE SEED STAIN 

Purple seed stain, caused by Cercospora kikuchii, is 
the most prevalent and widely distributed disease of 
soybean seed. The disease has been observed in most 
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countries where soybeans are grown. Seed discoloration 
varies from pink to light or dark purple. The discolored 
area may he t 1e size of a small spot or may cover the 
entire seed coat. Cracks often occur in the discolored 
areas, giving the seed a rough, dull appearance. Although 
the symiptoms of purple stain are most conspicuouS on 
the seed, the causal organism also attacks leaves, stems. 
and pods. 1'oliar synmptonis become most evident durimn 
tile latter part of the growing season as tile plants ap
proach maturity. Individual lesions are angular, reddish
brown spots approximately 2 mn in diameter. 'I'levy 
frequently coalesce to form large areas of dead tissue 

that have a crusted appearance and that ae noticeably 
thickened. Weather conditions cluring the tiue of flower

ye a pronouced ifluece of] 
the plntaturity ha 
th1 1lpercentage (of discolored seedls that dreelop. NMore 
than 50 percent of the seeds of some varieties may he 
discolor..d. 

d
CieIausungus a ( opoya in 1925 d.scni19 

cusgd the iie to('ercospori kikchii. 'I'liepathogen 
vhawinters on diseased leavesrai stemis as well as in 

infected seeds. Seeds infected with C kikceili ;vea. 

slightlh lower germination rates than noinfected seeds. 
'Ie funuiis 'oliidioroduces abundant filifoln hvile 
Th f p
 
spores that have 0 to 22 septa and that are 7(1 to 165 x 
4 to 5 itin size on the diseased seedlings. The spores are 
both wind borne and rain splashed oito other leaves.

Varietal differences with regard to susceptibility have 

benosrdadP883apastoe iiie 
been observed, andi P 80837 aplears tobe ineiie 
to prple seed stain. Recently, 25 soybean accessions 
screened from 1.87.1 of the geri plasmn collection at 

AVI%-)C have becii foud resistant to purple seed stab,
 

(.\VRIC, 1975 and 1976). 

TARGET SPOT
 
Target spot, caused by

I'agetspo, cuse byCorynespora cassuwo-la, occurls
in Taiwan, People's Republic of China, Japan, Camn
hodia, Nicaragua. and the LUnited States. An 18 to 32 
percent yield loss from target spot was mieasured 1v I lart
wig in the Mississippi l)eha area during a ie-yea
 
period when the August and Septembel' rainfall was 
above nornmal (Atlhow, 1973). 

larget Spot occurs primarily oil the leaves, but may 
also be found on the petioles, stems, pods, amd seeds. 
The lesions on the leaves are reddish-brown, circular to 
irregular, and vary from pinpoint size when young to 

I n oit sie ler l 
10 t i nh oe henricr e.of a rge l e 

lesions are frequently surrounded by a dull green o
 
yellowish-green halo. Premature defoliation may follow 
e
 

lesion developmient. 
The fungus attacks plants of several genera, and there 

appears to be some pathogenic variability among isolates. 
All isolates were morphologically similar. ThIe conidia 
were of an inverted club shape, hyaline to light olive in 
color, with 2 to 20 septa. In size they ranged from 5 to 
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20 Itwide and 26 to 219 It long. Most of the soybean cul-
tivars grown in the southeastern United State.,are resis-
tant to the fungus. 
FROGEYE LEAF SPOT 

The fungui causing frogeye leaf spot was first described 
as Ccrco.pora sojina in Japan in 1915. The disease has 
been reported on soybeans grown in Taiwan, People's 
Republic of China, Thailand, Japan, the Philippines, 
India, Australia, Canada, southern United States, Vene-
zuvl. Guatemala, Brasil, Germany, and the U.S.S.R. 

' eaf spot is primarily a disease of the leaves, 
but stems, pods, an I seeds may also be infected. Lesions 
on the leaves vary in both size and shape, and have a 
gray or light tan central area with a narrow, reddish-
brown border. When the lesions are numerous, the leaf 
becomes dry and drops. Infection on stems and pods is 
not distinctive. Moderately heavy infection can reduce 
seed yield 12 to 15 percent. 

The fungus survives from season to season in diseased 
leaves, stems, and seeds. The hyaline spores are of an 
inverted club shape, 4 to 12 x 14 to 79 It in size, and 
have 0 to 10 septa. The spores, which are produced on 
diseased crop residues, are a prime source of inoculuni. 
Infected seeds are a means of long-distance dissemination 
of this pathogen. Physiological specialization of this fun-
gus has been reported. Frogeye leaf spot can be effectively 
controlled by using resistant soybean cultivars. Davis, 
Ogden, and Kanrich are resistant to all four races of 
thre frogeye pathogen (Athow, 1973). 

BROWN SPOT 
Brown spot. caused by Septoria glycines, was first 

described in Japan in 1915. It Ins been reported in 
Taiwan, People's Republic of China, Japan, Korea, 
U.S.S.R., Yugoslavia, Germany, Italy, Canada, the 
United States, and southern Brasil. 

It is primarily a leaf spot disease causing severe de-
foliation. The first symptom of the disease is the appear-
ance of irregular, dark brown patches on the cotyledons. 
Next, reddish-brown, angular spots, 2 to 3 nun in diani-
eter, develop on the primary leaves, which quickly turn 
yellow, and drop. The disease progresses upward on the 
plant from the lower leaves. The lesions frequently co-
alesce. The disease may appear on the stems and pods 
of plants approaching maturity. Brown pycnidia form 
in mature lesions, which are found primarily on the 
upper side of the leaves. Pycnidiospores are hyaline, fili-
form. curved, and have one to four septa. They range 
from 1.1 to 2.1 x 21 to 53 It in size. 

Conidia overwint,.r on diseased leaves and stems. The 
fungi enter the leaves through stomata and grow inter-
cellularly. hey are seed borne. This disease is more 
prevalent w%'hen soybeans are grown on the same land in
consecutive years, because the inoculam for initial in-
fection arises mainly from infected plant debris. No 
resistant culti'ars have been identified, 

BACTERIAL BLIGHT 
Bacterial blight, caused by Pseudomonas glycinea, is 

present throughout soybean production areas in the 
United States, U.S.S.R., Japan, Taiwan, the Philippines,
and People's Republic of China. 

SympNtons of bacterial blight are particularly con
spicuous on leaves and consist of small angular lesions, 
usually water-soaked at the center and surrounded by 
a yellow-green halo. Spots later become brown or black 
as tissues die, and eventually shredding of the foliage 
occurs. The disease is not restricted to leaves, lesions 
frequently being found on stems, petioles, and pods. 
Stunting and chlorosis occur in young leaves and are 
caused by a toxin produced by the pathogen. Torn leaves 
are almost always present on infected plants. Seeds are 
infected via the pod. The spread of this disease is facili
tated primarily by splashing rain. The pathogen can 
survive for at least seven years in dried leaves at 5 to 
7°C, but it is especially vulnerable to antibiotic activity 
of soil microorganisms (Kennedy and Tachibana, 1973). 

The causal bacterium, P. glycinca, is a Gran-negative 
rod with rounded ends, and is motile, having one to sev
eral polar flagella. There are different races of this path
ogen in nature. Variability in host resistance to P. gly
cinea has been noted (Kennedy and Tachibana, 1973). 
Flambeau and Hawkeve are less susceptible than most 
soybean cu .ivars, while PI 68708 is highly resistant. 

BACTERIAL PUSTULE 
Bacterial pustule, caused by 'X.phaseoli var. sojensis, 

has been found throughout soybean-growing areas of the 
United States and many countries in Southeast Asia. 

The bacteria enter through stomata and cause hyper
plasia and hypertrophy of niesoplhyll leaf cells, result
ing in the formation of pustules. Bacteria are present 
throughout the pustule, and host cells become partly
suberized. An early symptom of this disease is the forma
tion of small, pale green spots with elevated centers. 
The spots ai'e usually confined to the lower leaf surface, 
where dhey are most conspicuous. They are seldom more 
than I mm in diameter, yet they malv become confluent 
and cause large brown patches of dead leaf tissue. These 
spots do not produce the conspicuous water-soaked ap
pearance characteristic of blight. Yellowing is a readily
noticeable symptom, but is not a universal symptom of 
pustule. When found, it occurs around the periphery of 
each individual lesion. 

The causal organism was named Xanthomonas phase
ol var. sojense by Hedges in 1924. The bacterium can 
overwinter in the rhizosphere of wheat roots and may 
infect weed hosts. The effect of bacterial pustule on yield
and chemical composition of soybeans has been studied 
(Hartwig and Johnson, 1953). In resistant lines the pro
tein content was higher and the iodine number in the
oil was lower than in susceptible lines. A reduction in 
seed number, as well as other factors, accounts for yield 
losses. A yield loss of 4.3 percent was reported to be 
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caused by bacterial pustule, primarily because of the LITERATURE CITED
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Root and Stem Diseases of Soybeans 

F.C Quebral 

Root and stein diseases of soybeans in Southeast Asia 
and the Pacific are considered of minor importance; 
consequently, very little attention has been given these 
diseases. This is reflected in the scarcity of available 
published materials devoted to them. Another possible 
explanation for the dearth of materials is that soybeans 
were not widely cultivated until recently. Thus they had 
low priority in terms of research activities. 

Investigations of root and stein diseases basedare 
primarily on slrveys, reports on their occurrence, and de-
scriptions of their symptoms and causes. The most con-
inonly reported root diseases in the regiein are Rhizoc-
tonia root rot, Sclerotiuni wilt, charcoal rot, basal stein 
rot, collar rot, and wilt (Table I). 

At present Rhizoctonia root rot and Sclerotium wilt 
are considered the most prevalent root diseases in the 
region. Rhizoctonia root rot is caused by the pathogen 
lhizoctonia solani Kuehn (Syn.: Pellicularia filamen-
tosa (Pat.) Rogers: Corticuin solani (Prill and Delacr.) 
Bourd. and Galz.). Sclerotium wilt is caused by Sclero-
tinm rol/sii Sace. (Syn.: Corticum centrifugum (Lev.) 
Bres.; llypolhnu centrifugus (Lev.) Tul.). They have 
been discus.;ed by the following researchers: Agrawal 
and Katasea 'i (1971), Chandrasrikul (1962), Chu 
and Chlnang-Yang ,1961), ])aculla (1969), Dunibleton 

195-), Endo (1963), Fujioka (1951), Cll and Lim 
(1975 , Ilan ( 1959). Hanson (1963), Johnston (1960), 
Kurata (1960), Litsenberger et al. (1962), Mathur 
(195-1), Morwood (1956), Oei-I)harnia (1969), Rod-
rigo (1947), Sangawongse (1975), Shivanathan (1975), 
Thompson and Johnston (1953), Uichanco (1962), 
Uppal et al. (1935), and Anon. (1974). Both pathogens, 
which are worldwide in distribution, have similar life 
cycles and attack many species of plants (Brien, 1932; 
liacula, 1969; Pruss, 1973; Sangawongse, 1975; Uic-
anco, 1962). 

RHIZOCTONIA ROOT ROT 


Rhizoctonia root rot, also known as Rhizoctonia blight 
and collar rot, causes a high percentage of seedling loss 

in close plantings during the wet season, when the soil 
is extremely moist (Rodrigo, 1947; Sangawongse, 1975; 
Uichanco, 1962). In Uttar Pradesh, India, heavy losses 
have been observed among soybeans grown at an altitude 
of 4,000 to 7,000 feet, as well as among those grown in 
the plains. The plants were affected during the Kharif 
season, especially in August (Mathur, 195]). 

In Sri Lanka, where soybean cultivation started re
cently, collar rot is estimated to have damaged 10 per
cent of die plants. Continuing surveys indicate that the 
disease is becoming widespread (Shivanathan, 1975). 
Both Queensland, Australia, and Taiwan have experi
enced difficult\, attaining a good plant establishment due 
to Rhizoctonia (Chu and Chuang-Yang, 1961; Pruss, 
1973). R. solani, a soil-borne pathogen, has been found 
to be more aggressive when supplied with an external 
source of nitrogen (Geroninio, 1972). Kahn (1954) re
ported it as highly pathogenic to soybeans at pH -1-6. 

SCLEROTIUM WILT 
In Taiwan a survey conducted over a two-year period 

(1956-1958) revealed that Sclerotimn wilt, also known 
as sclerotial blight, southern blight, and foot rot, was 
present in most of the soybean-producing areas on the 
island (Hanson, 1963). .\ high incidence of the disease 
was reported in the sugar cane-soybean interplanted 
fields of Taiwan (Chu and Cliuang-Yang, 1961). In 
1964 Sutakaria of Indonesia surveyed the important dis
eases of soybeans in his country and remarked that rela
tively little was known about soybean diseases (Suta
karia, personal communication). Among the diseases 
mentioned, Sclerotiuni blight was reported as the most 
serious soybean disease in Indonesia (Oei-Dharmna, 
1969). In Thailand, where the disease is known as basal 
stem rot, the pathogen attacks seedlings, causing as much 
as 25 percent seedling loss (Sangawongse, 1975). Scat

tered areas of dead seedlings are commonly seen in irri
gated fields. In Madhya Pradesh, India, Sclerotium 
blight has been reported to kill soybean seedlings at 
pre- as well as postemergence stages of their growth 

F. C. Quebral: Department of Plant Pathology, University of the Philippines at Los Baoos, College, Laguna, Philippines. 



Table 1. Root and Stem Diseases of Soybeans 

Disease Pathogen 

Wilt, Sclerotium blight, Scerotium sp.; Scierotium rolfsii;
southern blight, foot rot Corticium cntrifugum;

Hypochnuscentrifugus 

Sclerotinia rot, stem rot Scerotinia sclerotiorun 

Rhizoctonia blight, Rhizoctonia solani; Pellicularia 
Rhizoctonia root rot, collar filamentosa; C(orticiun solai 
rot 

Charcoal rot, dry root rot Sclerotium bataticola; Rhiocinia 
bataticola;AMacrophomnina 
phaseoli; Af.phaseolina 

Basal stem rot Ophionectriasqiae 

Wilt Fusariun,oxr'sporurn; .'usarium sp. 


Bacterial wilt I'seudomronas solanacearum 
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Distribution 

Malaysia, Thailand, Cambodia, 
Indonesia, Sarawak, Japan,
Fiji, Philippines, China, 
Taiwan, India 

Taiwan, Japan, Australia, New 
Zealand 

Malaysia. Japan, Thailand, 
Australia. Sarawak, Sri Lanka. 
Taiwan, Philippines, India 

Thailand, Philippines, Taiwan, 
Sri Lanka, Indonesia, India, 
Australia 

Taiwan, Japan 
Japan, Laos, India, Philippines 
Indonesia 

Phytophthora rot Phytophthora megasperniavar. ioiaeIndia 

(Agrawal and Katasthane, 1971). Other countries that 
reported the presence of this disease are West Malaysia, 
Fiji, Japan, Cambodia, Sarawak, the Philippines, and 
the People's Republic of China. 

CHARCOAL ROT 


Charcoal rot, caused by Macrophiomina paseol(Maubl.) Ashby, is another root disease becoming more 

important in the region. Much of the Queensland soy-
bean crop in 1973 suffered from a condition commonly 
described as "sudden wilt." This disease was unusually 
severe, affecting large patches of soybeans, mostly 'Wills,' 
as they approached maturity. In every case, . phaseoli 
was associated with the condition. The disease has been 

reported to be especially bad where crops grow in heavy 
black soils (Pruss, 1973). Observations in India and 
Thailand indicate that charcoal rot may cause extensive 
damage to soybeans under stress conditions, such as ex-
cessive heat or drought (Sangwongse, 1975; Singh and 
Mital, 1970). The disease causes smaller seeds and re-
duced yield. Both the seed and soil from various soybean 
planting areas usually contain the charcoal rot lathogen. 

OTHER ROOT DISEASES 

Other root diseases occurring in the region are Sclero-
tinia rot (Sclerotinia sclerotiorum (Lib) de Bary), Fu-
sarium wilt (Fusarium oxysporunz Schlecht, Fusarium 
sp.), basal stein rot (Ophionectriasojae Hare), and bac-
terial wilt (PseudomonassolanacearumE.F.S.). 

Exotic varieties, as well as existing local soybean cul-
tivars, are susceptible to one or more of the root diseases 
under favorable conditions. Attempts to control the 
diseases have been directed toward breeding and screen-
ing varieties for resistance, Inoculation screening tests 
have shown some varieties to be resistant. In Madhya 
Pradesh the resistant varieties are IC216, Taichung E 32, 
Improved Pelican, Monetta, Shelby, Palmetto, Hood, 
Jackson, Hill, Clark 63, Harosoy, Shih-Shih, and Hardee 

(Agrawal and Katasthane, 1971). Varieties that have 
shown some degree of resistance in the Philippines are 
L-114, CES 276, CES 16-21 PD, CES 16-26, PI 200492, 
L-2A, Tainung No. 4, Tainung No. 3, Kaoshung No. 3, 
and 1-346. 

Other means of controlling the diseases include the 
use of chemicals applied either to the seed or into the
soil. Some of these chemicals are PCNB, formaldehyde,and captan and thiram fungicides (Barraquio, 1969; 

Oei-Dhara, 1969; Oka, 1975; Sangawongse, 1975). 
Proper cul ural management, including time of planting, 

crop rotation, and application of soil amendments, such 
as rice hull and sawdust (Geronimno, 1972; Oei-Dharnia,1969: Rodrigo, 1947; Uichanco, 1962), is another means 
o otoln h ies.Bti otcss oto 
of controlling the disease. But inmost cases, control
 
measures have generally not been justified.
 

Now that many" of the countries in the region have 
joined the "soybean race" and have plans to expand 
substantially the areas to be planted to sovbeans, it is 
expected that diseases, including root diseases, will be
come more prevalent. Because this can be a limiting 
factor for soybean production, it is time that the root 
rot complex of pathogens affecting soybeans be given 
greater attention by pathologists. More in-depth studies 
on etiology and epidemiology should be carried out,
for without such infornation rational and effective con
trol measures are dnlikely to be developed. In addition, 
information on the effects of the different root and basal 
stein pathogens on yield and quality is lacking. These 
kinds of data are essential in determining the economic 
significance of the diseases and in establishing priorities 
for further intensive research. 

With regard to regional and international cooperation, 
there is a need to embark on a program of interchange 
of genetic material and information on resistant cultivars 
useful for disease resistance programr. Resistant mate
rials should be freely exchanged among countries. INT-
SOY and AVRDC can contribute significantly in this 
regard.
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Nematode Diseases of Soybeans and Their Control 

N Sasser 

Plant-pathogenic nematodes, which ar*e worldwide in 
distribution, constitute a major threat to the production 
of most crops. Soybeanr can be severely damaged by 
nematodes, especially in the sandy soils of warmer cli-
mates. My remarks will center around the following: 
(a) the need to reduce nematode densities below dam-
aging levels in fields planted to soybeans, (b) the kinds 
of nemat-des that limit soybean production, (c) the 
problems encountered in devising effective control mea-
sures, and (d) the application of available knowledge 
to control nematodes. 

NEED TO REDUCE NEMATODE DENSITIES 

All nematodes that attack soybeans feed on the root 
systemoresultingreutn in different of f damage, suh asassystem, ndfeetkindskyns e, such 

galls, lesions, general cessation of growth, root pruning, 
destruction or alteration of nodules, and general root 

deterioration. In addition to causing substantial damage 
by themselves, nematodes predispose the soybean plant 
to attack by fungi and bacteria, niany of which are not 
normally pathogenic. This root damage is manifested in 
poor shoot growth and lower yields. In most cases, the 
aboveground (or shoot) growth and the subsc.quent yield 
are directly correlated with the growth and vigor of the 
root system, and inversely correlated with the plant-
parasitic nematode density. Thus, control of these pests 
is essential for profitable yieldF. 

KINDS OF NEMATODES THAT ATTACK SOYBEANS 

The following nematodes are known to be important 
pathogens of soybeans: root-knot (Meloidogyne spp.), 
soybean cyst (Heteroderaglycines), lesion (Pratylenchus 
spp.), reniform (Rotylenchulus reniforniis), sting (Be-
lonolainmus spp.), stubby root (Trichodorus spp.), dag-
ger (Xiphinema spp.), lance (Hoplolainmus spp.), spiral 
(Helicotylenchus, spp., Rotylenchus, spp.), and stunt 
(Tylenchorhynchus spp.). Others of lesser importance 
include pin (Paratylenchus spp.) and ring (Cricone-
moides spp.). 

The aboveground symptoms of nematode diseases are 
quite similar for all of the above species. There may be 
stunting of the entire plant, yellowing of the foliage, 
wilting at midday under dry conditions, irregular growth, 
and poor stands. The peculiar feeding and reproductive 
habits of individual species may be related to sympton 
expression in the root zone. Some are more destructive 
than others, which may be related to the type of physio
logical changes in the plant, resulting from the feeding 
by the neniatode. For example, root galls, caused by 
Meloidogyne spp., are quite complex compared with the 
almost imperceptible change.-s in the root tissues, result
ing from feeding by He'icotlenchius digonic1,s. The 
amount of damage in soybeans due to plant-parasitic 
nematodes is correlated with initial densities at planting 

time. The subsequent yield loss is dependent on the 
environmental factors throughout the growing season. 

PROBLEMS ENCOUNTERED 
Most fields are infested with many species of patho

genic nematodes capable of causing serious losses. Num
bers required to cause damage vary with tle nematode 
species, age of the plant, and environmental conditions 
during the growing season. Generally, if population den
sities are moderate to high at the time of planting, and 
growing conditioiis are not especially favorable, serious 
damage will occur. The initial population density is 
important because few secondary roots of the soybean 
plant have developed, and the loss of just a few roots 
at this time can retard plant growth to such an extent 
that recovery or compensation cannot occur. When ini
tial populations of the nematodes are lower, the soybean 
plant can produce considerable root and shoot tissue 
before nematode populations have increased to large 
numbers. Plant damnage is less when large populations 
occur late in season than when they occur early. When 
an effective control programn has been followed and the 
population density reduced to a trace prior to planting, 
the crop has an excellent chance to grow to maturity 

J. N. Sasser: Department of Plant Pathology, North Carolina State University, Raleigh, North Carolina, U.S.A. 
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arid produce respectable yields. ''he chances of high 
yields are enhanced if good cultural practices are fol-
lowed and growing conditions are favorable. Without 
this low initial population, however, serious crop losses 
are likely to occur. 

The question then becomes one of determining how 
to insure low initial po)pulation densities so that the 
plant will develop a healthy root system and produce a 
good crop. It should be kept in mind that most fields are 
infested with several genera and species, and while cer-
tain crops are nonhosts for some species of the nematode, 
they may he good to excellent hosts for others present. 
Sometimes a target species is present toward which con-
Iol 1l'orts are directed. For exampllle, crop rotation or 
use of resistant varieties can effectively control the soy-
bean cyst nematode. 11. glycincs, or a single species of 
(ie southern root-knot nematode, Meloidogyne incognita, 
The presence of a dominant species, such as those men-
tioned above, often suppresses development of other 
parasitic forns, and they cause no aplpreciable daiage 
the first year. Continuous planting of nonhosts, however, 
can result in a buildul) of nontarget species to a density 
capable of causing as much damage as the target species. 
L.,esion neiiatodes (l'ratlenchus spp.), for example, 
could increase on rotation crops to a level that would 
cause serious yield reduction in soybeans. Another per-
haps even more serious problem associated with such 
crops would be the overuse of resistant varieties in the 
same field. In such cases, new pathogenic strains of the 
target nematode capable of attacking the resistant vari-
ety could emerge. This plienonmenon has been called 
genetic vulnerability. Once this occurs, the grower has 
lost one of his hest weapons c' control nematodes, Viz.. 
the resistant variety. 

In addition to the po lyslecific nature of our" fields 
with reference to parasitic nematodes, another hindrance 
to control is locked into the biological makeup of the 
nematodes. For examnlle, many species can live in tile soil 
for several years in the absence of a host. While the 
planting of nonhost or resistant varieties will greatly 
reduce the population density in the soil, there are al
ways a few survivors ready to bounce back rapidly when 
susceptible hosts are planted. 

What then can growers do to alleviate damage caused 
by nematodes? This brings us to a consideration of how 
to most etrectivelv make use of available information i.a 
the. 

APPLICATION OF AVAILABLE KNOWLEDGE 

In spite of the complex nature of nematode diseases 
of soybeans and the problems associated with their con-
trol, much can be done to alleviate damage. Making the 
right choice of available control methods and optimum 
use of each method is dependent upon a correct diag-

nosis of the nematode involved and an understanding 
of its biology. For example, if rotation with nonhost 
crops is the control method selected, the grower must 
know the nematode involved and its host range, so as 
to select the right crops to use in tile rotation. He must 
also know its ability to survive in the soil for long periods 
in the absence of suitable hosts, and if possible, its patho
genie variation. With this knowledge, or even p~art of it, 
the grower can employ intelligent cropping systems that 
will greatly reduce the population density of target spe
cies. Control of the soybean cyst nematode through crop 
rotation is a -good example. Corn is a nonhost, and when 
soybeans follow two or three years of corn, population 
densities are greatly reduced and yields are quite good. 

Equally effective is the use of resistant varieties when 
available. These, however, should be used in combination 
with nonhost crops and never planted in the same field 
for more than one year. Growing of a susceptible variety 
about every four years will make it difficult for new 
lathogenic strains, should they develop, to compete by 
perpetuating the original lopulation. With the continu
ous planting of resistant varieties, new pathogenic races 
capable of attacking the resistant variety may develop. 

Finally, in some instances the use of a nematocide nmy 
be practical. For certain nematodes. such as the sting 
neatode, there are no known sources of resistance. 
Furthermore, in those areas where corn, cotton, and pea
nuts are used in rotation with soybeans, all of which are 
susceptible to this nematode, there is little the grower 
can do except reduce the population density through 
the use of nemnatocides. 

Ideally, growers should seek to use a combination of 
control methods in an integrated program designed to 
give maximum benefits from the use of each control 
practice. lhis is not always easy, but at least attempts 
should be made to take advantage of the good points in 
each method and mesh them into a total, long-range 
control program aimed at keeping damage to a mini
mum. 

Discussion 
Ricarte Abejuela: What is the nematode population 

index you recommend to warrant the use of a nemato
cide, such as Furadan? 

Sasser: This will vary with the nematode species,crop, soil type, and growing conditions. For most re
gions, it is best to try nenmatocides in a small area, and 
assay the soil about 60 days after treatment to deter
mine the population densities of various species in the 
treated and nontreated plots. Then, based on general 
crop growth and the final yield that results from treat
ment versus no treatment, decide on population levels 
which are cap,',ble of damaging a specific crop. 
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Virus Diseases of Soybeans 

Robert M Goodman and Y L. Nene 

Anong the more than 50 viruses that infect soybeans, 
about 20 have been reported to occur in natural infec-
tions. Virus diseases constitute the most serious disease 
threat to soybean production in many tropical areas. 

In general, all soybean varieties in use today are sus-
ceptible to the important 'iruwes. Most important viruses 
are spread in the field by invertebrate vectors, such as 
aphids, whiteflies, and beetles. Three important soybean 
viruses are seed-transmitted, and so are readily spread 
from season to season, as well as from country to coun-
try. Man),soybean viruses have other plant hosts, either 
weeds or other crop plants, that serve as sources of 
inoculuni for spread to soybeans. The importance of 
these factors is amplified in tropical areas by the usual 
absence of a killing drought or winter season that keeps 
weed reservoirs and vector populations low in temperate 
areas. Also, the prevalence of other legumes, both as 
crops and as weeds, contributes to the importance of 
viruses as factors that will affect the success of soybeans 
in the tropics. 

Freedom from apparent virus disease during the first 
few years of growing a new crop, as soybeans are in 
certain tropical areas, should not be taken as an assur-
ance that virus diseases will be unimportant in the future. 
Newly introduced crops are often free of significant dis-
eases for a few years. Only after a source of inoculum 
builds up or after the potential vectors of a virus begin 
to adjust to the presence of the new crop does disease 
incidence increase (Ford and Goodman, 1976). The 
inc.,-ase may then be explosive, especially when larger 
areas are planted at the same time with a uniformly sus-
ceptible variety, 

Several virus diseases of soybeans have similar symp-
toms, and the symptoms of other virus diseases are easily 
confused with symptoms induced by other causes, such 
as mineral deficiency or chemical residue toxicity. Accu-
rate diagnosis of soybean virus diseases requires host 
range and serological tests by a knowledgeable plant 
pathologist. As with other diseases, accurate diagnosis 

is extremely important, especially because a correct idei
tification of the virus causing a disease will also usually 
lead to the identification of the important vector. 

The purpose of this paper is to review basic informa
tion on the soybean viruses that are of present or poten
tial consequence to soybean production in tropical and 
subtropical areas of the world. The discussion can he 
divided conveniently into two parts. In the first, we deal 
with diseases caused by known viruses, which include 
those transmitted by aphids, nematodes, beetles, and pos
siblv thrips. Aiong these viruses, three important ones 
are also seed-transmitted in soybeans. In the second part, 
we will discuss the viruslike pathogens that cause yellow 
or yellow mosaic diseases in soybeans. These pathogens, 
which are probably viruses but which have not beel fully 
characterized, are transmitted by the whitefly (Bemisia 
tabaci Gen.). Viruslike pathogens transsmitted by B. 
tabaci are known in both Asia and the New World. The 
disease caused by one such pathogen prevalent in the 
humid areas of India is the limiting factor of soybean 
production inthe areas where it occurs. 

SOYBEAN MOSAIC 

Probably the most common virus of soybeans around 
the world is soybean mosaic virus (SMV) . It is trans
nitted nonpersistently by several species of aphid, and 
it is also transmitted through the seed. Moreover, it can 
be readily transmitted mechanically. The symptoms of 
infection by SMV vary widely, depending upon soybean 
varieties, weather, time of inoculation, and the strain or 
isolate of the virus (Ross, 1969). Mild strains of SMV 
in tolerant varieties growing under ideal conditions 
cause little loss of yield, although maturity of the plants 
may be delayed. In warm climates (above 30'C) in
fected plants may even grow normally with few or no 
foliar symptoms. Highly susceptible or moderately sus
ceptible varieties infected with severe strains of SMV 
show a yellow veinclearing symptom in the first system-

Robert M. Goodman: Department of Plant Pathology and INTSOY, University of Illinois, Urbana, Illinois, U.S.A. 
Y.L. None: International Crops Research Institute for the Semiarid Tropics, Hyderabad, India. 
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ically infected leaves. This is followed by a characteristic 
mosaic and rugosity. Severely affected plants may be 

stunted with short internodes and downwardly curled 

leaves, and the pods may contain fewer than the normal 
number of seeds. 

Yield reductions of 50 percent or more have been 
reported from experiments in which all plants in tit 
field were artificially inoculated. Losses of 80 percent 
occurred when plants were doubly infected with SMV 
and bean pod mottle virus (Ross, 1968). In temperate 
areas where soybeans have been grown for many years, 
it is unusual for symptoms to appear on all of the plants 
in in the past. WVhat may have occurred havea field, and little loss in Nield has been attributed toSM V losses 

n tNo 
never been documented. However, in tropical areas 
where aphid vectors are plentiful and seed-borne virusis available as prilmi inoculum, rapid spread of the 
ius cvalanbe r d in sme 

' 
expected.ryt isonceivbe,anvirus call be expected. It is conceivable, and in some 

100 percent infectioncases has already been found, that 

by SNIV call occur. In such cases, significant yield losses 
are expected. Soybean mosaic virus is seed-transmitted 

and is therefore known in every country where soybeans 
are grown (])unleavy, 1973). Most commercial seed lots 

of soybeans containIsome S I-infected seeds; some 

high level of seed transmissionvarieties have a vry 
The host range(I)unleavy et al., 1970; Smith, 1957).

f 
SV is relatively narrow compared with other legum.e 

viruses, but a number of varieties of Phaseolus vulgaris 
L. and Lespedeza sp. are systemically infected and are 
potential 	 sources for !pread of the virus in areas where 

near these other legumes.soybeans are grown 

In addition to possible deleterious effects on plant 

growth and yield, SMV can also cause other problems. 

soybeans of mainy varieties produce aSMV-infected 
high proportion of mottled seeds, i.e., seed with an 

undesirableirregularly pigmented seed coat. This is an 

character in the soybean seed industry and can result 
iiscounateing ohe obensc andutryd aresAl,in discounting on domestic and world markets. Also, 

germinabilitysome investigators have reported reduced 

of seeds from SMV-infected plants compared with seeds 
of te sme arity 	 lans (uinone etromhealhy 

of the1sambu t rom heealthy plants (show
al., 1971 ;but also see Galvez, 1963). 

It is theoretically possible to control SMV by planting 

of resistant varieties and also by con-noninfected seeds 
trolling insect vectors, but in practice, control of insect 

vectors is not effective. No agronomically suitable va

rieties resistant to SMV have been put into wide use, 
and even the cleanest seed lots of soybeans available on 
commercial markets can contain a low percentage of 
virus-infected seed. In addition to searching for virus-
resistant lines to use in breeding programs to produce 
virus-resistant varieties, research at the International 
Soybean Program is directed toward finding lines that 
do not transmit the virus to their seed. If a nontrans-

mission character were found in the soybean germ plasm, 
it could be used to create iiew varieties which, while they 
may be infected with the virus, do not produce seeds that 
are infected. Since the major source of inoculum for 

spread within the field is believed to be infected seed

lings arising from infected seed, the elimination of in

fected seed should provide a successful means of con

trolling SMV infection. 

BUD BLIGHT 
Two viruses can cause bud blight disease of soybeans. 

Tobacco streak virus (TSV) causes a severe bud blight 
disease in Brasil (Costa and Carvalho, 1961) and the 
United States. (Fagbenle and Ford, 1970; Ghanekar and 
Schwenk, 1974). The more common bud blight disease 
in the United States is caused by tobacco ringspot virus 

(TRSV7 ). Both TSV and TRSV have wide host ranges. 
insect vector is known for TSV, and the means of 

of this virus in soybeans is so far unknown. Fieldspreadspread of TRSV usually occurs in a pattern suggest
ing spread of the virus from outside the field by an aerialvetrTRV sknw tobtasmtdbyhrp 

be transmitted by thripsvector. TRSV is known to 

(Messiea, 1969), grasshoppers (Dunleavy, 1957), and 

nematodes of the genus Xiphinenia (Bergeson et al.,1964) although in no case is the transmission of TRSV 

to soybeans very efficient. Transmis3ion by thrips is the 

most likely means of spread in soybeans, but laboratory 

studies show that only the relatively sedentary thrip lar

vae are capable of transmitting the virus (Messieha, 
1969). Therefore, the effective vector of TRSV in soy
bean fields is also unknown. Both TSV and TRSV are 
seed-ransmitted in soybeans (Ghanekar and Schwenk, 
1974; Athow and Bancroft, 1959: Athow and Laviolette, 
1974; One andrBancrftt1959;iAshon LavioSet 
1962). One hundred percent transmission of TRSV to 

soybean seeds was reported in one study in which the 

plants became infected with the virus before flowering 

(Ato andmBancroft, 1959'. 

Symptoms of TSV and TRSV infection in soybeans 

are identical. The growing tip in young, infected plants 
and dies. The plantscurves downward, becomes brown, 


infected plants little orred seed. Leaves of the
are stunted and produceoften show a no flecking symptom.
 
or 

flong prodce poye led pdsrtha often 
flowering produce poorly developed pods that often 

dark, irregular markings. As with soybean mosaic 

Plants that became 	 infected by TRSV during after 

virus, TRSV causes infected soybeans to mature later 

so that at the end of the growingthan healthy plants 
lose the eave vrusinsea n healthy plants 

fected plants remain 	green. 

BEAN YELLOW MOSAIC 

Another legume virus that has been reported as a 
pathogen of soybeans in several countries is bean yellow 
mosaic virus (BYMV). The English terminology in cur
rent use for various yellow mosaic virus diseases of beans 
is confusing. Yellow mosaic diseases that are not caused 
by BYMV, but by a whitefly-transmitted, viruslike patho

gen, have been reported in India, Brasil, and Puerto 
Rico. Bean yellow mosaic virus is a flexuous, rod-shaped 
virus that can be readily purified. It is transmitted in 
the fields by aphids and can also be easily transmitted 



mechanically, but it is not seed-transmitted in soybeans. 
BYMV has been reported to infect soybeans in the 
United States (Zaumeyer and Thomas, 1957) and Japan 
(Koshimizu and lizuka, 1963). The virus is widespread 
in legumes, especially in species of Phaseolus, and will 
undoubtedly appear in soybeans in areas where its other 
hosts are grown. 

Soybeans infected by BYMV have yellow mottledfoliagenor chooticn einbandin.Rednecri mocdaeea 
foliage or chlorotic veinbanding. Red necrotic areas oc-
cur on mature leaves. There are no records on yield 
loss caused by BYMV, and usually infected plants are 
not significantly stunted. However, various strains of 
BYMV are known, and the potential for a more severe 
disease of soybeans caused by BYMV should not be 
ignored. 

BEETLE-TRANSMITTED VIRUSES 

Bean pod mottle virus (BPMV) and cuwpea mosaic 
virus (CPMV) are transmitted to soybeans by leaf 
beetles (Patel and Pitre, 1971 ; Ross, 1963; Walters, 
1964). Soybeans singly infected by BPMV are usually 
not seriously affected, but double infection with BPMV 
and SMV can result in severe losses (Ross, 1968). In 
addition to yield losses, seed size may be reduced in 
plants affected by BPMV. The foliar symptoms of 
BPMV include mild chlorotic mottle, which may be 
more severe at higher temperatures. The virus has a 
narrow host range, but it includes several other useful 
bean crops in the genus Pliaseolus. Isolates of CPMV 
from Trinidad, Puerto Rico, and the United States can 
cause a very serious disease in soybeans (Goodman, 
R. M., and Thongineearkomn, P., unpublished observa-

tions). The symptoms include transient vein chlorosis, 

followed by an intense yellow-green mosaic. Leaves are 

distorted, often assuming a cuplike shape during the 
acute stage of the disease. During the chronic stage of 
the disease the leaves tend to be narrowed, occasion-
ally straplike, and show a pronounced mosaic pattern. 
CPMV-infected soybeans produce few or no flowers. 
Occasionally flower buds and even vegetative buds turnbrow anth ot Terean di,l~antsdo atur.brown and die, and the plants do not mature. There 
are no reports ef CPMV causing diseases of soybeans irno raeanpsomes of CPMV frusing oysofr s 
in Africa, and some isolates of CPMV from Africa do 
not apparently infect soybeans systemically. Some con-
sideration is now being given to the possibility that the 
beetle-transmitted CPMV common in Africa is related 
to, but distinct from, that found in the western hemi-

sphere (Vanammen, 1971). 

SOYBEAN DWARF 

Yet another soybean virus of importance in some areas 
is soybean dwarf virus (SDV). The disease caused by 
this virus was first reported from Japan (Tamada, 1970). 
The known host range of the virus is restricted to le-
gumes. SDV is transmitted by aphids in a persistent 
manner but has not yet been transmitted mechanically 
,1,,,l ;a .n t nrnp Thpr ;c PviclntwP thnr. ntcra 
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SDV may be a phloem-restricted virus. All 45 soybean 
varieties tested by Tamada (1970) were susceptible to 
SDV. The complete range of the virus in Asia is not 
yet known. 

OTHER DISEASES 
Alfalfa mosaic virus, cowpea chlorotic mottle virus. 

peanut mottle virus, southern bean mosaic viius, and 
broad bean mosaic virus are other naturally occurring
soybean viruses that my become important in new sy
bean growing areas but are of no known consequen e 
in soybeans today. Alfalfa mosaic nrus (AMV) for 

I 
example, has been reported naturally infecting soybeans 
in Japan, South Africa, and the United States (1)u,
leavy, 1973), but the symptoms are generally very mild. 

AMV has a wide host range among legumes (Klesser,
1961) and is probably a common virus in tropical areas 

where legumes may hecome an iml)ortant crop. Since 
AMV is transmitted by aphids, there is a real possibility 
that in certain tropical areas a severe strain of AMV 
may become widespread in soybeans. 

SOYBEAN YELLOWS 
Perhaps the greatest threat to soybean production in 

the tropics is the group of viruslike pathogens of legumes 
that are transmitted by whiteflies. Unlike the viruses dis
cussed above, the whiefly-transmitted, viruslike agents 
have not been fully characterized, but they are serious. 
For the rest of this discussion, we shall concentrate on 
work done in India on the infection of soybeans by mung 
bean yellow mosaic virus, which is one of the whitefly
transmitted viruses. 

Soybean cultivation in India and neighboring coun

tries bas confined until recently to the coolernoun

tainous regions. Through the efforts of the United States 
Agency for International Development, University of 
Illinois, and G. B. Pant University of Agriculture, Pant
nagar, India, the possibilities of expanding soybean cul
tivation to other regions of India were explored. As a 

result of these efforts initiated in 1965 at Pantnagar, itbecame evident that high yielding soybean euhliva, 
beaeeietta"ihyedn soba"ulias 
e.g., Bragg, could be successfully grown in several areas 
of India. In the initial years the crop looked almost 
totally disease free. However, in subsequent years dis

ease problems started becoming evident. By 1969 yellow
mosaic was regarded as the most serious problem and 

was considered a threat to the crop. In fact, the efforts 
of extension workers to popularize the crop in north 
India received a serious setback because of the wide
spread incidence of yellow mosaic. 

Nariani (1960) described a yellow mosaic disease of 
mung bean (Phascolus aureus L. Roxb.). In his host 
range studies he reported soybeans to be one of the 
species susceptible to the mung bean yellow mosaic virus 
(MYMV). Subsequently at Pantnagar yellow mosaic 
caused by MYMV was found occurring in soybeans. This 
was renorted bv Nene (1969). and since then has been 
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confirmed by Suteri (1974). Although systematic surveys 
have not been conducted specifically to study the preva-
lence of this disease in different parts of India, it is evident 
through personal communication, observations, and re-
ports made at annual soybean conferences that the dis-
ease is prevalent in all areas of India from north to 
south wherever soybean cultivation has been undertaken. 
The prevalence is high, even to the extent of 100 per-
cent, in areas where, during the growing season, the 
weather is warm and humid. In cool and/or drier re-
gions the prevalence is very low. To be more specific, 
in mountainous regions of northern India where weather 
is cooler, and in parts of central India where humidity is 
low, the prevalence is negligible. When the commercial 
farm at Pantnagar was planted for extensive seed mul-
tiplication in 1970, almost 600 acres out of 2,500 had 
to be plowed in because of the devastation due to yel-
low mosaic, 

Losses caused by yellow mosaic in soybeans depend 
upon the time of infection (Nene, 1971). When the 
plants of the cultivar Bragg became infected withli the 
first month after planting, tile average loss in yield on 
a per plant basis was 80.2 percent. If the plants became 
infected during the second month, the loss varied be-
tween 35.4 to 64.6 percent, whereas there was no sig-
nificant loss if the plants became infected beyond 60 
days after sowing. The trend ,as more or less similar 
in the cultivar Clark 63. No efforts have so far been 
made in India to estimate annual losses in soybeans due 
to the vellow mosaic, 

Under field conditions the infected plants can be 
seen within 20 days of sowing. The initial symptoms 
consist of mild, scattered yellow specks or spots. Subse- 
quently emerging trifoliolate leaves show irregular alter-
nating yellow and green patches. The leaf size is gener-
ally not affected, and affected plants keel) on growing 
with the healthy ones. The affected plants show reduc-
tion in growth only if these are infected within tile first 
three weeks or so. Subsequently emerging leaves show 
more yellow patches, and at a later stage most leaves 
of the plant turn completely yellow. This type of symp-
tom was described by Nene (1972) as "yellow mottle." 
The other type, in which the yellow spots on leaves do 
not enlarge but remain restricted and turn necrotic, was 
described as "necrotic mottle." A good deal of leaf area 
remains green until maturity in the case of the "necrotic 
mottle" reaction of certain varieties. Diseased plants have 
fewer flowers and pods, and pod size is reduced. 

Nariani (1960) reported that the whitefly (B. tabaci) 
is the vector of MYMV and transmits the vrus to other 
hosts including soybeans. This was confirmed by Nene 
(1969) and Suteri (1974). Graft transmission is possible, 
but the virus is not transmitted through seed or mechani-
cally. The spread of the disease under field conditions is 
mainly by the adult whiteflies. 

Nene (1972) has reported detailed studies on the 
MYMV-whitefly relationship. The minimum acquisi-

tion feeding and inoculation feeding times for soybean 
('Bragg') were more than 60 minutes. This is in con
trast to results with mung bean or urd bean (Phaseolus 
mungo L.), for which these periods vary from 10 to 15 
minutes. In soybeans the symptoms usually appear from 
10 to 14 days after inoculation, The whitefly becomes 
viruliferous 4 hours after the end of acquisition feeding. 
Results of studies on urd bean (P. mungo) revealed that 
a single whitefly adult was sufficient to transmit the 
virus successfully to at least 25 percent of the plants on 
which it subsequently fed, whereas 10 whiteflies trans
mitted the -virus to 100 percent of the plants. Male 
adults retained their ability to transmit the virus for 3 
days if they had no access to diseased plants again; 
female adults could transmit the virus for 10 days under 
similar conditions. No evidence of transovarial transmis
sion was obtained. Preadult stages can acquire the virus 
and transmit it. 

The whitefly adults do not seem to cause much dam
age as pests on soybeans. The host range of the whitefly 
is fairly wide, with more than 70 plant species in the 
Pantnagar area serving as hosts (Nene, 1972). Tile 
adults can be seen year-round, but their population is 
very low in cooler months in northern India. 

The whitefly adults, unlike apterous aphids, are con
stantly moving around. No definite field pattern of the 
disease spread is observed. However, the pathogen can 
be spread very rapidly under warm and humid condi
tions, apparently because of the rapid buildup in the 
population of whiteflies. Heavy monsoon showers reduce 
the population of whiteflies drastically; a rain drop cal 
knock an adult dead. In fact, in years when monsoon 
rainfall is frequent, i.e., when the interval between 
showers is less than three days and tihe showers continue 
for a month or so, the incidence of yellow mosaic is 
quite low. It is presumed that the frequent showers con
tinue to kill whitefly adults, thus keeping their popula
tion low, which in turn results in low disease incidence. 

The studies carried out by Nariani (1960) and Nene 
(1972) indicate that the following hosts are susceptible 
to MYMV: Brachiariaranmosa, Cajanus cajan, Cosmos 
bipinnatus,Dolichos biflorus, Eclipta alba, Glycine max, 
P. aconitifolius,P. acutifolius,Phaseolus aurcus,P. lathy
roides, P. mungo, Phaseolus vulgaris 'Manitou,' Xan
thium strumarium. Out of 25 varieties of P. vulgaris 
tried, only 'Manitou' was susceptible. Brachiariaramosa, 
Eclipta alba, and Xanthiurn strumarium are common 
weeds growing around fields. The host range includes 
plants in the Compositae, Graminae and Leguminosae. 

Nene (1972) has described in detail techniques for 
artificial screening of the germ plasm for resistance, using 
viruliferous whiteflies under both glasshouse and field 
conditions. A large collection of soybean germ plasm ob
tained by soybean breeders at Pantnagar through the 
United States Department of Agriculture, as well as 
from other sources, was screened. Whichever lines ap
peared promising in the field weie checked further under 
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glasshouse conditions. As a result of the intensive screen- Athow, K. L., and F. A. Laviolette. 1962. Relation of seed po. 
ing done during 1971 through 1973, the following lines 	 sition and pod location to tobacco ringspot virus seed 

transmission in soybean. Phytopathology 52:714-715.were identified as resistant (no infection) or tolerant Balakrishnan, S. 197.t. Studies on the parasitism of PaecIoinyces 
(necrotic mottle reaction) : farinosis (Dickson ex Fries) Brown and Smith on Beniisia 

Resistant: E-721, E-1-1448, UPSM-534 tabaci Gennadius. Ph.D. dss. C. B. Pant Univ. Agr. Tech. 
Tolerant:PK 71-21 and PK 71-24 Pantnagar. India. 12lp. 

F.Bergeson, G. B.. K. I. Athow. A. I.avit.l(e:te. and S..M. 
It is understood through personal communication with 'l'homasine. 196-1. Transmission. movement, and vector 

Dr. B. B. Singh at Pantnagar that UPSM-534 has been relationships of ti~acco ringspot virus in soybeans. Phyto
extensively used in his program and that a number of pathology 51:723-728.

Costa. A. S.. and A. 'M B. Carvallio. 1961. Studies on Brazilian 
F, and F, progenies look promising. PK 71-21, a tol- tobacco streak. Phytopathol. Z. -12:113-138. 
erant line, has done well in the All India Coordinated Dlunlavy, J. M. 1957. '1v grasshopper as a vector of tobacco 
Soybean Trials. ringspit vinis in soyhcan. Phy topatho logy 1',':681-682. 

Many insecticides and other materials were screened Dtinleavy, J. M. 1973. Viral diseases. Pages 505-526 in B. E. 
find the ones that would kill whitefly adults quickly Caldw'll. ed.. Soybeans: Imrov'ement. produitin, andto fnuses. 	 American Society of Agronomiy. Madison. Wisconsin 

(Nene, 1972). A nonphytotoxic grade of emulsifiable (Agron. Ser. 16). 
mineral oil, when sprayed (2 percent) on leaves, ira- Dunleavy. .1.M.. S. S. tinion'-s. and C. .T.Krass. 1970. Poor 
mobilizes the whitefly adults in 3 to 9 seconds and is seed quality and rug sity of leaves of virus-infected Ilood
most effective in killing whitefly adults quickly. However, 	 soyheans. Phytilpathlogy 60:8113-886.miaagli'ule11. 	 I. 1., and R. F. Ford. 1970. Tobacco streak viris 
the high cost of oil limits its use on a large scale. As isolated front soybeans'. lycine max. I'ytypathology 60:
 
a result of several trials, a spray schedule has been rec- 8-1-820.
 
omimended for seed production plots at Pantriagar with Ford. R. E.. and R. M. Goodman. 1976. Epiduiiiology of soy
excellent results over the last four years. A mixture 	 bean viruscs. Pages 501-512 in L. D. IHill, ed., World Soy

ban Research. Iterstate, Danville. Illinois.
of endosulfan (0.025 percent) and oxydeneton-methyl ;alvez. (;. E. 1963. Ilost range, purilication and electron nicros
(0.05 perccnt) is recommended for sprays. The first copy of sybean ilosaic virus. Phytolsathology 53:388-393. 
spray is given when plants are about 20 days old and (;hanekar, A. M.. and F. W. Sclmenk. 197-1. Seed transmission 
then three more sprays at 10-day intervals are recoin- and distribttion of tobaceo streak virus in six culhivars of 
mended. This not only keeps the incidence of yellow soybeaus. PhytipathaI.gy 6-1:11-1. 

Klesser, P. J. 1961. '[he virus (iseases of Cr',talaria. ;lycine andmosaic to less than one percent (as compared to more Medicago species. Bothalia 7:197-519.
 
than 50 percent in unsprayed plots in the area) , but Koshimizu. Y., and N. lizuka. 1963. Studies ,n soybean virus
 
also controls other serious pests. Both insecticidal sprays diseases in japan. Tohokii Nat. Agr. Exp. Sta. Bull. (Japan)
 
and granular insecticides have been used successfully by 27. 103.
 

NMessieha, M. 1969. Transmission of tIbacco ringspot virus byother workers also (Rataul and Singh, 1973; Singh et al., thrips. Phytopathoogy 59:9.13-945. 
1971). Nariani. T. K. 1960. Yellow mosaic f minting (Phaseois anreus 

Nene (1972, 1973) reported the occurrence of a fun- L.). Indian Phytopathol. 13:21-29. 
gus parasite on B. tabaci. The fungus was identified as Nene, Y. L. 1969. )iseases of sviean and their contol. Indian

Brrsswns aentd s. Fariming 19(6):19-20.
Paecilomnycesfarino.qs (Dick. ex Fr.)Brown and Smith. Nene. Y. L. 1971. Soybean pathological studies. In M. C.
 
Balakrislnan (1974) explored the possibility of using Saxema. ed.. Soybean at Paninagar. C. B. Pant Univ. Agr.
 
the fungus for biological control of the whitefly. He Tech. Res. Bull. P-I. 16 .p.
 
found that all stages, i.e., larval, pupal, and adult, were Netie. Y. L. 1972. A survey of the viral diseases of pulse crops
 

in Uttar Pradesh. G. B. Pant Univ. Agr. Tech. Bull.-t.
susceptible to the fungus. The fungus spores gerninated 	 University Press. Paitnagar. India. 1911p.
only when the humidity was above 80 percent. The opti- Nene. Y. L. 1973. Viral diseases of some warm weather pulse 
mum temperature for the growth and sporulation of P. crops in India. Plant Dis. Rep. 57:.163-.167. 
farinosus and infection of B. tabaci was found to be Patel, V. C.. and I. N. Pitre. 1971. Transmission of lean pod 
25°C, with a functioning range of between 20' and mottle to soybean by the striped blister beetle. Epicauta 

30"C. The ability of fungus-infected whitefly adults to vittata. Plant Dis. Rep. 55:6211-329. 
mosaic S., J. M. Fisher. Per

transmit yellow mosaic virus in P. nungo was signifi- formance of three soybeian varieties inoculated with soy
cantly reduced after they were exposed to the fungus bean mosaic viris and bean pod mottle virus. Crop Sci. I : 
for 2 to 4 hours and kept under high humidity conditions. 662-664. 

fully explore the pos- Rataul, H. S., and L. Singh. 1974. Control of soybean yellow 

transmi yell y vius-ineP.ed whitefly adlts g Quiniones, S. Dunleavy, and J. W. 1971. 

Considerable work is needed to 
mosaic virtis in soybean Glycine max L1.by con trol ing thesibility of using this fungus against B. tabaci. 	 vector whitefly Beinisia tabaci Geni. in Punjab. J. Res. 
(Punjab Agr. Univ.) 11:73-76. 
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Discussion 

Salih M. Damirgi: Have you ever observed double in
fection, such as yellow mosaic virus and soybean mo
saic virus, on the same plant? 

R. 	M. Goodman: I have not seen published reports of 
the mixed infection that you mentioned. But the 
general question you raise is quite important. Un
doubtedly, mixed infections are common in the field. 
Some mixed infections result in synergistic effects on 

the plant; that is, the result of double infection is 
greater than the additive effects of single infections. 
The double infection of bean pod mottle virus and 
soybean mosaic virus is an example. In other cases, 
mixed infections may not affect tile plant so severely, 

but they can compound the difficulty of reliably diag
nosing a virus disease using symptoms alone. 
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Insect Pest Diversity and Succession in Asian Soybeans 

Romeo S Rejesus 

Soybeans are a major part of many Asian diets and are 
a strong candidate to bridge the protein gap in many 
nations throughout the world. Shortage of this con-
modity in 1973 elicited mild political and commercial 
friction among consumer and producer countries (Smith 
et al., 1974). The crop is cultivated in practically all 
Asian countries, and in most there is one or more sig-
nificant insect pest that reduces yields. Although the 
level of insecticide use is still low in this region (Smith 
and Huffaker, 1973; Smith et al. 1974), insecticides are 
so far the only material employed for insect pest con
trol. Often, however, they are used indiscriminately 
without due consideration given to the agro-ecosystem. 
Complete reliance on chemical pesticides in this area is 
inevitable unless the inadequate understanding of the 
crop ecosystem can be overcome and replaced with more 
systematic methods of control. Pressures to increase pro-
duction, as well as the absence of alternative pest control 
measures in the region, force the faner to rely primarily 
on chemical pesticides. Furthernore, the relentless cam-
paign of the pesticide industry, whose representatives are 
often the only extension workers reacbl'rg the farmers, 
overwhelms the effort to achieve a more rational means 
of crop protection. Because of the high cost of pesticides 
and the growing worldwide concern for a clean envi-
ronment, the need for alternative controls is critical. 

Efforts must be redirected from a purely chemical to 
an integrated method of control. Turnipseed (1972), 
Smith and Huffaker (1973), and Napompeth (1975) 
emphasized the necessity fcr immediate implementation 
of component studies of the agro-ecosystem in order to 
evolve an integrated control scheme in soybeans before 
it is too late. It appears that certain Asian countries have 
already passed the stage of solving immediate problems 
of crop protection. Therefore, it is now appropriate to 
shift efforts to the analytical stage, which includes the 
initiation of fundamental studies of tropical agro-eco-
systems. Only by a thorough understanding of tropical 
ecology can we start to formulate a multifaceted ap-
proach to crop protection. This paper attempts to ra-

tionalize the need for analyzing the soybean pest complex 
within the context of an ecological foundation of pest 
problems as a means of evolving a pest management 
scheme. This discussion will be limited to the following: 
(a) determination of the arthropod and insect pest com
ponent of soybeans in the Philippines and some Asian 
countries, (b)the infestation succession and plant growth 
relation, and (c) future work needed. 

PEST DIVERSITY 

The concept of insect diversity in the agro-ecosystem 
was recently reviewed extensively by van Emden and 
Williams (1974). They emphasized the stabilizing role 
of diversity in a complex system, but cautioned against 
a general application of the principles, noting that coxi
trary to the usual generalizations "certain diverse systems 
can be very unstable and some monocultures are quite 
stable." In this paper diversity is treated simply as rich
ness of species (pests, potential pests, parasites, predators, 
and other arthropods). The interpretation of the data 
is purely empirical a' d perhaps should be subjected to 
critical analysis at a later date. 

Insects and Other Arthropods in Philippine Soybeans 
The soybean ecosystem is very rich and complex ('Iur

nipseed, i972; Smith et al., 1974 ). The arthropods mav 
be grouped into four categories: (a) shcltering (imi
grant) species, (b) soybean-feeding species. (c) weed
feeding species, and (d) parasite and predator species, 
including spiders. This is perhaps the first deliberate 
attempt to establish the diversity of insects ind other 
arthropods associated with the soybean ecosystem in the 
Philippines. 

About 208 insects and 141 other arthropod species 
were collected during the wet and dry seasons from pesti
cide-free soybeans. Sweep net samples were taken from 
the various quadrants in the early morning or late after
noon twice a week from the seedling stage to maturity. 
Samples were stored in 70 percent ethanol and sorted 

Romeo S. Rejesus: Department of Entomology, College of Agriculture, University of the Philippines at Los Bagos, College, Laguna, Philippines. 



98 EXPANDING THE USE OF SOYBEANS 

Table 1. 	Number of Species of Insects and Other Arthropods age was primarily the result of the combined action of 
in Soybean Ecosysiem in the Philippines several species, especially the defoliators. The dreaded 

Number of species bean fly, Ophiomyia (Melanagromyza) phaseoli Tryon, 
Nercen- did not damage soybeans, despite the high adult popu-

Order srdesoneWet Percent- sesnDry agc of lation during the seedling stage. Leafhoppers, Lepidopage of 
sea species a species 	 tera defoliators, and pod borers are potentially dangerous 

as key pests. The same species of soybean insects were 
5 .7 a s erv ed in s mesec e s ofgions en th e w e s 

A raneae (spiders) ............ 9 4.3 It 

27 13.0 31 22.0 observed in surveys of selected regions in the PhilippinesColeoptera ................. 


Diptera.................... 51 24.5 25 17.7 (J.Litsinger, personal communication). Obviously many
 
Hemiptera ................. 20 9.6 17 12.1 more species will be found associated with soybeans as
 
Hoynoptera ................. ill 8.7 13 9.2
 
llym'noptera ............... 39 18.8 31 22.0 the sampling technique is improved.
 
lepidh tera ................ 32 15.4 7 5 . 0
 
Odonata ................... 2 1.0 3 2.1 Insect Diversity in Other Asian Countries

O)rthioptera ................ 1 0 4.8 6 4.3
Tta .................
 218 4. 16 4.3Much of the literature on insects in Asianl. 	 14 1"ltd................... 2011 soybeans 

consists primarily of insect pest listings. In Japan, Koba
yashi (1972) reported 218 pc.. species (61 families and 

for identification. Unidentified specimens were number 9 orders) classified according to plant parts attacked 
coded, presunmably as separate species for future iden- (Table 2). Thirty species, principally stink bugs, Lepi
tiicioded rsdoptera, pod borers, and some Diptera, caused severe 
tiflca tion. 

damage.Species 	were grouped by their order and the number 
Napompeth (1975) mentioned 15 major soybean pests 

per season (Table 1). The numerically dominant orders in Thailand (Appendix I). There is little doubt that 
during the wet season were Hymenoptera and Diptera, insect diversity in Thailand approximates every tropical 
constituting 18.8 and 24.5 percent of the species, respec- area of Asia. Napompeth (1975) strongly argues for the 
tively. This is rather interesting, since most of the para- development of a pest management scheme based on a 
sitic species belong to these orders. Lepidoptera consti- better understanding of the ecological components of 
tuted 15.4. percent of the species, followed by Coleoptera, pest occurrence. 
13.0 perccnt; Heniptera, 9.6 percent: Homoptera, 8.7 Evidence from scattered available literature indicates 
percent; Orthoptera, 4.8 percent; and Odonata, 1.0 that soybean insect fauna in India are as diverse as in 
perceint. The precltory Araneae (spiders) comprised 4.3 most other parts of Asia. Twenty-nine species (Appendix 
percent of the arthropods collected. 1) are listed as soypean pests (Maxwell, 1971 ; Srivat-

The number of species collected during the dry season sava et al., 1963; Kashap and Adlakhi, 1963; Shashi 
was relatively smaller, but was dominated by Hymenop- Verma et al., 1972: Srivatsava, 1964 ; Gujarati et al., 
tera and Coleoptera, followed by Diptera, Hemiptera, 1971 and 1973). The number of species associated with 
Ilomoptera, Lepidoptera, Orthoptera, and Odonata. The soybeans will undoubtedly increase, considering the ex
proportion of spider species to the various insect orders tremely varied geographical divisions of the subcontinent 
increased during the dry season. Likewise, the most and the climatic conditions. 
numerically dominant species belong to those orders with Stapley (1972) listed Maruca testulalis and flymenia 
a large number of predatory and parasitic species. Of recurvalis as the most important soybean pests in the 
the total species at le.'st six insect predators, viz., Nabi
dae, Geocoris sp., .'lyswr venitor Bergroth, syrphid fly, 
Mecraspis crocea, and Alenochilus sexmaculatus, and Table 2. Number of Insect Pest Species Classified by Orders 
eight or nine spiders of the families Oxyopidae, Thomi- and Soybean Parts Attacked 

cidae, Salticidae, Thericidae, and Angiopidae were iden- Attacked part 
tified. Coccinellids and oxyopid spiders were present in Order Root, Stem' Leaf, Flower' Podo 
considerable numbers during both the dry and the wet 
seasons, whereas large numbers of nabids were present Collembola ................. 1 2 . 

only in 	the dry season. The community of parasitic spe- Orthoptera ................. 1 7 13 . . 4
 
Dermaptera ................ .. I


cies is complex, especially considering the abundance of' . Thysanoptera ................. '1 8 4
 
specimens from the orders Hymnenoptera and Diptera. Hemiptera ................. 3 49 40 . . 24
 

their specific hosts have not Lepidoptera .................. 9 73 1 7
At present the rasies and Coleoptera ................. 8 8 35 1
 
yet been determined. Hymenoptera ................. 2
 

The phytophagous species comprise the bulk of the Diptera .................... 4 3 8 . .
 

insect fauna, but a number of these migrate from adja- Total ..................... 17 77 182 6 36
 

cent crops to seek shelter in the soybean canopy. Certain Roots, root tubercles, and subterranean parts of stems. 
insect species are abundant only during a specific growth "Most parts of stems and petioles. 

Cotyledons and young and developed leaves. 
stage of the soybean, while others persist throughout the Flowers and flower buds.
 
growth period. In spite of tie number of phytophagous Pods and seeds.
 
species, key pests were not recognized. The relative dan- Source: adapted from Kolmayashi, 1972.
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Solomon Islands. In Micronesia Gressitt (1954) re- major pests at different stages of soybean growth, the 
corded 14 species on soybeans (Appendix 1). In Indo- frequency, timing, and dosage of insecticide application 
nesia a key pest, soybean leaf beetle, Phaedonia inclusa could be synchronized, hence avoiding the calendar 
Stal., has been identified, although the overall pest corn- method. The spray program could then be based on 
munity is as diverse as that recorded elsewhere (M. expected population peaks at any given growth stage. 
Iman, personal communication; Kalshoven et al., 1951). The following discussion will treat only the more iin-
There are 12 known pests found in different parts of the portant pests with a view toward formulating control 
Indonesian archipelago. Three species of bean flies, strategies that involve minimum use of insecticides. Strict 
Ophiomyia phaseoli Tryon, 0. sojae Zn., and 0. doli- adoption of the standard concept of pest management is 
chostigmaDe Meij., are recorded, extremely difficult in most Asian countries for want of 

On the basis of available records it appears that there a better understanding of the agro-ecosystem. Neverthe
is an urgent need to intensify the effort to catalogue and less, there is strong indication for successful pest manage
classify the insects associated with soybeans in Asia. The ment because of the temporal and spatial diversity of 
initiation of any pest management scheme will be greatly the 
protracted in the absence of adequate biological and e pica ec sfteo 
ecological information on the insect fauna. Currently Thirteen pest species found on Philipline soybeans are 
there is a strong consensus armong developing countries considered in the successional anaesis (Fig. nu)m. The 
to employ pest management schemes instead of relying sequence is based on growth stages or tie number of 
completely on chemical pesticides, but the basic founda- weeks after seedling emegence (WASE). We employed 
tion needed is not available. Felir's description of soybean stage development (Fehr 

et al., 1971 ) inestablishing succession, vith the exception 
of tile last stage. Generally, Ipopulation peaks of the vari-PEST SUCCESSION ous pest species occurred in the mid-vegetative or early 

An understanding of the sequential dominance of in- reproductive stiges during both the dry and the wet sea
sect pests in relation to soybean growth stages could pro- soils. D)uring the wet season tile population peak (mainly 
vide the immediate impetus for developing a simple larvae) generally occurred in the early vegetative stage, 
integrated control program based on minimum insecti- whereas during time dry season the peak was delayed until 
cide application. By delineating the succession of the tile early reproductive stage. Minor peaks occurred in 

VEGETATIVE STAGE I REPRODUCTIVE STAGE 
SPECIES I ' 2 ' 3 ' 4 5 ' 6 7 ' 8 ' 9 ' 10 ' II 

V1 V2 V3 V4 RI R2 R3 R4 R5 R6 R7 

Q. phaseo 
Empoasca sW. A A A A 

a craccivora A A A 

A. glycines A A 

H. armigera A ,___ _AA 

C. chalcitis A A A A A 

S. litura ..... ... .- A A 

L. indicata 
H. coffearia A A 

P furcifera 

D. mendosa A.. 

M. testulalis A A 

C.cneius -

Population Peaks 
A - Wet Season Dry Season 

June - September February - May 
1974 1975
 

Fig. 1. The growth stages of soybean plants and successional occurrence of major insect pests. 
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either the vegetative or the reproductive stage, depend-
ing upon the season, i.e., some species were present dur-
ing only one seamon or the other, but not during both 
(Fig. 2, 3). Furthermore, the soybean growth cycle was 
relatively longer during the wet season; consequently, 
the duration of a high insect population density waz 
prolonged. 

Wet season. Ophiomyia phaseoli peaked during the 
early vegetative stage at about 10 days after plant emer-
gence, but persisted at a relatively low density until the 
mid-reproductive stage, although they did not seem to 
cause any damage. Empoasca sp., Aphis craccivora, 
Aphis glycines, and Lamprosema indicata peaked during 
the 2nd or 3rd WASE, with small peaks occurring during 
the 5th and 7th \VASE (R, and R:,), i.e., when flowers 
and small pods began to appear. lteliothis armigera 
(Hubn.), Chrysodiexis chalcitis, and Spodoptera litura 
were abundant in either the early or middle reproductive 
stages. C. chalcitis appeared at the beginning of the 3rd 
WASE; S. litura during the 6th, with a peak during the 
9th.ASE, or mid-reproductive stage. L. indicatapeaked 
at the mid-vegetative stage, while Dasychira mendosa 

1 2 3 

reached a high point during the late reproductive stage, 
or about the 9th WASE. Catochrysop cnejus was abun
dant in the 3rd WASE, and maintained this level until 
the 9th WASE, but was not present during the dry sea
son. Phaneropterafurci/era was most abundant during 
the 9th WASE (R5 ), but began to appear during the 
early reproductive stage. 

Dry season. The peak population of the various pest 
species was generally delayed until the early reproduc
tive stage, but the growth-stage-specific pests, i.e., 0. 
phaseoli and L. indicata, peaked during the early and 
mid-reproductive stages, as in the wet season (Fig. 1). 
H. coffearia and Maruca testulalis peaked during the 
3rd and 6th WASE, but were rather sparse. The aphid 
population and most of the Lepidoptera species, with 
the exception of the growth-stage-specific pests, reached 
the high point in the early reproductive stage. Climatic 
factors, particularly rainfall and temperature, appeared 
to have a pronounced influence on population growth. 

The known predatory species were more abundant 
during the dry season than during the wet season. Popu
lation densities of predators generally followed that of 

4 

bean flies bean flies bean flies bean flies 
leaf hoppers leafhoppers leafhoppers leafhoppers 
aphids aphids aphids aphids 
corn earworm corn earworm corn earworm corn earworm 
corn semiloopers corn semiloopers corn semiloopers corn semiloopers 

tussock moth 
leaf folders leaf folders 

pod borers pod borers 

common katydid common katydid 
coreid bug 
common katydid common katydid 
slant-faced 

grasshoppers 
tortoise beetles tortoise beetles 

loopers loopers loopers 

Fig. 2. Schematic diagram of the sequential pest occurrence and growth stages of soybeans 
during the dry season (24 February to 2 May 1975). Source: adapted from Kogan, 1974. 
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nr 

12 	 3 4 

bean flies leaf folders aphids 	 leaf folders 

leafhoppers aphids leaf folders cutworms
 

aphids cutworms cutworms thrips
 
loopers thrips thrips green stink bugs
 

thrips corn semiloopers corn semiloopers loopers
 

cutworms bean lycaenids leafhoppers leafhoppers
 
corn semiloopers coreid bugs common katydids plataspid bugs
 

lygaeid bugs lygaeid bugs common katydids 

plataspid bugs slant-faced tussock moth larvae 
grasshoppers coreid bugs 

plataspid bugs 

Fig. 3. Schematic diagram of the sequential pest occurrence and growth stages of soybeans 
during the wet season (June to September 1974). Source: adapted from Kogan, 1974. 

the suspected hosts, e.g., the abundance of coccinellid phasized that the basic aspects of pest niatiagelietit Must 
beetles occurred at times when many aphids were present now be investigated before we reach the point of no 

also. Spiders, particularly Oxyopidae, were abundant return with complete reliance on chemical pesticides. 

from the 3rd WASE to the mid-vegetative stage. There The proposed approach is graphically illustrated in 

is evidence that beneficial insects play an important role Fig. 4. The concept, which is by no means new, allows 

in the regulation of host populations. for a strategy that can be adopted by countries with 

These observations show that synchronized insecticidal limited resources. It is important to recognize that nMny 
for the usual calendar countries can ill-afford the luxury of expensive andapplication can be substituted 

method. The technique is simple enough for ordinary 	 lengthy ecological investigations to develop more sophis
ticated pest management schemes.farmers to use. 

This approach emphasizes minimum insecticide treat

ment through careful regulation of timing, frequency,
DEVELOPMENTAL APPROACH 	 arrows in Fig. 6 represent the deand dosage. The bold 

Our crop protection research program is integrated so gree of emphasis placed on the indicated criteria, as well 

as to provide solutions to immediate problems and to as their interrelationship during implementation. In ef

gather basic ecological information for formulating fu- fect, any fundable research program on crop protection 

ture comprehensive pest management schemes. Develop- must have a built-in component that includes both cul

ing countries are quite obviously more concerned with tural and biological controls and ecological studies with

short-term impact research than long-term ecological out excluding the development of rational chemical con

planning. At present crop protection is generally re- trols. Since the collection of information is quite simple, 
it will not require highly trained personnel, thus elimigarded as essential to a given commodity or crop rather 

with nating one of the main obstacles in many developingthan as an area for independent research. Ilence, 

insecticides readily available, very often we create instant countries. The proposal is still tentative and hence is
 

entomologists out ef agronomists. But it should be em- open for additional suggestions.
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Fig. 4. Proposed model of an integrated research program for an expanding interim pest 
management scheme in dev'oloping countries. 

APPENDIX I. PARTIAL LIST OF SOYBEAN INSECT PESTS 
IN ASIAN COUNTRIES 

L .Oberea 
Indoesit al,(Kashocn151)Myllocerus

IRiptortus liers(. HMPEAAyla)Epicauta 
Neiarvis (.) (HEMPTERA :Patoidae) 

StNearyx siuae (e P (ERA:PnDaPoTEA)(vL. lr 
Stoelpehix sde) iel Zllr LPDOTR:Aelanagrornyza 

Chry.sodeixis t.halcites (Esper) (LEPIDOPTERA :Noctuidae) 
Spodoptera litura (F.) (LEPIDOPTERA:Noctuidae)
Fltiella ickenella (Trctschke) (LEPIDOPTERA:Pyralidae) 
!.aoprosema indi,ata (F.) (LEPIDOPTERA: Pyralidac) 
Phaedouja inclusa (Stal.) (COLEOPTERA:Chrysomelidae) 

S. litura (F.) (LEPIDOPTERA:Noctuidae)
Nacoleja sp. (LEPIDOPTERA: Pyralidae) 

Nupserha bicolor Thomson (COLEOPTERA :Ccramhycidae)brevis Sweders (COLEOPTERA:Ccrambyeidae) 

sp. (COLEOPTERA :Czrculionidac)
,nannerheij; Maklin (COLEOPTERA:Meloidae)

Zonabris pustulata (Thunberg) (COLEOPTERA: Meloidae)
Popilliagemnma Newman (COLEOPTERA :Scarahaeidae) 

sp. (DIPTERA :Agromyzidae) 

Hyvlemzya cilicruraRondanii (DI PTERA:Anthomyjidae) 

Solomon Islands (Stapliy, 1972)
 
ltymnenia recurvalis (F.) (LEPIDOPTERA:Pyralidae)
 
Maruca testulalis Geyer (LEPIDOPTERA:Pyralidae)
 

ilolotrichiahellery Brsk. (COLEOPTERA :Scarahaeidae)Mionsa(rst,194
Alelanagromy':a dolichostigma de Meijere (DIPTERA:Mcrnsa( esit194 

.Agromyzidac) 
Al. sojae (Zehntner) (DIPTERA:Agronyzidae) 
Ophiomyjia phaseoli (Tryon) (DI PTERA :Agromyzidae) 

India (Srivatsava, 1964; Srivatsava et al., 1963; Gujar-
ati et al., 1971 and 1973; Kashap and Adlahki, 1963) 

Riptrtu liears 
(.) HEMPTEA:Aydiae)Ch 

R. pedestris (F.) (HIEM IPTERA :Alydidae) 

C/hauliops fallax Scott (HEMI PTERA :Lygaeidae) 

Diacrisia obliqua Walker (LEPIDOPTERA :Arctiidae) 

A narsia ephippias Meyer (LEPI DOPTERA :Gelechiidae)

Stomopteryx sp. (LEPIDOPTERA :Gelechiidae) 

Scapula remotata (Guenee(LEPI DOPTERA :Geometridae)

Spodoptera exgua (Hubner) (LEPIDOPTERA'.Notuidae) 


Aphis laburni (Kalt.) (H-OMOPTERA :Aphididae) 
A. melicogeuis (HOMOPTERA:Aphididae)
 
Empoasca sp. (HOMOPTERA :Cicadellidae)
 
Leptoglossus tnembrauicus (F.) (HEMI PTERA :Coreiclae)
Halticus tibialis (Rutr) (HEMIPTERA:Miridae)
 
Nezara iridula (L.) (HEMIPTERA:Pentatomidae)


SAcrocercops sp. (LEPIDOPTERA:Gracillariida) 
rysodeixis chalcites (Esper) LEPI DOPTERA:Noctuida)

Etiella zinckenella (Treitsehke) (LEPIDOPTERA :Pyralidae) 
Maruca test ulalis Geyer (LEPIDOPTERA: Pyralidae) 
Cry'ptophlebia carpoph aga (Lower) (LEPIDOPTERA: 

Tortricidae) 
Adoretus sinensis Burmeister (COLEOPTERA :Scarahaeidae) 
Pagria sp. (COLEOPTERA :Chrysomelidae)
Ophio ,o'ia phaseoli (Tryon) (DI PTERA :Agroryzidae) 
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Thailand (Napompeth, 1975) Napompeth, B. 1975. Feasibility study and implementation of 
Patangasuccincta(L.) (ORTHOPTERA:Acrididae) soybean pest management program in Thailand. PaperAphis glycinesMats. (HOMOPTERA:Aohididae) presented at Planning Workshop on Cooperative Field 
Empoasca sp. (HOMOPTERA: Cicadellidae) Research in Pest Management. LWFI and UH College of 

Stomopteryx subsecivella (Zeller) (LEPIDOPTERA:Noctuidae) Tropical Agriculture, Honolulu, Hawaii, June 9-13. 1975. 
Heliothis armigeraHuhner (LEPIDOPTERA: Noctuidae) (mimeo) 
Spodoptera litura (F.) (LEPIDOPTERA:Noctuidae) Shashi Verma, S. S. Misra, and R. Lal. 1972. E'valuation of 
Bradina adhaesalisWalker (LEPIDOPTERA:Pyralidae) pesticides for the grey-weevil. Myllacrus undecimpustulatus 
Lamprosernadiemenalis Guenee (LEPIDOPTERA:Pyralidae) maculosus (Derbrocher) (Coleoptera:Curculionidac of 
L. indicata (F.) (LEPIDOPTERA:Pyralidae) s a nJ.erbrcr (C25.
 
Cacoeciamicuceana Walker (LEPIDOPTERA:Tortricidae) soybean. Indian J. Agr. Sci..t2:255-262.
 
Homona sp. nr. mermerodes Oreyer (LEPIDOPTERA: Srivatsava, K. K. 1964. Pests of pulse crops. Pages 813-91 in
 

Tortricidae) Entomology in India. Entomol. Soc. of India. 
Epicautamakiini Haag (COLEOPTERA:Meloidae) Srivatsava. 0. S., D. S. Malik, and R. C. Thakur. 1971. Esti-
Ophiornyia phaseoli (Tryon) (DIPTERA:Agromyzidae) ination (f losses in yield due to the attack of arthropod 

pe!sts in soybean. Indian J. Entomol. 33:224-225. 
Smith, R. F., C. B. Huffaker, P. L. Adkisson, and L. P. New-

LITERATURE CITED som. 1974. Progress achieved in the implementation of 

Emden, H. F. van, and G. F. Williams. 1974. Insect stability integrated control projects in the USA and tropical coun
and diversity in agro-ecosystem. Ann. Rev. Entomol. 19: tries. OEPP/EPP() Bull. 4(3):221-239. 
455-475. Smith. R. F., and C. B. Huflaker. 1973. Integrated control 

Fehr, W. R., C. E. Caviness, D. T. Burmwood, and J. W. Pen- strategy in the United States and its practical implementa
nington. 1971. Stage development descriptions for soybeans. tion. OEPP/EPPO Bull. 3(3):31-49. 
Glycine max (L) Merrill. Crop Sci. 11:929-930. Stapley, J. H. 1972. Principal pests of crops in the Solomon 

Gujarati, J. P., K. N. Kapoor, and G. A. Gangrade. 1971. Islands. Past Articles and News Summaries 18(2):192-196. 
Incidence and control (f seed-corn maggot, Hylemia cili- Turnipseed. S. 0. 1972. Management of insvct pests of soy
cruca (Roud) on soybean. Indian J. Entomol. 33:366-368. beans. Proc. Tall Timbers Conf. Ecol. Animal Control by 

Gujarati, J. P., K. N. Kapoor, and G. A. Gangrade. 1973. Bi- Habitat Management 4:189-203. 
ology of Scopula remotata (Guen) (Lepidoptera:Geo
metridae) on soybean. JNKVV Res. J. 7 (3):162-165. 

Kalshoven, L. G. E., H. J. U. Sody, and A. C. V. van Bemmel. Discussion 
1951. De Plagen van de Cultuur Gewassen in Indonesie M. Z. Hoque: Do you have information on how insect 
(Pests of Indonesian Crops). N.V. Uitge Very w. Van 
Hoeve. S-Graven Hague, Netherlands. 1,063p. diversity in soybeans is influenced by the absence or 

Kashyap, N. P., and R. L. Aalakha. 1971. New records of presence of other crops surrounding the soybean field? 
insect pests of soybean crop. Indian J. Entomol. 33:467-468. Can you tell us how the insect diversity data cats help 

Kobayashi, T. 1972. Insect pests of soybean and their control, you in your pest management program for soybeans? 
Japanese Agr. Res. Quart. 6(4):212-218. R. S. Rejesus: We do not have enough data on this as-

Kogan, M. 1974. Insect pests on soybeans. Pages 124-133 in 
Proc. of Workshop on Soybeans for Tropical and Sub- pect, but as mentioned earlier, the species are host 
tropical Conditions. Feb. 1974. Univ. Puerto Rico, Maya- specific. Regarding the use of data in developing the 
guez (INTSOY Ser. 2). pest management program for soybeans, the data can 

Linsley Gressitt, J. 1954. Insects of Micronesia. Bernice P. be useful when the total pest management program is 
Bishop Museum. 1:1-71. 

Maxwell, L. M. 1971. Indian Insect Life. Agr. Res. Inst., considered. Component analysis of the total program 
Bombay. may be needed to employ the diversity data. 
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Control of Soybean Insect Pests in Thailand 

Pidt Sepswasdi 

Because of their potential economic importance, soy-
beans were included in the five-year plan (1972-1976) 
of Thailand's national economic development program. 
The goal of the program is to produce approximately 
300,000 tons of soybeans in 1976. Production has gradu-
ally risen from 72,000 tons in 1972 to 252,400 tons in 
1974. This increase was due in large part to a greater 
mnumber of acres being planted to soybeans. The yield, 
about 150 kg per rai (937 kg per hectare), however, 
remains poor. 

Many factors limit soybean yield, but insect pests are 
one of the most important factors causing significant 
reductions. Of the more than 30 species of insects found 
in soybean fields, only 10 are considered to be of serious 
economic consequences in soybean production. These 
pests include the bean fly (Melanagromyza phaseoli
Trvon). leaf miner (Stomopterx subsecivella Zeller), 
leaf roller (Lamprosema spp. and Cacoecia micaceana 
Wkr.). aphid (Aphis glcines Mats.), leafhopper (Eia-
poasca sppl.), cutworm (Agrotis ypsilon Rott.), cut-
worm (Spodoptera litura Fabr.), pod borer (Heliothis 
armigera I-ubn.), and termite (Odentotermes spp.). 

These insects are indigenous to soybean plantations 
and recur from season to season, although population 
densities vary from place to place. Since several of these 
pests appear at the same time, methods suitable for con-
trolling them in particular environments have been 
studied carefully, including planting dates in relation 
to yield and the number of insect pests during a given 
period. Studies were conducted for two successive years 
at the Mae-Jo Experiment Station, Chiang Mai Prov-
ince, and the Galasin Experinent Station, Galasin Prov-
ince. 

Imnmediately after the rice harvest, on or about De-
cember 15 in the dry season and June 1 in the rain), 
season, five plantings of soybeans were made at 15-day 
intervals during the two years of the experiment. The 
soybeans planted early in these periods, i.e., from De-
cember 15 to mid-january and throughout June, had 
significantly higher yields than those planted later. Sev-

eral insect pests occurred in substantially larger numbers 
the later the planting date. Therefore, soybean farmers 
in the areas surrounding these two experiment stations 
have been advised to plant from December 15 to mid-
January during the dry season and throughout the month 
of June during the rainy season. 

In response to the urgent need of farmers to control 
the pests mentioned above, screening for effective insecti
cides was carried out during the two years of the experi
ment. The nature of the damage, the particular pests 
involved, and their control will be discussed in detail 
in this paper. 

BEAN FLY (MELANAGROMYZA PHASEOLI TRYON) 

The bean fly, which occurs year-round, is a serious 
pest that infests soybeans, mung beans, and stringbeans. 
When climatic conditions are favorable, the fly causes 
severe damage resulting in 90 percent seedling loss. 

Nature of damage. The damage caused is of three 
types. First, in the seedling stage the tiny maggot bores 
into the stem at ground level and feeds on the stem 
tissue. As a result, the tissue becomes rotten, the seedling 
withers, and finally dies. Second, in the later seedling 
stage and the branching stage the magfot tunnels into 
the central part of the stem and feeds upward into the 
branches. An infested plant is easily recognized because 
the internode above the infested portion gradually 
withers and the shoot becomes stunted, thus causing 
more than a 50 percent reduction in yield. Third, in the 
leaf stage the adult fly can cause damage by puncturing 
the leaf with its ovipositor and feeding on the oozing 
cell sap. Dark brown spots appear on the leaves if dam
age is heavy. 

Life history. The female lays from 200 to 300 eggs 
one at a time on the leaves. The egg stage lasts 2 to 3 
days, while the larval period varies from 10 to 18 days. 
Pupation, which takes place in the soil surrounding the 
infested plant or within the stem at ground level, varies 
from 3 to 5 days. The adult lives for 7 to 10 days. 

Plsit Sepswasd: Division of Entomology and Zoology, Department of Agriculture, Iangkhen, Bangkok, Thailand. 



Control measures. Carbofuran 3 G and Phorate 10 G, 

each applied at the rate of 1 pound active ingredient 

per acre in the furrow at the time of planting, provide 

adequate protection for about 40 days. Four sprayings 

with 0.03 percent dimethoate and 0.05 percent Metasys-
tox R at weekly intervals, starting 5 days after germina-
tion, have also proved very effective in controlling the 

beanfly. 

LEAF MINER (STOMOPTERYX SUBSECIVELLA ZELLER) 

The leaf miner, a serious pest of both soybeans and 

year-round wherevergroundnuts in Thailand, is found 

these crops are grown. The tiny caterpillar attacks soy-

beans any time from the seedling stage on. If the out-

during the seedling stage, it is usually very 
break occurs 

and can reduce the number of plant stands bysevere 
80 percent.

80aperet,odto 

Nature of damage. The newly hatched caterpillar im-

mediately mines into the leaf, where it feeds on the leaf 

tissue until the caterpillar is full-grown. The wound at 

the point where the caterillar entered becomes dark 

brown, and hence is easily observed. As the caterpillar 

continues to feed, the remaining epidermis dries up and 

turns a whitish color. When the damage is severe, the 

leaves curl, shrivel, and often fall off, resulting in a sig-
nificant yield reduction. 

Life history. The eggs, which arc an off-white, are 

laid singly, usually on the under surface of the leaf. The 
2 to 4 days withduration of the egg stage varies from 

of about 3 days. Tile caterpillar passesan average 
through three successive molts and becomes full-grown 

within 15 to 18 days. Pupation takes place in a whitish 

the leaf. The pupal stage variescocoon inside curled 
an average of 4.4 days. The adult

from 2 to 7 days with 


lives for 3 to 12 days, or an average of about 6 days, 


and can lay from 3 to 100 eggs. 
Control measures. Granular insecticides, viz., Garbo-

furan 3 G, Phorate 10 G, and Disulfoton 0 G, havei 
proved very effective in controlling leaf miner when 
applied in the furrov during planting at the rate of 
apuned actve ingreodrin pera Late ape aIg rapound active ingredient per acre. Later spray applica

tions of 0.02 percent Azodrin and 0.03 percent dimetho-

ate were also very effective, 

SPP. ANDLEAF ROLLERS (LAMPROSEMA 

CACOECIA MiCACEANA WKR.) 

This pest has many host plants and is indigenous to 

soybean plantations throughout Thailand. The damage 

it causes from the seedling to the flowering stage is very 

serious because the infested plant becomes stunted, thus 

reducing the soybean yield. 

Nature of damage. The caterpillar gathers several 

leaves together, rolls them, then lives inside one of the 

rolled leaves. When it has eaten all but the midrib of 
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one leaf, it enters another rolled leaf and continues to 

feed. 
Life history of Lamprosema spp. The pale green 

eggs, which are laid in batches of 10 to 20 eggs, take 3 

to 5 days to hatch. The caterpillar then passes through 
four instars and becomes full-grown within 15 to 23 

days. Pupation, which takes place inside the rolled up 
leaves, lasts 8 to 12 days. Laying an average of 260 eggs, 

the female lives from 7 to 28 days, or an average of 

16 days. 
Life history of C. micaceana. The eggs, which arelaid in hatches, change fr'om pale white at thle beginning 

ofte 6toi8of the sage o w ae e 

to yellow toward tie end of the 6 to 8of the egg stage 
day period. The caterpillar passes through five or six 

nstars and becomes full-grown in 22 to 28 days. The 

pupal stage takes place inside the rolled up leaves and 

varies in duration from 6 to 10 days. The adult mates 2 
3 days after emergence and lives 5 to 11 days. One 

female can lay as many as ,100 eggs. 

Control measures. Because the caterpillar remains in

side tile rolled leaf, removal and destruction of the 

leaves is a practical means of control. If the damage is 

severe, however, two to three sprayings with 0.2 percent 

'PN, 0.1 percent Gusathion A, 0.1 percent Azodrin, 

0.1 percent Folidol E 605, or 0.1 percent Tarmaron at 

weeklv intervals are recommended. 

APHIDS (APHIS GLYCINES MATS.) 

This group of relatively small, winged and unwinged 

insects infests several crops throughout Thailand in dif

of their sucking activity, theferent seasons. By means 
vectors of many diseases,insects in this group act as 

as soybean mosaicespecially the disease commonly known 
virus. 

Nature of damage. Both nymphs and adults suck the 

cell sap from the tender parts of the plant, such as the 
young leaves and shoots. In order to suck, they thrust 
their stylet into the plant tissue and remain in this posi
tion for long periods of time. The infested plant can be 
recognized by the rolling, discoloration, and etiolation 
of the leaves, and by the stunted growth of the plant. 

can re-Life history. Both alate and apterous aphids 

produce parthenogenetically and viviparously. A single 

apterous female gives birth to between 10 and 20 young 

daily. 

Control measures. Effective control of the pest can 

be achieved by spraying with systemic insecticides, such 
as dilnethoate (0.03 percent), Tamaron (0.05 percent), 

or Metasystox R (0.05 percent). In order to eradicate 
aphids, however, two to three applications at weekly 

intervals are required. Other soil systemic insecticides, 
such as Carbofuran 3 G and Phorate 10 G applied in 

the furrow during planting at the rate of 1 pound active 

ingredient per acre, provide adequate protection for 

about 40 days. 
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LEAFHOPPERS (EMPOASCA SPP.) 

Like aphids, leafhoppers are found on several crops 

and are a serious pest because they reduce the vitality 
and yield by sucking cell sap. 

Nature of damage. Both nymphs and adults suck cell 
sap primarily on ti,"under surface of the leaf. Yellow-
ing of the leaf margins is an initial indication of damage, 
but if the damage is severe, the leaf curls and dries up, 
and finally the plant dies. 

Control measures. Spraying with 0.2 percent Sevin, 
0.03 per-ceit dimnetboate, 0.7 percent Dursban, or 0.05 
percent Lannate effectively controlled leafhoppers for 

uiout10 days. Additional treatment is recommended if 
reinfestation occurs. 

CUTWORM (AGROTIS YPSILON ROTT.) 

In 197-t this cutworm, which usually infests tobacco, 
vegetables, and corn, was found on soybeans in Chiang 

ai I'ro\'ie in the northierini part of Thailand. 
Nature of damage. The caterpillar is active during 

the night, while during the day it hides in crevices of 
the soil or under heaps of plant debris. After cutting the 
young plant at ground level, the caterpillar feeds on the 
leaves and shoots. Sometines it carries the plant into 
the soil crevice, where it continues to feed. 

Life history. Detailcd laboratory studies have not 
been made. However, field observations of the cut-
worni's life history indicate that pupation takes place 
in the soil iii an earthen cocoon. The pl)upal stage lasts 
from 10 to 16 days. 

Control measures. These pt'sts can be successfully 
controlled by irrigation, which brings them to the sur-
face, where thie\, can easily be collected and destroyed. 
As an added measure of control, spraying with any one 
of several insecticides is recr'miended. These insecti-
cides include a Toxaphine-1l)DT mixture (40:20) at 
100 cc per 20 liters of water, 0.1 percent Gusathion, 0.1 
percent Dursban, or 0.05 percent Lannate. 

CUTWORM (SPODOPTERA LITURA FABR.I 
This cutworm is a serious pest that attacks soybeans, 

vegetables of various kinds, castor beans, and sunflowers,
Its activity causes damage in soybeans from the seedling
stage oil through iaturity, 

Nature of damage. The damage is ,-asy to observe 
because the newly hatched caterpillars live together and 
feed on the under surface of the leaves. They remain only 
on the upper epidermis, which later dries up and turns 
white. l)uring the second instar, when the caterpillars are 
bigger, they spread and feed on the leaves of adjacent 
plants. 

Life history. A single female lays between 200 and 
300 eggs in batches on the under surface of the leaves. 
The egg stage lasts 3 to 7 days. The caterpillar becomes 
full-grown inl about 14 to 21 days. It molts four times 

and pupates for 7 to 12 days in the soil or in refuse.
The adult lives approximately 7 to 10 days. 

Control measures. As soon as the damage caused by 
the newly hatched caterpillars is observed, the infested 
leaves should be removed and destroyed. Chemical con
trol can be achieved by the application 0.05 percent 

Lannate, 0.1 percent Gusathion A, 0.1 percent Dursban, 
or 0.1 percent Folidol E 60J. 

POD BORER IHELIOTHI$ ARMIGERA HUBN.I 

From the economic point of view the pod borer is 
considered the most serious pest, attacking soybeans, 
corn, cotton, tomatoes, tobacco, sorghum, and sunflowers. 
It is widespread and is found year-round. During the 
1973 dry season in Chiang Mai Province, an outbreak of 
the pod borer completely destroyed nearly 10,000 acres 
of soybeans. Subsequently it was found that soybeans
planted from December 15 to January 15 were not in
fested, but crops planted after January 15 were totally 
destroyed. The reason is that after the rice harvest 
farmers usually grow not only soybeans, but also many 
other crops, such as tobacco, groundnuts, and cotton, 
which serve as hosts. When the tobacco is harvested, 
the pest moves to adjacent soybean fields, where it at
tacks the soybeans, which by that time are bearing 
flowers and forming young pods, thus providing good 
food for the pest. It is therefore recommended that 
soybean and tobacco fields adjacent to one another be 
inspected regularly. In this way if the pest is found on 
the tobacco, control measures can be taken to protect 
the soybeans. 

Nature of daimage. After the pod bears seed, the 
larva bores into the pod and feeds on the seed. If the 
seed has not yet formed, the larva feeds on the young 
pod, primarily at the base of the pod, which is eaten 
away and often completely falls off. The pest then feeds 
on the flowers and finally the leaves. 

Life history. On the average, one female can lay as 
many as 1,100 eggs. The shiny, greenish-yellow eggs 
are laid singly on the Icaves and shoots, and hatch in 
2 to 3 days. The newly hatched larva feeds on the young 
leaf until the third instar. Then it begins to feed on 
the pod, taking 15 to 18 days to become full-grown.
Pupation, which takes place in the soil, lasts 8 to 12
days. The adult lives 8 to 10 days. 

Control measures. The pest can be effectively con
trolled by three or four applications of Toxaphene-DDT 
(40:20) at 100 cc per 20 liters of water, 0.05 Lannate, 
or 0.1 percent Azodrin at weekly intervals. Treatment 
should begin as soon as the pest is observed, usually 
during the flowering stage. 

TERMITE (ODONTOTERMES SPP.) 
To date, the termite has attacked soybeans grown only 

in Chainat Province in the central part of Thailand, 
where soybeans are raised on Rendzinas and Brown 



Forest soil. Damage is caused from the seedling to the 
harvesting stages and can result in the loss of over 5 
percent of the plant. 

Nature of damage. The termite is subterranean and 
feeds continuously upward from the tap root into the 
stem. The infested plant withers, although even after 
the plant finally dies, the termite remains inside the 
stem. As many as 10 to 15 termites have been counted 
in an uprooted plant. 

Control measures. Aldrin (40 percent wettable pow-
der) applied at the rate of 2 pounds active ingredient 
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per acre in the furrow during planting provides adequate 
protection for the season. 

Discussion 
Dandi Soekarna: With regard to different parts of 

plants that are attacked by the bean fly, in Indonesia 
there are three species of bean fly attacking different 
parts of the plant. M. phaseoli attacks early stages of 
the plant, M. sojae attacks the shoots of more mature 

plants, and yet another species attacks the branches 
of the plant. 
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Entomophagous Insects 

in a Soybean Pest Control Strategy 

Michael E Iwin anl Peter W Price 

Little has been recorded about the entomophagous in-
sects (predators and parasitoids) of soybean pests in Asia 
and Oceania. A large portion of the literature that does 
exist on this topic deals with egg parasitoids and preda-
tors of the cosmopolitan and polyphagous pentatomid 
pest, Nezara 'iridula (L.). The following researcher, 
among others, have written on the topic: Cumber (1951,
1953, 196-1), Ganesaliigamn (1966), Hokyo and Kiritani 

19 6 6 (1963, a. 1966b), Kiritani (1964), Nakasuji et al. 
(1966), Nishilda (1966), Singh (1973), Singh et al. 
(1973), and Valentine (196.1). A smaller portion deals 
with natural elnies of Ih'liothis armigera (1lubn.). 
Gangrade (1963 and 1964) , Manjunath (1972), Man-
junath et al. (1970), Mathur (1967), and Mathur and 
Dharnmadhikari (1970), amon, others, have contributed 
information. In general, however, information on insect 
species found in soybean fields throughout the world is
inadequate, 

Although knowledge is increasing rapidly, there is still 
much to learn. The International Reference Collection 
of Soybean Arthropods (IRCSA) at the Illinois Natural 
Slfistory Strvey, which contains approximately 1.700 spe-
cies of insects collected friom soybean fields in the Amer-
icas, primarily from the United States, Brasil, Colombia, 
and Mexico, demonstrates dis need in two ways. First, 
fewer than half these species have definitely been asso-
ciated with soybeans, either as herbivores (including pol-
linators), saprophytes, predators, or parasitoids. The 
remainder, approximmately 900 species, can be divided 
into three categories: incidental species that fly through
soybean fields, species associated with weeds within soy-
bean fields, and species associated with soybeans but for 
which evidence of association is lacking. The lack of 
biological information about the majority of species in 
the soybean ecosystem makes assessment of natural con-
trol difficult, 

Second, of those IRCSA species known to be associ-
ated with soybeans, 33 percent (including pollinators) 

are herbivores, 46 percent predators, 17 percent para
sitoids, and 4 percent saprophytes (Fig. 1). Comparisons 
between these statistics and those for species collected 
from soybean fields in areas where intensive field collect
ing has occurred show considerable variation among the 
number of species occupying various ecological roles. 
For example, of 622 species collected from soybean fields 
in Illinois, 55 percent (including pollinators) are herbi
'ores, 18 percent prelators, 18 percent parasitoids, and 

9 percent saprophytes (Fig. 2). The 333 species col
lected from soybean fields in Colombia gave a similar 
picture: 50 percent herbivores, 32 percent predators, 11 
percent parasitoids, 7 percent saprophytes. 

Two things seem apparent: sampling methods have 
skewed collections in favor of larger, less active species 
(mainly herbivores) : and parasitoils were poorly repre
sented in most of these collections, while predators seem
well represented in all the collections. An overall ratio 
of about 8:3:1 of herbivores, predators, and parasitoids, 
respectively, was obtained from the IRCSA collections. 
The ratio of herbivores to predators is not only consistent 
between sampled areas, but also seems reasonable in 
terms of ecological relationships. The ratio of herbivores 
to parasitoids, on the other hand, varies considerably 
between sampled areas and does not seem reasonable in 
terms of ecological relationships. Most herbivores when 
studied in detail have several parasitoids (egg, larval, 
adult), some of which are host specific. Thus, one would 
expect the ratio of herbivores to parasitoids to favor 
parasitoids, not herbivores. 

Therefore, we feel more research must be done before 
the potential of entomophagous insects can be realisti
cally evaluated for control strategies. This is especially 
true in Asia and Oceania, as well as in Africa and Latin 
America, where biologies of fewer species are known. In 
addition, an ecological understanding of soybean fields 
must be gained before the role of entomophagous insects 
can be placed in proper perspective. 

Michael E. Irwin: Department of Agricultural Entomology, University of Illinois, Urbana, Illinois,U.S.A. 
Peter W. Price: Department of Entomology, University of Illinois, Urbana, Illinois, U.S.A. 



ECOLOGY OF SOYBEAN FIELDS 
In terms of space and time, the physical setting greatly 
infees oe spac o 

influences t soybean crop, partly because it directlypest 
affects the pests and their associated, natural enemies. 
One component of tile physical setting is climate, i.e., 

the prevailing meteorological events that change with 

the season in a predictable and progressive nianner. 

Growing seasons, for example, generally lengthen as one 
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Fig. '. Species of insects collected in soybean fields from 
various parts of the Americas and contained in the Interna-
tional Reference Collection of Soybean Arthropods (IRCSA), 
Illinois Natural listory Survey. Percentages of species with 

diffcrent ecological roles. 
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Fig. 2. Species of insects collected in soybean fields from 
various parts of Illinois and contained in the International 
Reference Collection of Soybean Arthropods (IRCSA), II-
linois Natural History Survey. Percentage of total species 
with different ecological roles. 
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approaches the equator. Even at a single location, how
ever, weather conditions vary predictably, and crop pro
duction systems usually take advantage of this. The effect 

and natural en 

populations operates independently of population levels. 

a growing season the crop changes coin-Throughout 
its ground cover, volume, and maposition in terms of 

turity characteristics. As the crop develops, tile soybean 
field changes from open and sunny to covered and shady, 
hot and dry to warin and humid. In effect, the micro

environment becomes milder and more complex in struc

ture with time. Crop growth is therefore a dynamic 

component of the ecosystem; it is also a successional com
ponent, and it helps to think in these terms when in
vestigating aspects of pest control. The successional 
component, including climate, crop growth, and other 

factors, is of prime importance because it is a measure 
of available habitat space for organisms. Price (1976), 

hSPCIES)recently measured habitat space a soybean fieldo in 

in Illinois (Fig. 3), found that this space increased 
rapidly during the middle of the growing season and 
only began to decrease with senescence. 

COLONIZATION BY ARTHROPODS 

Most colonization of soybean fields takes place after 

seed germination. As soon as cotqledons appear in the 
field, certain herbivores colonize. In the United States 
most of these earl), colonists (leafhoppers, thrips, aphids) 
are p of the aerial plankton and drift in frum great 
distances on wind currents (luff. 1963). This might 

also occur in the temperate soybean growing zones of 

other countries where these arthropods are unable to 
overwinter successfully. 

Density of ground cover does not seem to be an im

portant factor in successful early colonization by simall 

herbivores, probably because several generations can de

velop on a single young plant. As an early colonist lo
cates a suitable host plant, it simply settles down and 

begins feeding. 
Increased ground cover coincides with a volumtric 
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Fig. 3. Habitat space in an Illinois soybean field (Price, 
1976). MN!easure takes into consideration number of leaves, 
length of average-sized leaf, and height of plant. Broken line 
indicates a trend rather than data taken froni direct measure

ment. 
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increase in the amount of habitat space. With the ex-
comes an increase in diversitypansion of habitat space 

of herbivo'ous colonists. This is partly caused by the 

increased habitat space, but is also the result of succes-

sional maturity levels of the crop. As flowers develop, 
pollinators are attracted to the fields; as pods develop, 

eaters colonize.pod borers, stink bugs, and other seed 
The number of herbivorous species colonizing a soybean 

field in Illinois increases with time until the crop be-

comes senescent (Fig. 4). 
species are unable to colonizeEntomophagous an 

annual crop as early or rapidly as herbivores because they 

depend directly upon herbivores, saprophytes, or other 
carnivores as a food source. These sources of food must 
be present in the habitat before an entomophagous spe-
cies can colonize successfully. 

The intrinsic, host-searching patterns of entomopha-

gous species also discourage early colonization. Predators 

must continuously search for subsistence, while para-
sitoids must seek hosts on which to deposit their eggs. 
Most entomophagous insects prefer microclimates that 
are warm and humid. The terrain surrounding newly 
emerged soybeans in a field is relatively harsh, i.e., usu-
ally hot and dry, or occasionally cold and damp. When 

ground cover is neager and habitat space small, search

ing must extend over large distances of rather hostile 

terrain. As the season progresses and habitat space in-

creases, a warmer and more humid microclimate pre-

vails, andi the number and diversity of entomophagous 

species in soybean fields begin to increase rapidly 

(Fig. 5). 
Lack of nourishment sources near or within a field 

also discourages colonization by entomophagous species. 

Many species of parasitoids and predators require nectar 

or some other form of nourishment to remain active and, 

in many cases, to oviposit. Furthermore, population 

buildups of these entomophagous species are greatly 

influenced by the availability and abundance of nour-

ishment sources that provide nectar, honeydew, and so 

forth. For instance, the parasitizing efficiency and dis-

tribution of a tachinid parasitoid (Lixophaga spheno-

phori (Villeneuva) ) of the New Guinea sugarcane 

weevil were greatly reduced when the edge weeds (Eu-

phorbia spp.) that were its nectar sources near sugar 

cane fields in Hawaii were eliminated. Elimination of 

these weeds led to a buildup of weevil populations (Top-

ham and Beardsley, 1975). 
Clearly, the establishment and growth of herbivore 

populations is favored over those of entomophagous spe-

cies in the early part of the growing season. As the crop 
reaches full height and the canopy closes, however, food 

webs and energy flows in soybean fields undoubtedly be-

come much more complex and at this point entomoph-
agous activity is great. 

Another aspect of colonization that influences species 

composition is proximity of potential colonists to areas 

of colonization. Some herbivores, as mentioned earlier, 

drift in on jet winds and currents from as far as hun-
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Fig. 4. Percent of total herbivorous insects found within a 

soybean field in Illinois throughout the growing season. 

Broken line indicates a trend rather than data taken from 
direct measurement. 

, 100- \ 
SPECIES8o ENTOMOPRAGOUS 

60
 
401 1001 SPECIES
 

20:
 

0. 
25 31 5 1014 21 29 5 12 20 27 2 9 31 14 
MAY JUNE JULY AUGUSTSEPTEMBER 

Fig. 5. Percent of total entomophagous insects found within 
a soybean field in Illinois throughout the growing season. 
Broken line indicates a trend rather than data taken from 
direct measurement. 

dreds of miles away (Huff, 1963). In soybean fields in 

North America this is true for some earl), colonists, e.g., 
the potato leafhopper (Empoasca fabae (1-larris)) and 

soybean thrips (Sericothrips variabilis (Beach) ), that 
aredrift northward from warner climates where they 

able to overwinter. We feel this phenomenon may occur 

in other temperate soybean growing areas, but we do 

not know if this is important in the colonization of soy

bean fields in tropical and subtropical areas where dry 

seasons might act as barriers to year-round survival of 

some potential colonists. We feel it is probably unim

portant in many tropical and subtropical areas where 

colonists are able to survive from year to year. 

Many herbivores and most entomophagous species col

onize soybean fields from surrounding areas, such as 

weedy patches, natural areas, and other crops. When 

these colonists enter a soybean field, they often take up 

residence initially along the margins of a field. Our data 

suggest that many species in a soybean field migrate 

into field margins and back out, and some of these spe

cies do not take up permanent residence deep within the 

field (Price, 1976). This results in a higher number of 

species existing in the margins of soybean fields and is 

often termed an edge effect. The edge effect, then, is a 

result of an ecotone, a zone where two environments 
meet. 

The margins of soybean fields closely interface with 

vegetational zones proximal to the fields. Many insect 
species can subsist in these proximal zones prior to the 

emergence of soybean seedlings and from there spread 

into soybean fields early in the growing season. The 
proximal zones can harbor pests and entomophagous 
species alike. They can provide alternate host plants for 
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insect pests, viruses, and virus vectors. They can also First, the parasitoid was able to control the pest in most 
provide shelter and alternate food sources for predators, areas and it was able to do so on a permanent basis;
parasitoids, and insect pathogens during the early grow- second, in some cases the requirements of the parasitoid
ing season when the field environment is especially harsh, did not exactly match those of the pest and as a conse-
Careful analysis of individual situations is needed to quence the pest remained unchecked in a few areas. 
determine whether the potential advantages derived from Inundative releases of an effective parasitoid during
proximal zones that harbor beneficial species outweigh key times of the season have successfully lowered popu
potential disadvantages from pest species harbored there. lation levels of a target pest. For example, 'edi,,bius
Very little has been published on this topic and we foveolatus (Cmawford), a gregarious larval parasitoid of 
think it would prove useful to conduct research in this the Mexican bean beetle (Epilachnavarivestis Mulsant),
general area. was recently imported into the southeastern United 

States from India (Angalet et al., 1968). Even though
ENCOURAGEMENT OF ENTOMOPHAGOUS SPECIES this parasitoid is unable to overwinter in Maryland, 

yearly releases have greatly lowered population densities 
If entomophagous species could be attracted to the of the host during the latter part of each season (Stevens 

crop earlier in the growing season, and if they could et al., 1975). 
be encouraged to remain in tile fields, they would cer- Augmentation of natural enemies, especially ento
tainly exert more pressure on pests. This could be ac- mopliagous insects, has not been employed to its full 
complished in many ways. First, pesticides that have potential even though the benefits could be substantial. 
little effect on parasitoids and predators should be used One promising aspect of augmentation is tile use of 
in preference to those that are broad spectrum, or they supplementary foods to sustain entomophagous Species.
should be applied prior- to major colonization by ento- By spraying a yeast hydrolysate and sugar food source
mophagous species. Dosages should be at an absolute onto a cotton crop, Ilagen and Iale (1974) were able 
mininmum to knock down target pests. These insecticides to attract quantities of an entoioplhagous species, Chr,
should be used judiciously only when target pests reach sopa carea, to the site. They found that they were able 
levels that can have an impact on yield (as discussed in to move these predators from area to area by attracting
this conference by Kogan and Heinrichs). Second, avail- then to food-sprayed areas, provided that tlnv ne\\ 
able habitat space should be increased early in the sea- sources were up-wind of the predators and the quantity 
son by one of several methods: using shorter distances of honeydew in the areas where the predators were re
between soybean rows, using small field plots (or larger siding was low. They also found that the predators could 
plots if edge effect is detrimental), employing strip crop- live on the food source for up to two weeks and, after 
ping and intercropping systems, or allowing hedge rows feeding, were able to lay viable eggs. The searching time 
and weedy areas to remain around the field. Third, the of the predators was increased because their life spans
soybean environnient should be stabilized as much as were increased. Moreover, because of induced oviposi
possible by crop rotation and intercropping schemes. tion, the prelator-prey ratio was increased. This type of
Fourth, the prerequisites of entomnoplhagous species in augmentation could effectively lower certain prey popu
a particular area should be studied so that requisites can lations below economic injury levels. 
be made available, e.g., nesting sites and certain types A similar type of augmentation made use of chemical 
of nectar sources, attractors (kairoiones) to move egg and larval parasi-

Other methods of improving the impact of biological toids fr6ni area to a:ea. Lewis et al. (1975) and 
control agents in a system include importation of bene- Gross et al. (1975) were able to manipulate egg para
ficial species and their artificial augmentation by inunda- sitoids (Trichogramma spp.) and larval parasitoids
tive releases. Biological control, including the importa- (Microplitis croceipes) by attracting them to and hold
tion, rearing, releasing, and evaluation of entonlophagous ing them ini areas in soybean fields that contained high
insects, has been successful for some pests of almost densities of the pest llcliot his zea. To accomplish this theV 
every major crop. The presence of sceleonid parasitoids, used tricosane, an extract of moths' scales or larval frass. 
Trissolcusbasalis (Woll.), on the eggs of Nezara viridula They found that they were able to greatly increase the 
is a case in point. These tiny egg parasitoids were first effectiveness of these parasitoids by the use of chemical 
introduced from Egypt into Australia in 1933 and peri- attractors. Such inventive methods of augmenting ento
odically released thereafter in different areas over several mophagous species should be employed with greater 
seasons. Before the introduction of the egg parasitoid, frequency in our fight to control soybean pests.
N. viridula was an important pest in all areas it occupied These two examples of augmentation may well pave
in eastern Australia. A few years after releases of the the way for future manipulations. Both methods em
egg parasitoids, the pest was held in check in most areas, ployed chemical substances to move entomiopliagous spe
i.e., population levels were kept below economic injury cies from area to area. In both cases tihe effectiveness of 
levels. Only in the interior where temperatures dropped the manipulated species was increased. The strategy 
very low during the winter months did N. viridularemain seems obvious: to begin herding entomophagous species 
a pest (Wilson, 1963). This example illustrates two points, to areas where pest outbreaks occur; to herd these valued 
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species away from areas where pesticides must be used 
and then herd them back into the sprayed area after 
the chemical deteriorates and is no longer toxic. The 
idea of conserving and maximizing the 	 usefulness of 
entomophagous insects is a dream today, but.may be-
come a reality tomorrow, 

CONCLUSION 

In ecological terms, the 	soybean system reaches equi-

librium during middle pod set, and shortly thereafter 
begins to fall out of equilibrium because of plant senes-
cence. Equilibrium timing may differ if determinate or 
indeterminate soybean varieties are used. Habitat suc-
cession: dueade to clinmte, grounds cover,plant olume, ma-Si~tv ter aclt gountcoerat voilbum, a-d 
lurity', and other factors counteracts equilibrium and 
therefore suplresses the establishment of entomophagous
insects. If entomophagous species are to successfully con-
trol pest specics, we must help reduce these successional 
elements by ever , possible means, including the manage-
ment and manipulation of crops, timely inutdati%'e re-
leases of entoniophagous species, establishment of bio-
logical control measures, and careful augmentation of 
natural enemies. 


It is our considered opinion that the effort required 
to establish pest management by incorporating the effi-
cient use of entoniophagous species will, in the long 
run, pay handsomely. We strongly urge that this coin-
ponent be incorporated into future and existing soybeanp~rograms. 
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Discussion 	 of allowing weeds to remain in a soybean field in order 
to increase habitat space?R. S. Rejesus: If biomass were analyzed ith respect to M. E. Irwin: There arc many confounding factors to 

different trophic levels, would you expect a more consider when analyzing a soybean field. It is true 
definitive picture to emerge? that by leaving weeds in a field one increases habitat 

M. 	E. Irwin: Very much so. The picture we have at- space and consequently diversity. These factors should 
tempted to paint is very simplistic. In this paper we tend to stabilize the soybean field and give entonopha
have not attempted to address the questions of species gous species a better foothold in it. On the other hatd, 
dynamics nor have we dealt with predator-predator weeds within a soybean field can compete with soy
interactions, hyperparasitism, and so forth. The real beans for space, light, water, and nutrients. Weeds 
world of the soybean field is complex. In this paper can also harbor diseases and insect pests that can 
we attempted to simplify the picture as much as pos- spread to soybean plants. These factors need to be 
sible in order to stress the ecological aspects of a soy- studied in detail so that the system which provides the 
bean field and how they directly affect herbivores and most benefit for the farmer can be adopted. \gain, we 
entomophiagous species. 	 are talking of a complex system and we really do not 

R. S. Rejesus: Would you speculate about the possibility yet know the answers to these questions. 
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Soybean Disease and Insect Pest Management 

Marcos Kogan 

Since the concept of "protective management of popu-
lations" was formulated by Geier and Clark in 1961, 
many symposia, books, and collections of papers were 
dedicated to the subject, among them, FAO (1966), 
USI)A (1966), Kilgore and Doutt (1967), National 
Academy of Sciences (1969), Tall Timber Research Sta-
tion (1969), Rabb and Guthrie (1970), Pedigo (1970), 
I luflaker ( 1971 ), Geier et al. (1973), Shepard (1973), 
Stark and Gittins (1973), Glass (1975), Maxwell and 
Harris (1974)' and Metcalf and Lucknann (1975). 
The tcris "integrated control," "pest management," 
and "integrated pest management" (IPM) coined by 
various authors, probably with rather narrower defini-
tions, are now used interchangeably. These terms gen-
erally define a system in which pest population regulation 
and control techniques are harmoniously integrated with 
one another, the crop production system, and the envi-
ronment for the purpose of maintaining pest populations 
and diseases below the economic injury level. Since all 
crop protection sciences now tend to adopt the concep-
tual fraxiiework of IPM (Good, 1972: Tachibana, 1975), 
this definition encompasses both insect pests and diseases. 

Iloweve'r popular the IPM concept became in the 
1970's, practical implementation has lagged behind the-
oretical progress. Only a few examples of complex IPM 
systems exist for any field, vegetable, or fruit crop, pri-
marily because the biological and economic data neces-
sary to devise and implement IPM systems are in-
adequate. 

Recent advances in management systems for soybean 
insect pests in the United States are the result of inten-
sive nhiltidisciplinary and interinstitutional cooperative 
research. At present these systems incorporate some of 
the following features: (a) rigorous correlations between 
plienology of the main pests and the growth cycle of 
the crop; (b) better understanding of behavioral and 
ecological characteristics of pests and their natural ene-
mies; (c) improved sampling procedures, including de-
velopment of sequential sampling models; (d) more 
accurate economic damage thresholds; (e) use of more 

selective or minimal rates of broader spectrum pesticides; 
(f) use of cultural control practices, such as trap crop 
methods; (g) breeding of varieties with multiple pest 
resistance; (h) avoidance of conflicting control measures 
through closer cooperation among researchers in ento
rnology, plant pathology, nematology, and weed science; 
and finally (i) extensive use of dynamic simulation 
models and techniques of systems analysis as aids in the 
formulation of control strategies. 

I shall first briefly discuss the main features of cur
rent soybean pest management systems. I shall consider 
then a hypothetical situation based on the occurrence 
of four key pests of soybeans in the Orient, viz., stem 
flies, soybean rust, a complex of leaf feeders, and stink 
bugs. Based on available information, steps leading to the 
development of management systems for these pests are 
suggested. Although pest problems differ quite markedly 
from region to region, techniques developed and tested 
in one area may serve as a basis for interim pest manage
ment systems in other regions. In time, research on local 
problems will allow adjustment of these systems to the 
unique nature of those problems. 

Under most soybean growing conditions the greatest 
economic impact of pests occurs first from weeds, then 
from diseases, and finally from insects. By virtue of the 
chemicals most frequently used to control these pests, 
however, greater environmental contamination and eco
logical imbalances are more likely to result from mis
management of insect pests, then weeds, and diseases. 
Therefore, I shall give greater emphasis to management 
of insect pests. 

MAIN FEATURES OF CURRENT SOYBEAN PEST 
MANAENT SYSTEMS 
MANAGEMENT SYSTEMS 

Pest management systems are being developed or are 
already in use in several North American states, viz., 
Florida (Strayer and Greene, 1974), Louisiana (New
sum et al., 1975), North Carolina (Anon., 1975), Ar
kansas (Lincoln et al., 1975), and Illinois (Kogan and 

Marcos Kogan: Section of Economic Entomology, Illinois Natural History Survey and Illinois Agricultural Experiment Station, University of Illinois,
Urbana, Illinois, U.S.A. 
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Luckmann, 1974), as well as in Brasil (Turnipseed, (1976). Development of IPM systems for the Orient 
1975; Kogan et al., 1976). These systems basically con- will depend to a large extent on information on economic 
sist in defining economic damage thresholds for the main damage thresholds for stemi flies, leaf-sucking arthropods,
potential pests; establishing sampling procedures for pest and pod borers. Also, the interaction between fliar dis
populations, their main diseases and other natural ene- eases and insect attacks must be understood before the 
mies, and defoliation levels where defoliating pest popu- established economic damage thresholds can be applied
lations are concerned; and recommending physiologically with confidence under most growing conditions. James 
or ecologically selective pesticides whenever these are (1974) reviewed the information on assessment of losses 
available, due to plant diseases; there is practically nothing

soybean. 
on 

Correlation between Crop and Pest Phenologies 
Particular types of injury to soybeans are more dam- Improvement of Sampling Procedures 

aging when inflicted at certain stages of plant develop- Since the backbone of current pest management pro
ment. Furthermore, peaks of different populations may grams is the correct assessment of pest population levels 
occur at more or less sensitive growth stages of the (scouting), much emphasis is placed on accuracy of 
plant. If the peak of a given pest population coincides sampling procedures. Only a relative estimate of popu
with a critical stage of plant development, there is a lations is needed for most practical applications. In this 
greater risk of economic damage. For instance, if stink regard the beat or drop cloth is perlaps the most versa
bugs are pod feeders, their occasional appearance in tile method for sampling lepidopterous caterlpillars, stink 
fields before pod development should be no cause for bugs, and most predatory bugs. The sweep net is used 
alarm. Damage only results from direct injury to the for leaf beetles, but may also produce adequate results
pods (Kobayashi et al., 1972). for certain lepidopterous caterpillars. Special techniques

When plant and pest phenologies are superimposed, must be developed to sample soil-inhabiting, stem- and 
it is possible to identify periods in the crop cycle during 
which a pest population peak may coincide with a more BATES 
sensitive stage of plant growth. During these critical ono0On o oioin ?.__2, , , _ _ 
periods sampling procedures should be intensified to , 0 _,2 
mon ito r tren ds in pest p op ula tio ns . Fig. 1 describ e s whe n P l a ti ng I11 M a -t-Fo wIm .0i- I 

populations of some common soybean pests are expected Gatmlnotlon Podding I W
 
to peak in central Illinois. Efforts to detect populationsC M, .
 

SEEDCORN MAGGOT
of defoliating pests are concentrated between periods 4 , ,

and 6, which are indicated in circles at the bottom of the . I 
 I I I I
 
figure. POTATO I
LEAFHOPPER 


Establishment of Economic Damage Thresholds I I 
One of the key parameters in pest management is the MEXICAN BEAN BEETLE I 

correct definition of the pest population and the damage
le As at which control measures should be undertaken. BEAN LEAF BEETLE I 
This parameter is designated the economic damage ' 
threshold (Turnipseed and Kogan, 1976). Usually at II !
those levels the value of the probable yield reduction, GREEN CLOVERWORM I 
which could be prevented by a control action, should 4 I 

more than offset the cost of application of this control 7-7 ' -1R 
action. Examples of economic damage thresholds adopted GRSSHOPRS 

in the United States are presented in Table 1 for foliage 'I I " 
feeders and in Table 2 for pod feeders. STINK BUGS 

Considerable progress in the evaluation of economic 
damage thresholds for defoliators was possible because I

the orreatiobeteeninformation was CORN ROOTWORMSavailable on the correlation between NORTHERN - - ----
yield reduction and defoliation. Under most experimental SOUTHERN 

conditions plants are most sensitive to defoliation at the 66 )
pod-set/pod-fill stage. At thistion stage 30 percent defoliaof indeterminate varieties may cause an 8 to 10 Fig. 1.Phenology of nine soybean insect species in Central

Illinois superimposed on a chart describing the crop growthpercent yield loss (Kalton et al., 1949). Models using cycle. Crop growth stages are indicated beneath the calendar 
these data and data on the rates of foliage consumed by dates. The arrows indicate when 50 percent of the crop in 
defoliating pest species were proposed (Stone and Ped- the state is expected to be at given stages of development as 
igo, 1972; Ruesink, 1975). A detailed analysis of the indicated by the circled numbers. Source: Kogan and Luck
components of one such model was presented by Kogan mann, 1974. 
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Table 1. Economic Thresholds for Some Defoliating Pest 
Species in the United States at the Pod-Set/Pod-Fill 
Stage 

Species 	 Thresholds 

Bean leaf beetle ...... 	 40% defoliation 
20 beetles/in row 

+ 20% defoliation 
Mexican bean beetle.. 15% defoliation 

15 adults or larvae/rn row 

Velvetbtan caterpillar 24 worms (> 1.2 cm)/m row 
12 worms (> 1.2 crn)/m row 
28 worms (> 1.2 cm)/m row 

+ 15% defoliation 

Green cloverworm .... 21 worms/n row or 6% 
defoliation 
24 worrms (> 1.2 cm)/m row 

+ 15% defoliation 
24 worms (> 1.2 cm)/m row 
30-45 worms/m row 

Soybean loopr ...... 	 24 worms (> 1.2 crn)/m row 
24 worms (> 1.2 cm)/n row 

+ 15% defoliation 

State 

Louisiana 

Illinois 
S. Carolina 
Virginia 

Louisiana 
Florida 

S. Carolina 

Missouri 

Illinois 
Louisiana 
Iowa 

Louisiana 

S. Carolina 

Table 2. Economic Thresholds for Some Soybean Pod Feed-
ers in the United States 

Species Threshold State 

Corn earworm ........ 9 worms/rn row Louisiana, S. Carolina 

Corn earworm ........ 6 worms/n row Arkansas 

Stink bugs ............ /rn row Louisiana, Arkansas,


and S. Carolina 
Bean leaf beetle ....... 10% pod feeding Louisiana 


pod-boring arthropods. Comparative studies on sampling 
methods for soybean arthropods were made by Shepard 
et al. (1974), and Hillhouse and Pitre (1974). For most 
pest management pr)proses it is sufficient to determine 
whether a pest pol)ulation is below or above a tolerable 
level. Sequential sampling plans allow one to reach this 
decision with the least possible number of samples, given 
accuracy and risk levels adopted in the plan. Sequential 
sampling models are available for only a few soybean 
pests, e.g., A. gemmatalis and Nezara viridula (N.S.F., 
1974). 

Understanding Behavioral and Ecological 
Characteristics of Pests and Their Natural Enemies 

Detailed ecological and behavioral studies of insect 
pests and their natural enemies often reveal conditions 

that may be used to advantage in both cultural and bio
logical control techniques. For example, the corn ear
worm, Heliothis zea, is more serious on soybeans when 

the canopy is not closed at pod-set stage. If open canopy 
is observed at that stage an outbreak of the pest can be 
expected. The southern green stink bug (N. viridula) in 

India infests, in sequence, a series of host plants follow
ing the appearance of fruiting parts on each plant. Cer
tain control techniques may be developed to disrupt 
migration from one crop to another (Singh, 1973). The 
manipulation of natural enemies also offers great pos
s 
sibilitie(s discussed by Irwin and Price in this con
ference). 

Use of Selective Pesticides 

Most current soybean IPM programs rely on well
tined applications 	 of insecticides if pest populations 

reach economic damage thresholds. Some insecticides 
widely used on soybeans destro), most beneficial insects 

together with the pests and frequently cause resurgence
of the pest a short time after the treatment. Ecological 

selectivity was achieved with minimal dosages of insec
ticides used against various soybean pests (Turnipseed 
et al., 1974). Table 3 lists some of the insecticides and 
rates recommended to control some pests of soybeans in 
North and South America. 

Newly introduced insecticides have great potential for 
physiological selectivity. One such insecticide, TH 6040, 

is an inhibitor of chitin synthesis and disrupts molting 
processes of certain lepidopterous defoliators. It has 
been used successfully on soybeans (Turnipseed et al., 
1974; see also discussion by Heinrichs in this conference). 

Use of Cultural Control Practices 
Kobayashi et al. (1972) recommended several cultural 

practices to control pod borers in Japan. These included 
earlier planting to promote early maturation, inter
planting with corn, and crop rotation. A trap crop sys
tem was used with success to control the bean leaf 
beetle, Cerotoma trifurcata,in Louisiana. A few rows of 
an early-maturing variety, planted 10 days to two weeks 
before the rest of the field, served as a trap for most of 
the colonizing adults, which could then be destroyed 
with insecticides (Newsom, 1976). Entomologists can 
devise cultural control schemes based on knowledge of 
the ecology and behavior of main pests. These schemes, 
however, are adopted only if they do not interfere with 

Table 3. Minimal Insecticide Dosage Recommended for Control of Main Soybean Pests in 
North and South America 

Insect Preferred 

insecticide 

A. genmatalis............... Carbaryl 

Plusiaspp................. Methomyl 


Active 

ingredient(g/ha) 

300 

500 
Stink bugs ................ Methyl parathion 600 


Alternate 

insecticidesiscide(g/ha) 

Methyl parathion 

Methomyl
Monocrotophos 

Monocrotophos 
Monocrotophos 

Active 
ingredient 

300 

200 
200 

500 
500 



established agronomic practices. These practices are de-
veloped to maximize yields, and sometimes they conflict 
with proposed cultural control schemes. Only careful 
experimentation and cooperation between agronomists 
and protection specialists can determine the feasibility 
of proposed cultural control schemes. 

Use of Varieties with Multiple Pest Resistance 
At present many widely used commercial varieties in-

corporate resistance to some of the most serious diseases 
and nematodes. The greatest success was achieved in 
the control of Phytophthora rot and the cyst nematode 
(Hartwig, 1973). Resistance to insect pests is now under 
intensive research in the United States (Turnipseed and 
Kogan, 1976; see also discussion by Kogan in this con-
ference) . Plant resistance is certainly one of the most 
desirable techniques to control soybean disease and in-
sect pests. 

Some of the most effective natural control agents of 
lepidoplerous defoliators are entomopathogenic fungi, 
such as Noniuraea rileyi (Farlow) Samson, Entomoph
thora spp., and M'etarrhisium spp. Recent research has 
shown that certain fungicides used to control foliar and 
seed diseases of soybeans niav adversely affect infectivity 
of beneficial fungi (Soper et al., 1974; Ignoflo et al., 
1975). Following preliminary reports of higher yields in 
treated soybean fields, the use of benomyl and other sys-
temic fungicides on soybe.ans is apparently increasing 
(Horn et al., 1975). The potential conflict between this 
disease control action and the natural control of lepi-
dopterous larvae by entomopathogenic fungi was sug-
gested by results reported by researchers in Louisiana and 
South Carolina. These researchers observed that velvet-
bean caterpillar populations were higher and the percent 
of infected caterpillars was lower in benomyl-treated 
plots (Herzog et al., 1975). Whether the differences 
observed will permit populations to increase above eco-

Table 4. Some Important Insect Pests in the Orient and Australia 

Plant part attacked Australia, 

Root nodules, germinating seeds, and 
seedlings 

........ 

........ 

Stalks and stems Corrhenespaula 

Leaves Heliothisarmigera 
Plusia spp. 
Spodoptera litura 

........ 

Stomopterix simplexella 

Pods and seeds Nezara viridula 
Riptortusserripts 
Etiellabehrii 

a R. M. Watts, personal communication; Goodyer, 1974. 
Gangrade, 1974. 
Kuwayama, 1953; Kobayashi et al., 1972.

dNapompeth, 1975. 
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nomic injury levels is still questionable. These potential 
conflicts, however, should be borne in mind when estab
lishing total pest management strategies. 

Use of Dynamic Simulation Models 
The integrated pest management systenis envisioned by 

crop protection scientists have been steadily mounting in 
complexity. Ilview of the inherent difficulties in testing 
alternative control strategies of such complex systems, 
attempts are being made to use dynamic simulation 
modeling. Main pest population dynamics are being 
modeled and preliminary soybean plant models are 
being developed. A systems approach is being used to 
produce decision-making algorithms for the farmer or 
the extension specialist. Besides permitting simulation oi 
control strategies, the approach has been useful in indi
cating major gaps in our knowledge of the polpulation 
dynamics of the main pests. Furthermore, a model is a 
valuable teaching tool that can be used to demonstrate 
the advantages or disadvantages of certain practices and 
can sometimes save years of painstaking field experinien
tation (Ruesink, 1976). 

MAIN SOYBEAN INSECT PESTS INTHE ORIENT 
AND AUSTRALIA 

A recent review of soybean entomology compared the 
main insect pests in the Orient and in North, Central, 
and South America (Turnipseed and Kogan, 1976). 
Table 4 uses a similar niche differentiation to compare 
the faunas of India, Japan, Thailand, and Australia. 

It is apparent from Table 4 that some insect species 
or a complex of closely related species play a similar role 
in soybean ecosystems throughout these vast regions. 
Early in the season steni flies and seed flies seemi to be 
ubiquitous in the Orient. Several species of lepidop
terous caterpillars are the main defoliators. Stink bugs 
are the most serious pod feeders, but tile soybean pod 
borer, Grapholitha glycinirorclla, is uniquely damaging 

India' , Japanc Thailandi 

Hyieniaplatura 
,langroi)izya spp. 

H. platura 
11felanagronmrza 

dolichostigmna 
.tllanagroni!zaspp. 

Oberoa brevzs ................ 

H. armigera H. viriplaca !I. arnmigera 
Plusiaspp..........
 
S. litura 
Diacrisiaobliqua 
Lamprosema indicata 
S. subsecivella 

N. viridula 
R. linearis 

........ 


S. litura S. litura 
Spilosona spp.........
 
L. 	indicata Lamprosemna spp, 

........ S. subsecijla 

N. viridula,N. antennata N. viridula 
R. clavatus 	 ........
 
E. zinckendla ........
 
Grapholitha glciniverella ........
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to soybeans in Japan and Korea (see discussion by Koba- N.
 
yashi in this conference). Many other species reported STINK BUGS ... .
 

in these regions are of economic consequence only in ...........
 

more restricted areas. 
CATERPILLARS 
 Ph '
LEPIDOPTEROUS I 

A HYPOTHETICAL PEST MANAGEMENT PROBLEM CATRPILAR
 

A iequence of pest problems conceivably important < - A 

in many soybean-growing areas in the Orient involves FOLIAR 
the following components: (a) stem flies (Melan- FUNGAL DISEASES 
agromnyza spp.), which attack seedlings early in the sea
son: (b) fungal diseases affecting the foliage throughout
 
the entire period of vegetative growth, soybean rust
 
(I'iakopsora pachytrhizi) probably being the main dis- "T
 
ease; (c) lepidopterous defoliators (a complex of spe- S
 

cies), which combine with foliar diseases to destroy leaf
 
tissue and reduce photosynthetic activity of plants; and MONTHS B C D E
 
(d) stink bugs (Nezara 'iridula,Riptortus spp.), which_ I I I I 
attack pods later in the season. SOYBEAN GROWTH d Dawlnnmpnr 

A three-phase plan is outlined to initially alleviate the STAGES FloweringVegetative Grotn
 
problem and to lead later to optimization of control pro- Sed 
cedures. A timetable for the implementation of such a Germination 
plan will necessarily depend on available resources for Fig. 2. Phenological relationship of four soybean pests and 
development of local research programs. the crop growth cycle (hypothetical). Months are represented 

by letters since growing seasons vary considerably within the 
PHASES OF AN INTEGRATED PEST regions under discussion. 
MANAGEMENT PROGRAM 
Phase 1: Transplantation of Existing Technology mincd stems counted after dissection (see discussion by

Rose et al. in this conference).
Considerable progress in crop protection can be made Defoliation levels are determined on the basis of visual 

in new production areas with techniques developed else- estimates. Whole plants or leaflets are picked at random 
where carefully being adopted as interim solutions to and the percentage of leaf area destroyed is determined 
many local problems. Once the main pest problems are by comparison with known standards (Kogan and Luck
identified, this phase consists primarily of three major mann, 1974). With practice, scouts can be trained to 
components. visually estimate defoliation in the stand to within 5 to 

Key pest phenologies described and superimposed on 10 percent of actual defoliation levels. 
chronology of crop growth cycle. Fig. 2 shows hypo- Control decisions are based on the combined results of 
thetical plhenologies of a succession of the four pests dur- population samples and damage estimates. Sampling is 
ing the crop cycle. E'xisting records are used to outline continued if a pest population is present but reduction 
such graphs. Sampling programs carried out in conjunc- of foliage arear falls below established upper limits of 
tion with the scouting plans should provide data neces- tolerance for e, ch growth stage of the crop. If the pest 
sary to increase accuracy of preliminary phenological population is gr,)wing, samples should be taken at closer 
graphs. intervals. 

Scouting and decision-making plans established. Be- It is also possible that foliage area reduction ap
fore accurate data on pest phenologies are gathered proaches a tolerance limit even though the causal pest
during the first phase of the IPM program, it may be population has disappeared. In this case no treatment is 
necessary to visit fields at fixed time intervals, e.g., needed. In short, a decision to treat pests affecting the 
weekly or biweekly. Samples of the main pests are taken foliage should be based on a combined assessment of 
and damage levels are estimated. This, however, is more pest population and damage level. An example of some 
easily said than done. There are good sampling methods of the options available is shown in Table 5. 
for lepidopterous defoliators and stink bugs, the ground Establishment of economic injury levels for key pests 
or beat cloth generally being used with reasonable suc- is thus essential even in the early phases of the IPM pro
cess. Estimation of stem fly populations, on the other gram. Such levels are as yet unavailable for stem flies, 
hand, is not easy. Adult flies can be sampled with a but there is enough evidence to suggest that the" -ause 
sweep net (Gangrade, 1976), but correlations between serious problems only when they attack young plants. 
adult fly populations and larval populations have not Economic damage levels for defoliators have been 
been established. As a starting point, 20 plants picked established for several lepidopterous species. Up to the 
randomly in the field can be removed and the number of pod-set/pod-fill stag! and during seed maturation it is 
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Table 5. Treatment Options and Loss Expectations in a Management Program for Insect 
Pests Affecting Soybean Foliage 

Damage level 
Low 

Low....................... Continuesampling 
at regular intervals 

Threshold .................. Continue sampling 
at closer intervals 

High....................... Spray overdue 
High probability 
of loss 

generally accepted that 30 percent defoliation can be 
tolerated with no effect on yield. During the pod-set/
pod-fill 	 stage 20 percent defoliation may cause some 
yield reduction. These levels were established using both 
determinate and indeterminate varieties, but usually us-
ing plants grown under favorable agronomic conditions, 
There is no idformation on tolerance to defoliation in 
plants under suboptimal growing conditions. In most 
current 	IPM programs, defoliation levels in economic 
damage 	 thresholds are set at 20 percent and 15 percent 
up to and at the pod-set/pod-fill stage, respectively. In 
addition, population levels greater than 20 lepidopterous 
caterpillars for every 1.5 cm per meter of row at normal 
row spacing (50 to 70 cm) are accepted thresholds for 
loopers 	 (Noctuidae: Plusiinae). Arnywornt and leli-
otlis spp. thresholds are reduced to 10 per meter of row 
(Kogan 	et al., 1976). 

The occurrence of foliar diseases greatly complicates 
the picture. The leaf area destroyed by pathogens should 
be computed in the assessment of the total leaf area 
destroyed. Apparently no established economic thresholds 
are available for fungal pathogens, a deficiency that 
greatly hampers development of more comprehensive 
IPM programs for soybeans. 

Economic thresholds for stink bugs have been estab
lished at 3 per meter of row at 75-cm rows or 2 per 
meter of row at less than 50-cm rows (Todd, 1976: 
Kogan et al., 1976). If seed quality is a major concern, 
as is the case in production of certified seed, these thresh-
olds may have to be lowered. 

Control actions selected. In this stage control prac-
tices are generally limited to well-timed applications of 
pesticides. In most IPM programs the preventive appli-
cation of pesticides is ruled out, except perhaps for the 
control of stem flies with soil application of granular, 
systemic pesticides. Programs prescribing treatments at 
preestablished schedules are generally contrary to the 
ecological and economic foundations of pest manage-
ment. Insecticides should be selected from among those 
least detrimental to natural enemies and applied at mini-
mal, effective rates (Turnipseed et al., 1974). Control 
of fungal diseases should be considered only if epiphy-
totics are of economic proportions. The selection of 
fungicides should also be made carefully, since certain 
compounds may adversely affect entomopathogenic fungi, 

Pest population level 

Threshold High 

Continue sampling Preventive spray 
at closer intervals Low probability of loss 
Spray Spray overdue 
No loss Loss expected 
Spray overdue Spray overdue 
Loss expected Loss expected 

thus reducing the effectiveness of these natural control 
agents against many insect pests. 

Control 	of stink bugs is also accomplished with well
timed, low dosage applications of organophosphate con
pounds. 	 Table 6 gives an example of compounds and 
rates that may be adequate under most soybean growing 
conditions to control pests in the complex under con
sideration. 

Phase I1:Expansion of Local Data Base 
With an interim control programi underway, efforts 

should be concentrated on refining control techniques 
to better adapt them to local conditions. The following 
is an enumeration of possible areas of concentration. 
Local needs and ava;:able research capabilities should 
dictate priority areas. 

1. Expansion ,r the biological data base with studies 
on the polulation dynamics of key pests, pest and crop 
life tables. Scouting at this time should be limited to 
critical times when potential pest outbreaks are likely to 
occur. Intensive scouting at the proper time makes the 
scouting program more economical and more apt to 
detect population trends. 

Table6. 	Compounds and Rates Considered Adequate for 
Control of Some Key Soybean Insect Pests' 

Active
 
Pest Pesticides ingredient 

(g/ha) 

Earlyseason stem flies .......... Monocrotophos" 5001
 
Mid-season lepiclopterous ....... Carbaryl 5001
 

caterpillars: 
(Helithis,Spodoptera, Arctiids) 

Plsiinac ...................Metoinyl 5001
 

Late seaon stink bugs........Methyl parathion 001' 
Monocrotophos (00' 

' Chemical control of foliar diseases is not included. See Sinclair 
and Dhingra (1975) for literature on the subject.mNo economic thresholds or control recommendations found inthe literature. The stem fly seems to be a problem only v. ien 
attacking seedlings. Monocrotophos is suggested on the basis of
its mode of action and reported efficacy against similar pests on
other crop plants. Preliminary results on chemical control by 
means of soil applications of systemic insecticides arc found in 
Gangrade (1976).

Turnipseed et al., 1974.
"Kogan et al., 1976. 
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2. Improvement of information on economic damage 
thresholds. It is apparent that such information is espe-
cially needed for stem flies and for soybean diseases. 

3. Assessment of occurrence and effectiveness of natu-
ral control agents. Predators, parasites, and diseases 
should be identitied, protected and, if possible, manipu-
lated to maximize their effectiveness (see discussion by 
Irwin and Price in this conference). 

4. Screening of germ plasm collections for sources of 
resistance to the main pests. 'Thereis evidence that ex-
pression of resistance may vary quite substantially under 
diverse environmental conditions. Screening programs 
m;y be necessary on a regional basis, because identifica
tion of a resistant line in one region is no assurance that 
the same line is going to maintain its characteristics of 
resistance when planted inanother region. Furthermore, 

even if the same pest species is present in various regions, 
it is possible that local races are more virulent than 
oueis. A line resistant to a species in one region may e 
stuscetible to local populations of the same species in 
another ' (se by Kogan in this con-region discussion 
ference). 

5. Consideration of cultural practices suitable to local 
cropling systems. Early or late planting may allow escape 
from attack by stem flies. Certain cropping patterns and 
rotation sequences may favor or suppress particular pests. 

6. Continuation of pesticide screening at minimal 
rates not only for their effectiveness against pests but 

also for their selectivity regarding beneficial species. 
7. Iprovement of the decision-making scheme 

adopted in phase I. 

Phase III: Integration 

Accumulation of biological and economic data through 
phases I and II of the program should permit develop-
inent of a conprelensive pest management system. Such 

is dynamic. As new detection methods and con-
system hn .7:15-24. 

trol tactics iecoMe available, they are incorporated into 
increasingly improved programs. A situation may be 
envisioned in the future in which: (a) varieties with 
multiple pest resistance are available and capable of 
favorably competing with other varieties in yield and 
quality of grain; (b) actions are taken to maximize the 
role of natural control agents; (c) cultural control 
methods and selective pesticides are regularly adopted 
and us ed inaccordance with needs established by con-

venientl, monitoring pest and damage levels; and (d) 

pest control actions are in harmony with the total crop 
system and with the environment as a whole. 

CONCLUSION 

A progrmn for development of pest management sys-
tens for soybean-producing areas of the Orient is pro-

posed. The program includes three phases: (a) trans-
plantation of technology, (b) expansion of the local data 
base, and (c) integration. Such a program should be 

considered as soon as expansion of the crop is contem-
plated. 

Evidence from other soybean-growing regions (Kogan 
et aL., 1976) suggests that technology currently available 
can be quickly and rather safely adapted in interim pro
grams for solving regional pest problems of soybeans. 
Results are particularly encouraging regarding lepidop
terous defoliators and stink bugs. As more information 
on specific pest problems becomes available, such interim 
programs can be improved and adjusted to produce pest 
management schemes capable of attending more effec
tively to regional needs. The dire need for additional 
research on stem flies, pod borers, and certain fungal 
diseases is quite evident for soybeans in the Orient. 
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122 EXPANDING THE USE OF SOYBEANS 

Small-Scale Equipment for Oil Extraction 

Chalermnri Vajragupta 

Soybeans have a wide range of uses. In addition to serv-
ing as animal feed and human food, they are also used 
for industrial application. The two major components 
of soybeans, protein and oil, make up nearly 60 percent 
of the seed, and are found in proportions of approxi-
mately 40 percent and 20 percent, respectively. Both the 
protein and oil serve as excellent bases for fabricated 
foods. 

Soybean meal, which is a relatively low-cost by-prod-
uct of cooking oil manufacture, is increasingly important 
in poultry and swine production. During the last decade, 
however, problems arose because of the use of low-
quality grain, which adversely affects the quality of the 
oil produced. Therefore, an oil-seed laboratory, including 
an oil-sced pilot plant, was established in 1972 as a part 
of the Thai-Japanese Soybean Project. Research was 
initiated for the study of oil-seed chemistry and process-
ing with a view toward solving production problems. 
Using a good quality grain processed by the method out-
lined in this paper, research workers at the oil-seed 
laboratory obtained a high quality cooking oil (Table I ). 

Oil-seed processing can be grouped into three major 
skeps: (a) the pretreatment process, (b) the solvent ex-
traction process, and (c) the refining process. A flow 
chart for ,ach of these steps is shown in Fig. 1, 2. and 3. 

PRETREATMENT PROCESS 

Raw Materials 

The raw materials are received at the laboratory pilot 

plant and are kept in a small silo with a capacity of 5 
tons (Fig. 4). Oil-seed quality is checked upon arrival. 
Analysis of the soybeans shows the following: a seed 
index of 10.48 grais per 100 seeds; foreign matter, 0.09 
percent; damaged seed, 4.39 percent; moisture content,
13.53 percent; and oil content, 20.32 percent. 

The raw material is conveyed from the hopper to the 
sifter by means of a screw conveyor unit. In the sifter 
dirt and other foreign matter are separated from the 
raw material. Normally when soybeans are the raw ma-

terial to be processed, sifter screens with openings of 0.7 
2to 1.0 cm are used. 

Cooker 
Cooking of the oil-seeds is carried out in a cooker, 

which consists of two closed, cylindrical steel kettles 
placed one above the other. The oil-seeds are delivered 
at a constant rate to the top kettle by means of a con
veyor. After cooking for a while in the top kettle, the 
cooked seed is dropped to the kettle below, where cook
ing continues. The total cooking time in the two kettles 
is 20 to 40 minutes at 80' to 90'C. This treatment 
coagulates the protein and coalesces oil droplets making 
the seed permeable to oil flow, decreases the affinity of 
the oil for the solid surfaces of the seed, and results in 
an adjustment of seed moisture content to 8 to 10 
percent. 

Flake Roller 
To facilitate the extraction of oil, the seed is reduced 

to small particles by means of a flake roller assembly. 
Two pairs of rollers are provided, the clearance between 
rolls being adjusted according to the desired thickness of 

Table 1. Comparison of Properties of Cooking Oil Produced 

at Oil-Seed Laboratory with General Standard 
Cooking Oil' 

Values for properties of soybean 
properties cooking oil 

Oil-seed lab. Standard (JAS) 

Acid value ............. 0.06 -0.09 <0.2 
Soap content (ppm) ..... 10- 45 <50
Color (Lovibond) ....... 20 - 30 Y ; 2 - 5 R < 20 Y; 2.5 R
Iodine value ............ 129 - 132 123 - 142 
Sponification value ...... 191 - 204 188 - 195 
Peroxide value .......... 0.7 - 14 <10
 
Specific gravity......... 0.920 - 0.922 0.916 - 0.922
 

(28°/25°C) 
Refractive index ......... 1.473 - 1.474 1.471 - 1.475
 

(25C) 

Specified by the Japanese Agricultural Standard (JAS). 

Chalermsrl Vajragupta: Agricultural Chemistry Division, Department of Agriculture, Bangken, Bangkok, Thailand. 



Fig. 1.Pretreatment process. 
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the flakes. A small flake roller unit can accommodate 
100 kilograms per hour of soybean seeds. 

A reasonably high moisture content is required for 
oil-seeds that are to be rolled into thin flakes. Very dry 
seeds do not flake well. For solvent extraction, soybean 
particles are adjusted to a moisture content of 10 to 11 
percent and flaked while still hot. At the end of this 
stage the soybeans have a moisture content of 11.41 
percent, a thickness of 0.35 am, and contain 38.19 
percent soluble protein. 

In the preparation of oil-seeds for expression in the 
expeller, the particles need not be as thin as those used 
in a hydraulic press. The reason for this is that the heat 
which is generated causes the seed particles to break up 
as a result of the intense shearing stress developed in 
the expeller. 

Expeller 

This unit operates on the oil-seed flakes, using a pres-
sure of 5 to 10 tons per square inch to force the oil out 
of the flakes. The oil is expressed by means of rotating 
screw expellers that produce the controlled cake thick
ness. Generally this unit is used for seeds that have an 
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oil ccltent of more than 20 percent, e.g., peanuts and 
kapok. Therefore, this step is omitted during the process
ing of soybean seeds. 

SOLVENT EXTRACTION PROCESS 

t .the solvent extraction process thef purex solventr nis 
delivered continuously to tie layer of material from 
which oil is to be extracted and is percolated through 
the mass by gravity until tile removal of oil is complete.
Complete extraction can be accomplished only by the 
use of a large volume of solvent relative to the volume of
oil extracted. The solvent is then recovered from the 
oil by distillation. 

In the case of soybeans, the extractor holds 250 kilo
grams of soybean flakes. Pure solvent (hexane) is de
livered to the top of the soybean flakes and is pumped 
through the mass until the removal is complete. The 
solvent extraction unit operates at temperatures of 450 
to 500C. The circulating time and the quantity of hexane 
used during each recycling step are as follows: 

First extraction - 90 minutes, 900 liters 
Second extraction - -10 minutes, 700 liters 
Third extraction - 20 minutes, 700 liters 

Fig. 2. Solvent extraction process. 
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The first, second, and third miscellas (crude oil plus 
solvent) are drained off to miscella tanks. Recovery of 
the solvent from the miscella is done by distillation. The 
loss of the solvent (hexane) during the solvent extraction 
process was about 7 percent. Crude oil concentrations 
in each of the three miscellas are: 	first extraction, 12.11 
percent; second extraction, 5.61 percent; third extrac-
tion, 2.21 percent. 

The crude oil obtained at the end of this process has 
the following composition: acid value, 2.32; moisture, 
0.09 percent; neutral oil, 94.73 percent; and gum matter, 
4.02 percent. The components of the soybean meal in-

chicle moisture, 13.59 percent; oil, 0.90 percent; protein, 

35.29 percent; and soluble protein, 15.32 percent. 

REFINING PROCESS 

Degumming and Neutralization 

The degumming and neutralization treatment is de-
signed to remove free fatty acids, phoslphatides, gum 
matter, aisd other impurities in the crude oil. This unit, 
which consists of an open tank with a conical bottom, 
is eqipp~edl with an agitator and a steam coil for heating. 
The agitator is comprised of a central, vertical shaft 
to which a series of blades are attached. The agitator 
rotates at a speed of about 60 rpm. The cone of the
 
kettle is steam jacketed to assist in melting and discharg-

ing materials after the treatment is completed. 


Deguinining is carried out in two steps. During the 

first step, 4 percent water is added to the crude oil. The 
mixture is then heated to 600C and agitated for 30 
minutes. It is allowed to settle for at least 24 hours. In 
the second step, 10 percent water and I percent oxalic 
acid are added, the mixture heated to 40 0 C, and agi-
tated for 20 minutes. Again it is allowed to settle for at 
least 24 hours. Finally, the degumiecd crude oil is neu
tralized by the adccition of sodium hydroxide. The 
amount of base required is calculated by multiplying 
the sum of the acid value plus one by 1.5 or 2.0 (to

of~~~~~obtain a NaOI-I concentration of 20' to 25 Bau )
The neutralized oil is agitated for one hour at 350 to
60°C, and then alloved to settle for 21 hours. 

Water Washing Treatment 
"'he water washing tank, which is similar to the de-

guiinining and neutralization tank, has a capacity of 150 
liters. )uring the water washing treatment, the oil is
mixed with 10 to 20 percent hot water and tie tempera-

sure of the mixing solution is maintained at 80'C. The 
mixing solution is agitated thoroughly for 20 minutes to 
wash small amounts of soap from the oil. Separation of 
the water and oil is achieved by alloving the mixture to 
settle for 24 hours. The water is then drained from the 
bottom of the tank. Usually the oil is washed twice in 
a second operation identical to the first. 

After the first washing, the oil has an acid value of 
0.31, a soap content of 75 ppm, and the color value 

(Lovibond method) is yellow, 30.9, and red, 4.0. After 
the second washing, the acid value is 0.36; soap content, 
12 ppm; and color value, 30.9 and 4.0 for yellow and 
red, respectively. 

Bleaching Treatment 
The bleaching tank, which is a cylindrical kettle with 

a conical bottom, has a mechanical agitator and steam 
heating coils. The operation begins by adding 3 percent 
activated bleaching clay and 0.1 percent activated carbon 
to the oil in the kettle before the bleaching temperature 
of about 1100C is reached. After heating is completed, 
agitation is continued for 30 minutes under a vacuum of 
less than 40 mm Hg. The oil is then pumped through 
the filter press for clay removal and the bleached oil 

Fig. 3. Refining process.
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is obtained. At the end of this treatment the oil has an 
acid value of 0.40, a soap content of 10 ppm, and a color 
value of 20 and 2.0 for yellow and red, respectively, 

Deodorizing Treatment 

The capacity of the deodorizing tank is 60 to 90 liters, 
Stripping steam is injected into the bottom of the vessel 
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at a rate of about 2 to 3 kg/cm"2 through a distributor, 
which consists of perforated radial pipes attached to a 
central steam delivery line. The oil in the vessel is heated 
by an external burner to 2300 to 240'C. The distinct 
odor is thus eliminated with the steam as it is drawn off 
by vacuum (4 to 5 mm Hg). The deodorizing process 
requires 90 minutes. 

Fig. 4. Scheme of oil seed pilot plant. 
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Fermented Soybean Foods 

Hideo Ebine 

In the Orient soybeans are traditionally used as food in 
two ways. First, they are used to make unfermented 
foods, such as tofu (soymilk curd) (Wantabe et al., 
1974), products derived from soymilk, such as yuba 
(soymilk film), and kinako (roasted soy flour). Second, 
soybeans are made into various types of fermented prod-
ucts, such as miso, shoyu, natto, tempeh, and sufu. 

In 1974 253,000 metric tons of whole soybeans and 
178,000 metric tons of defatted soybeans were used in
Japan to produce miso, shoyii, and natto (Tables 1, 2) . 
Miso is a fermented paste made with soybeans, salt, and 

either rice or barley. Shoyu is made from either whole 
or defatted soybeans plus wheat and salt. Natto is pro-
duced from soybeans fermented with Bacillus natto, a 
process that results in the characteristic ropy or glutinous 
texture and typical flavor of this food. Each year in 
Japan the per capita consumption of miso, shoyu, and 
natto is 6.7 kg, 10.2 liters, and 760 g, respectively, 

Although the various oriental soy food products ap-
pear to be highly nutritious from the standpoint of 
chemical composition (Table 3), many problems have 
yet to be solved before they can take their place with 
rice and wheat as food staples. After soybeans are cooked 
by ordinary methods, only 65 percent of the protein can 
be adequately digested. Moreover, soybeans contain cer-
tain carbohydrates that produce flatulence when they 
interact with microorganisms in the colon (Setta et al., 
1967). The gas-producing carbohydrates consist of some 
of the oligosaccharides, such as raffinose and stachyose, 
and the polysaccharide, arabinogalactan; reducing sugars 
and sucrose do not contribute to the formation of in-
testinal gas. A second problem is that soybeans contain 
antinutritional factors, such as trypsin inhibitor, hemag-ghtinins, and saponin. Finally, the characteristic beany 

flavor is considered undesirable by westerners who are 
not accustomed to soybean foods. These problems are 
solved, however, by the fermentation process. 

Digestibility is remarkably improved by proper cook-
ing and grinding, followed by fermentation. During 
fermentation the enzyme in koji (the inoculant) and 
salt-resistant microorganisms partially digest the soy-
beans. Through fermentation, for example, 60 percent 

of the protein in rice miso is reduced to a water-soluble 
form containing polypeptides and amino acids. This 
alteration gives miso its palatable flavor. After 10 hours 
of fermentation the water-soluble nitrogen of natto is 
increased to as much as 55 percent (Ota et al., 1964). 
The undesirable carbohydrates are partly leached out 
during soaking and cooking, and the remainder are con
sumed during the fermentation process itself (Ebine et 
al, 1972a) 
a. 	 7a 

The antinutritional factors, such as trypsin inhibitor 

or water, which is the initial step in the fermentation 
process (Liener, 1955). Elimination of the b' any flavor 
is somewhat more complicated. As reported by Arai et al. 
(1970), this flavor is caused primarily by several car
bonyl compounds, such as hexanal and pentanal. Our 
investigations revealed that these compounds are readily 
eliminated by the fermenting action of molds, such as 
Aspergillus oryzae and Rhizo pus oligosporus (Fig. 1). 
In practice, the degree to which the bean), flavor has 
been eliminated is a key to determining when to stop 
the fermentation or ripening process. The flavor of fer
mented soybean foods is further enhanced by the addi
tion of cereals, such as rice, wheat, or barley. This also 
results in the improved nutritive value of the protein, 

Table 1. Production of Fermented Soybean Foods in apan 

Name of food Raw material Amount 
(metric tons) 

Miso ...................... 587,228 
soybeans
defatted soybeansrice 

191,621
2,200

102,104 
barley 22,280 
salt 80,265 

Shoyu ..................... 1,213,350 
soybeans
defatted soybeans
wheat 

14,278
176,138
176,319 

salt 209,674 
Natto ...................... 90,000 

soybeans 47,000 

Hideo Eblne: Applied Microbiology Division, National Food Research Institute, Ministry of Agricultureand Forestry, Koto-Ku, Tokyo, Japan. 
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Table 2. Supply and Demand of Soybeans in Japan 

__ ____ __ __ _ a ?)

Sourccs and uses Soybeans used (I,000 metric tons) 29of soybeans in three years 

1965 1970 1974
 

Total supply............... 1,852 3,477 3,705

Domestic production ....... 121 57 60 R C?
 
Imported soybeans ......... 1,731 3,420 3,645 C.
 

Whole soybeans -0
 
Oil extraction ............. 1,341 2,50)5 2,727

Miso .................... 150 174 192 
 x . U 
Soy sauce ................ 16 13 14 E " 

Other foods".............. 345 552 520) 
Total foods ............... 511 739 726 

Defatted meal A 
Soysauce and miso ........ 174 168 ...
 
Other foods .............. 128 135 ...
 
Feed .................... 766 1,639 ... . V
 
Other uses ................ 
 0 8 . B J ._.-

Includes tofu, koritofu, natto, kinako, and other miscellaneous 
products. Fig. 1. Gas chromatographs of nonfcrmeuted (A) and fcr
, . . signifies data not available. mented (B) soymilk. 

because the amino acids deficient in one food are sup- soup, as well as in the manufacture of a sweet paste and 
plemented by the excess in another food. other foods. Although manufacturing methods differ 

Pathogenic or harmful microorganisms cannot survive somewhat from type to type, the basic method is essen
in salt-containing soybean foods, such as miso and shoyu. tially the same. Thc soybeans are first washed, soaked, 
Another interesting advantage of fermentation is that and cooked. After koji and salt are mixed with the 
the mold, R. oligosporus, can produce an antioxidative cooked soybeans, and a starter of yeast and lactic acid 
compound (4', 6, 7-trihydroxy-isoflavone) not found in bacteria is added, the soybeans are allowed to ferment. 
soybeans. This compound has an activity comparable to When fermentation is complete, the miso is mixed well 
that of NDGA (nordihydroguaiaretic acid) and is prob- so as to supply aerobic microorganisms with air. Finally,
ably derived from isoflavones, such as genestin and daizin different types of nmisos are blended, pasteurized if neces
(Ikehata, 1967). sary, and packaged. 

Because defatted soybeans are not suitable for making
MISO miso, whole soybeans are generally used as the raw ma-

About 590,000 metric tons of commercial miso and terial. Japanese domestic soybeans produce a miso of 
150,000 metric tons of home-made miso are produced high quality. As a result of evaluation tests employing
in Japan annually. Depending on the raw materials 101 U.S. soybean samples and 24 Japanese varieties 
from which it is made, miso is usually classified into (Ebine et al., 19 72a and 1972b), we found that the most 
three major types: rice miso made from soybeans, rice, suitable soybeans have a soft, smooth consistency and a 
and salt; barley miso made from soybeans, barley, and bright color after cooking. These soybeans also have a 
salt; and soybean miso made only from soybeans and salt. high water-absorbing capacity when soaked under speci-
Each type of miso is further classified on the basis of fled conditions. Tests have shown that there is no corre
color, taste, and the place where it is made. In this re- lation between the capacity to absorb water and the pro
spect, it is similar to the various types of cheeses. tein and oil content, but there is a high correlation be-

Miso is commonly used as an ingredient for making tween the carbohydrate content and the water-absorbing 

Table 3. Chemical Composition of Soybean Foods 

Soybean food Moisture Protein Fat Soluble Fiber Ash(%) (%) (%) carbo rate (%) 

Tofu ........................... 88.0 6.0 3.5 1.9 0 0.6
 
Aburaage ....................... 44.0 18.6 31.4 4.5 0.1 1.4

Kori-tofu ....................... 10.4 53.4 26.4 7.0 0.2 2.6
 
Yuba .......................... 8.7 52.3 24.1 11.9 0 3.0
 
Kinako ......................... 5.0 38.4 19.2 29.5 2.9 
 5.0
Natto .......................... 58.5 16.5 10.0 10.1 2.3 2.6
 
Miso 

Salty light .................... 50.0 12.6 3.4 19.4 1.8 12.8 
Salty red ..................... 50.0 14.0 5.0 14.3 1.9 14.8 
Soybean...................... 47.5 16.8 6.9 13.6 2.2 
 13.0
 

Soybeans ....................... 12.0 34.3 17.5 26.7 4.5 5.0
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capacity. In the manufacturing of miso, soybeans of a
large size are usually preferred because the ratio of hull 
to cotyledon is lower in the larger bean. Soybeans that 
have a pale yellow hull and hilum are especially accept-
able for making white or light yellow misos. 

Soybeans are washed and soaked to absorb enough
water for cooking. They are then cooked in water or 
steam at a temperature of 115°C for about 20 minutes 
in a closed cooker of either the batch or continuous 
(conveyor) type. In preparing koji, rice is first cleaned 
and washed in water and then steamed in an open cooker 
for -10 minutes. After the cooked rice is cooled to 35'C,
tane-koji (spoores of A. oryzae), which is prepared at 
a laboratory, is sprayed over the rice and mixed well. At 
present koji-fennenters of various types are used instead 
of the koji-rooms with many trays that were popular 
prior to World War 11. After inoculation of tile ricewith tane-koji, the temperature of the rice, as well as 
ie temperature and humidity of the air in the fer-
enter, is controlled so as to promote growvth of the 

miold. About -10 hours are required for koji to develop).Whendreadytkoji isumixede requiredtfosaltjtotstoevfur-tWhen ready, koji is mixed well with salt to stop fur-
ther development. Then koji is mixed with the cooked
soybeans plus a starter that contains the microorganisms 
necessary to promote fermentation. Fermentationplace in a vat at 25' takesto 30°C. The duration of fermen-
tation varies widely, depending on the kind of miso de-
sired. White miso, for example, takes about one week,
saltyn iso one to three months, and soybean iso over 
one year. 

Characteristics of Miso
The general constituents of some varieties of niso 

are shown in Table 4. As a priotein food, niiso has many 

desirable characteristics, such as its palatability, digesti-

bility, and shelf life. In addition, it has a strong buffer 

activity caused by the protein, peptides, amino acids, 

phosphoric 
 acid, and various organic acids producedduring fermentation. This buffer activity plays an im
portant role as a seasoning used in a variety of foods 

to which miso gives a palatable flavor.
 

Table 4. Constituents of Fermented Soybean Foods 

Mois- Pro- Re-
Soybean food ture tein ducing Fat NaCIsugar%(%) %M 

White miso .......... 44 33
8 2 5Salty lightyellow miso 49 11 13 5 12Salty red iniso ....... 50 12 14
Barley iniso.......... 46 11 15 
6 13
5 11

Soybean mniso ........ 47 19 2 
 10 10 

Advances in Miso Manufacturing 

Application of starter. Although many kinds of micro-
organisms have been found in miso, only the halophilic
strains are important in the fermentation of miso. Among
these microorganisms, halophilic yeast and lactic acid 

bacteria have been determined as essential to fermenta
tion. These same halophilic microorganisms are also used 
as starters in modern cheese factories. Saccharomyces
rouxii and Torulopsis sp., Pediococcus halophilus and 
Streptococcus sp. are the most important microorganisms 
for miso production. 

Use of new type cooker and koji-fermenter. A batch
type cooker was developed so that the temperature can 
be raised rapidly to over 120'C and lowered quickly
immediately after cooking the soybeans. A continuous 
cooker was also developed and is now widely used for 
cooking rice. and barley. The belt conveyor in this type
of cooker allows for substantial savings in time and labor. 
Mvany types of koji-fermenters that regulate temperature
and humidity have been developed.

Development of new types of miso. With the inten

tion of reducing the concentration of salt to less than12 percent and raising the level of protein, we investi
gated a new type of miso at our laborator. The enzyme
preparation, Takadiastase SS, was employed to digest 

the protein of soybeans (Ito et al., 1965). The new type
of miso produced contains 53 percent moisture, 6.3 per
cent sodium chloride, and 17 percent protein. Ve also
developed an instant, freeze-dried miso soup made with
dried vegetables, baked wheat gluten, and seaweed. Thisnwpouti o vial omrily
 
new 
product is now available commercially.
Problem of Mycotoxins in Mold-Fermented Foods 

There has been considerable concern regarding the 
possible presence of mycotoxins, especially aflatoxins 

formed by some strains of Aspergillus flavs. However,according to Manabe et al. (1968) of our institute, no
aflatoxin-producing strains were found among the 238strains of mold collected from the factories that prepare
koji in Japan. Furthermore, no aflatoxins were detected 
in 28 rice kojis from miso factories, 108 codmercial 
miso samples, 30 home-mde miso samples, or 20 sioyu 
samples. 

SHOYU 

The origin of shoyu and miso appears to be the same.
 
According to an old Japanese legend published in 1489,
the juice from mash, which resembles a soft miso, was 
used as a liquid seasoning that gave a delicious flavor 
to .Japanese foods. Based on this early description, similarities in the miso and shoyu of the present day can be 
seen with respect to raw materials, microorganisms, fer
mentation principles, and constituents. Only the main

differences will be cited her. 

For economic reasons defatted rather than whole soybeans are the major substrate used in making shoyu. 
Although many advances in shoyu manufacturing methods have been made, the most notable improvement has
occurred in the level of nitrogen recovery. The level of
nitrogen recovery refers to the percentage of protein
found in the finished product compared with that found 
in the raw materials, including both soybean cake and 
wheat. After World War II shoyu technology focused on 
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increasing nitrogen recovery. For this purpose, a new originated in China. These foods and the manufacturing 
cooker capable of cooking the soybean meal at a high process involved were introduced into Japan between 
temperature for a short period of time was developed. 500 and 600 A.D. (Bush, 1959). As a result of modifica
Koji-making technology was improved so as to increase tions of the prototype, miso and shoyu as we know them 
enzymatic activity and reduce the amount of contami- today are now produced. 
nants in the shoyu mash during fermentation. Finally, Although soybeans are highly nutritious from the 
temperature controls for the fermenting mash were per- standpoint of their chemical make-up, they must be ade
fected. As a result of these improvements, nitrogen re- quately processed for use as human food. Fermentation, 
covery was increased from 60 percent in 1945 to 90 using comparatively simple facilities and equipment. has 
percent in 1975, and the period for fermentation and proved successful in eliminating many of the disadvan
ripening of the mash was shortened from 12 months or tages associated with human soybean consumption. After 
more to between 4 and 6 months. Moreover, the flavor World War II many advances were made in the nmanu
of shoyu was improved remarkably so that it is now ac- facture of traditional, fermented soybean foods. The ntew 
ceptable to consumers abroad as well as in Japan. technologies established in Japan are expected to con-

Shoyu is divided into three major types: koikuchi, a tribute further to tie improvement of processing methods 
dark-colored shoyu; usukuchi, which is light; and tamari, and to the development of new foods that will be suitable 
which is of an intermediate color. About 90 percent of for consumption of soybeans, as well as other legumes, 
the shoyu used is of the koikuchi type. Chemical anal- in foreign countries. 
ysis of a good quality shoyu of this type has the following 
composition per 100 ml: 1.5 to 1.8 g of total nitrogen LITERATURE CITED 
(9.3 to 11.2 percent amino acids) ; 3 to 5 g of reducing Arai, S., M. Noguchi, S. Kurosawa, H. Kato, and M. Fujimnaki. 

sugar: I to 2 g of organic acids, of which lactic acid and 1970. Studies on flavor components in soybean. V1. Soume 

acetic acid are the major components; and 17 g of evidence for occurrence of protein-fla or binding. Agr. Biol. 
sodium chloride. In addition, koikuchi shoyu contains Chem. (Tokyo) 34:1569-1573. 
many other compounds that give it a characteristic Bush, L. W. 1959. Land of the Dragonfly. Robert Hale, Lon

don. 2 2-tp. 
flavor. Ebine, H., Z. Matzushita, and 11. Sasaki. 1972. Rep. Food 

Res. Inst. (Tokyo) 27:109. 
NATTO Fbine, H., Z. Matzushita, and II.Sasaki. 1972. Rep. Food Res. 

Inst. (Tokyo) 27:132. 

Natto is classified into two major types: one called Ikehata, H. 1967. Food Ind. (Japan) 10(16):-t2. 
Ito, H., ff. Ebine, and M. Nakano. 1965. Rep. Food Res. Inst.hamanatto, which resembles soybean miso in taste; and (Tokyo) 19:127.
 

the other called itohikinatto. The natto commonly re- Liener, I. E. 1955. The photometric determination of the he
ferred to is itohikinatto. This food is a unique soybean magglutinating activity of soyin and crude soybean extracts.
 

product fermented by Bacillus natto. The surface of fer- Arch. Biochem. Biophys. 54:223-231.
 
mented natto is covered with a characteristic viscous or Manabe, M., S. Matzura, and M. Nakano. 1968. J. Food Sci.
 

Technol. (Japan) 15:341.
slimy substance consisting ot B. natto cells and polymers Ota, T., H. Ebine, and M. Nakano. 1964. Rep. Food Res. 
of glutamic acid. Inst. (Tokyo) 18:46-52, 53-58. 

In 1960 the National Food Research Institute initiated Setta, D. J., D. H. Honig, and J. J. Rackis. 1967. Proc. Int. 
a project to develop a new type of soybean food in order Conf. Soybean Protein Foods. Oct. 1966. Peoria, Illinois. 

UNICEF to supply a U.S. Dep. Agr., Agr. Res. Ser. 71-35. 285p.to comply with a request from 
nutio u pl i a for cWatanabe, 	 T., H. Ebine, and M. Okada. 1974. New protein
nutritious protein food for children. The product thus food technologies in Japan. Pages 415-t54 in A. M. Alt
developed is processed in the following way: soaked so) schul, ed., New Protein Foods, Vol. IA. Acadetnic, New 
beans are first cooked in an autoclave at 121'C for 30 York. 
minutes. A starter of B. natto is then added to the hot, 
cooked soybeans and mixed well. The inoculated soy- Discussion 
beans are fermented at 42°C for 8 to 10 hours. The 

F. B. Ballon: What causes the flatulence or gas-formingfermented soybeans are then passed through a chopper 
and spread over trays for vacuum dehydration. The dried factor of soybean fermented food? Is there a varietal 

material is made into a powder for use as an ingredient, difference when it comes to this factor? 

mixed with wheat flour, in biscuits. In animal feeding H. Ebine: Oligosaccharidcs, such as stachyose and raf

experiments this new food had an absorption rate of 83 finose, at a 3 to 5 percent level in soybeans cause 

percent and a biological value of 63 percent, a notable flatulence because they are not absorbed until they 
to the large intestine. The content of theseimprovement compared with the absorption rate and 	 move 

oligosaccharides differs from sample to sample to somebiological value of raw soybeans. 
extent, but we are not sure whether the difference is 
due to variety differences. Some papers on this prob-

CONCLUSION lem have been published by Dr. S. Kawamura, Agri-
An ancient legend indicates that the technology for culture Department, Kagawa University, Kagawa

making soybean foods with the aid of microorganism 	 Ken,Japan. 
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Simple Processing of Whole Soybeans for Food
 

L. K Ferrier
 

M~ie soybean is an excellent source of major nutrients, 
About 40 percent of the dry matter is protein, and the 
amino acid pattern approaches the optimum recom-
mended by the Food and Agriculture Organization of 
the United Nations (FAO). The soybean also contains 
about 20 percent fat. The oil is desirable because it con-
tains a large proportion of unsaturated fatty acids 
(Tables 1, 2). In addition, soybeans appear to be a good 
source of essential vitamins and minerals (Tables 3, -I. 
Trhuis, the soybean has great potential for people who rely 
mostly upon vegetable sources for protein, 

Nearly all of the soybeans produced in the United 
States and Brasil are processed in oil extraction plants. 
The oil is generally used for cooking, mayonnaise. salad 
dressing, and margarine the world over. The extracted 
flakes, which contain about 50 percent protein, are used 
mainly as a protein source for aninmal feed. Ilowever. as 
discussed by Prof. Anmara in this conference, food uses 
for the extracted flakes are increasing rapidly. Some of 
the products processed for human food from the ex-
tracted flakes include soy protein concentrates, isolated 
soy protein, textured vegetable protein. and soy protein 
meat analogues, 

FOOD USES FOR WHOLE SOYBEANS 
Another promising method for preparing foods for 

home consumption and commercial processing is to use 
the whole, full fat soybean. The I)epartment of Food 
Science at the University of Illinois has developed pro-
cedures for processing whole soybeans into many products 
that appear to have culinary potential (Bird et al., 1973; 
Nelson et al., 1971; Nelson et al., 1975; Shemer et al., 
1973; Wei et al., 1973; Anon., 1972). The processing 
procedure is straightforward and uncomplicated. Tihe 
basic process is described ini an earlier publication (Nel-
son, 1971). All of the processes start with field-dried soy-
beans, which are carefully cleaned to remove foreign 
material and damaged or moldy beans. After cleaning, 
the beans are hydrated by soaking in tap water for at 
least five hours, then precooked (blanched) in boiling 

water for 20 to 30 minutes. For products that require 
tender, blanched beans, 0.5 percent sodium bicarbonate 
is added to the blanching water. Products that do not 
require tender beans can be hydrated and blanched in 
a single operation that requires at least 20 minutes in 
boiling water. In some cases, the soybeans may be 
blanched with steam. After blanching, the beans are 
bland in taste and chewy to tender in texture, depending 
upon.the methods followed in hydration and blanching. 
Water-blanched beans will contain 50 to 70 percent 
moisture, whereas stean-blanched beans will contain 
20 to 30 percent moisture. 

The bland taste of soybeans produced in this way is 
directly related to inactivation of enzymes, principally the 
lipoxygenase enzyme system, in the raw soybean before 
the tissue is disrupted. When the raw tissue is broken, 
the enzyme and substrate (oil) are liberated, and, pro
vided some moisture is present. a bitter, beany taste de
velops very rapidly. Howveve,. the enzyme system is in
activated if the whole soybean is first hydrated and 
blanched in boiling water or steam. This enzyme inacti
vation completely prevents formation of an) bitter, 
beany, or painty flavor. Blanching simultaneously de
stroys the trypsin inhibitors, hemagglutinins, and other 
known toxic factors present in the raw beans. If present, 
these inhibitors would substantially reduce the nutri
tional quality of the soybeans by inhibiting trypsin and 
other digestive enzymes. The length of time required to 
destroy these components decreases with increased mois
ture content of whole soybeans. For example, trypsin 
inhibitors can be destroyed in rehydrated beans (con
taining 50 to 60 percent moisture) by boiling for five 
minutes. However, if dry soybeans are used, they must 
be boiled for 20 minutes to destroy trypsin inhibitors. 
Lipoxygenase is inactivated in rehydrated soybeans by 
boiling for less than five minutes. 

Boiling is also essential to produce an acceptable tex
ture and, for practical purposes, the desired texture will 
dictate the boiling time required. Use of softened water 
(pH about 7.5) or of a 0.5 percent sodium bicarbonate 

L. K. Ferrier: Department of Food Science, University of Illinois, Urbana, Illinois, U.S.A. 
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Table 1. Amino Acid Composition of Soybean Protein 

Amino acid content (g/g total nitrogen) 

Amino acid FAO FAO data- Other reported Full Con
pat- " the reed fat cen
tern" Seed Cake values (seed) flouri trat." 

Isoleucine ..................... 4.2 4.5 4.8 5.1 6.4 5.5 4.8 4 9
 
Leucine ....................... 4.8 7.8 7.8 7.6 6.6 7.7 7.8 8 0
 
Lysine ........................ 4.2 6.4 6.1 6.6 6.4 6.2 6.5 6.6
 
Methionine .................... 2.2 1.3 1.4 1.1 0.7 1.4 1.4 1.3
 
Cystine ....................... 4.2 1.3 1.7 1.2 1.6 1.6
 
Phenylalanine................. 2.8 4.9 5.0 4.8 4.1 4.9 5.1 5.3
 

Tryosine ...................... 2.8 3.1 3.8 3.2 3.1 .. 3.9 3.7
 
Threonine ..................... 2.8 3.9 4.3 3.9 3.8 4.0 4.2 4.3
 
Tryptophan .................... 1.4 1.3 1.5 1.2 1.2 1.7 .. 1.4
 
Valine ........................ 4.2 4.8 5.2 5.2 5.0 5.4 5.0 5.0
 
Arginine ...................... .. 7.2 7.1 7.0 6.0 7.5 .
 
H istidine ...................... .. 2.5 2.5 2.5 2.3 2.5
 

Alanine ....................... .. 4.3 4.5 3.8 .. .. .
 
Aspartic acid ................... .. 11.7 11.5 . .. .. .
 
Glutamic acid .................. .. 18.7 18.5 18.5 ..
 
G lycine ....................... .. 4.2 4.5 8.3 .. .
 
Proline ........................ .. 5.5 5.6 5.4 .. .
 
Serine ......................... .. 5.1 5.6 5.6 ..
 

Amino Acid Content of Foods and Biological Data on Proteins, FAO, Rome, 1968.
 
Lawrie, 1970.
 
Cravens and Sipes. 1958.
 
Iriarte and Barnes. 1966.
 
Meyer, 1967.
 

solution (pI 7.5 to 7.9) results in much more rapid ten- the oligosaccharides in soybeans, some of which are be
derization and reduces the cooking time required to about lieved responsible for the production of intestinal gas, or 
one-third of that required when tap water is used. The flatus. Only a small amount of the protein (1 percent of 
bicarbonate may be added to either the soaking water, the Kjeldahl N) is lost during soaking and blanching. 
the cooking water, or both. Use in both soaking and cook- Most of the nitrogen lost appears to be nonprotein 
ing water is the most effective. However, the use of nitrogen. 
sodium bicarbonate results in a slightly different taste As mentioned earlier, when the tissue of the soybean 
compared vith that obtained in tap water. We have not cotyledon is disrupted or damaged and moisture is pres
found the taste objectionable, but if it is to some people, ent, the characteristic beany or painty off-flavor develops. 
or if sodium bicarbonate is in short supply, then soaking In University of Illinois tests, drum-dried flakes %%_-re 
in bicarbonate solution and cooking in tap wvater may be prepared, using 0, 25, 50, 75, and 100 percent slightly 
a preferable method of processing. However, the cooked 
beans will be less tender. Also, the p1-I may be raised to 

8.0 or 8.5 if faster tenderization is desirable. It is im- Table 3. Vitamin Content of Soybeans 

portant to note, however, that a high pH will probably Mature bean Meal 
increase the loss of thiamine (vitamin B,). Vitamin ug % of ug % of 

Soaking anti boiling also remove about one-third of vitamin/g RDA, vitamin/g RDA" 
soybean (100 g) soybean (100 g) 

Table 2. Fatty Acid Composition of Soybean Oil Thiamine .......... 11.0-17.5 95 12.00-44. 1 187
 
Riboflavin ......... 3.4-3.6 19 2.7-3.3 17
 

Saturated acids Unsaturated acids Niacin ............. 21 4-23.0 11 19.0-40.0 15
 
Pyridoxine ......... 7.1-12.0 48 8.8 44
 

Name Range Name Range Biotin .............. 08 3 1.1-1.7 5
 
(%) (%) Pantothenic acid. . .. 13.0-21.5 13.3-16.0 

Folic acid .......... 1.9 47 3.7 92
 
Laurie .......... 0.0-0.2" Dodecanoic ........ Inositol ............ 2,300 .. 2,500-3,900
 
Myristic......... 0.1-0.4 Tetradecanoic ...... 0.05-0.64 Choline ............ 3,400 ..
 

Palmitic ......... 6.5-9.8 Hexadecanoic and Carotene (as
 
palmitoleic ....... 0.42-1.60 provitamin A) ....0.18-2.43 13 .....
 

Stearic .......... 2.4-5.5 Oleic .............. 10.9-60.0 Vitamin E.......... 1.4 ..
 

Arachidic ........ 0.2-0.9 Linoleic ........... 25.0-64.8 Vitamin K ......... 1.9 ..
 

Behenic .......... ..... Linolenic .......... 0.3-12.1
 
Lignoccric ....... 0.0-0.1 Arachidonic ........ Traces Based on mean value between the two extremes and an as-


Total saturated Total unsaturated sumption that all of the vitamin is biologically available. Based
 
on Recommended Daily Allowances from: Food and Nutritionacids . 15.0 acids............ 85.0 


.................... _ _Board, N.A.S.-N.R.C. (U.S.A.) for adult male (19-22 years 

lower molecular weight acids (Danbert, o!d; 70 kg body weight), 1974.
Includes traces of 

1950). Source: adapted from Smith and Circle, 1972. 

http:0.18-2.43
http:0.42-1.60
http:0.05-0.64
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Table 4. Mineral Content of Soybeans products. Some of the foods that were made at the 

Mineral 
Mature bean 

% of 
Meal 

%of 
University of Illinois are listed in Appendix I. Each cate
gory will be discussed briefly. 

Amount RDAa Amount RDA4 
(bO g) (OO g) CATEGORY I: DRUM-DRIED FLAKES 

percentage percentage 
Calcium ........... 0.16-0.47 39 0.24-0.31 34 

Plhosphoris ........ 0.42-0.82 77 0.60 75

Magnesiuma........ 0.22-0.24 66 0.24-0.30 77
m/g .... 0contains/.. 

Zinc.................37 
 24 55-77 

Iron .............. 90-150 120 140 140 


Based on inean value between tile two extremes and an assump
tion that all of the mineral is available. Based on Recommended 
Daily Allowancc from: Food ard Nutrition Board, N.A.S.-
N.R.C. (U.S.A.) for adult male (19-22 years old; 70 kg body 
Seight), 1974. 
Source: adapted fromSmithandCircle, 1972. 

dainaged soybeans (Rodda et al., 1973). Taste panels 
could easily detect the beany off-flavor when 25 percent 
slightly damaged soybeans were processed, although the 
off-flavor was not pronounced. If hull damage is greater 
than 15 to 20 percent, blanching before soaking is 
recoM 11letded. 

Properly hydrated and blanclhed soybeans offer great 
potential for processing into a wide variety of food 

Fig. 1. Preparation of drum-dried 

The drum-dried flakes were made by grinding cooked 
whole soybeans into a smooth slurry and drum drying
the slurry on a double drum drier. If the final product 

other materials, such as fruit or cereals, these 
are mixed with the soybean slurry and the combination 
is drum dried (Fig. 1). The dried flakes may be ground
to any fineness desired. These flakes may be used directly 

as a weaning food or they may he mixed into other food,
such as baked goods, to increase the protein content. 
Mixtures of soybeans and cereals, such as corn or rice, 
improve the balance of essential amino acids. Cereals are
typically low in lysine and adequate in methionine, 
whereas legumes, such as soybeans, are normally the 

reverse, that is, low inimethionine and high in lysine. We 
have determined protein efficiency ratio (PER) for sev
eral drum-dried, soybean-cereal combinations and found 
that all PER's were between 2.0 and 2.5 (PER for 
casein =-2.5). 

Drum-dried, soybean-fruit mixtures have potential be
cause of the dominant fruit flavor and the increased pro
tein and calorie content of tile dried flakes. Soybean

soybean flakes using soybean-banana 
(50:50 or 60:40 on solid basis), whole soybean flake, soybean-rice (1:1), or 
soybean-corn (1:2). 

Corn milled to pass 
32 W sieve 

or 
Rice milled to pass 

32 W sieve 
or ]

Ripe banana fruit + 
200ppm SO2 (as NaHSO 3) 

Dry soybeansI
 
Dry-cleanI
 

Blanch in tap water 
for 30 minutes 

Blend in Waring Blendor with 
additive and water (add enough 
water to give mixture approximately 
23% solid content) until smooth 
in texture (2 to 3 minutes at high 
speed blending) 

Drum-dry in a double drum drier 
spaced at 0.01 inch and heated 
at a steam pressure of 40 psig 
to less than 4 % moisture 

Package Iand store 

http:0.24-0.30
http:0.22-0.24
http:0.42-0.82
http:0.24-0.31
http:0.16-0.47
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banana flakes (1:1) were prepared in the manner homogenizing, and pasteurizing (Fig. 3). A University
 
described in Fig. 1, and by Bird et al. (1973). The best of Illinois patent covers the preparation of the soybean
 
product resulted when very ripe bananas were used. This beverage base (Nelson et al., 1975).
 
product was very stable and contained a good mixture The major advantages of this process are an excellent,
 
of the major nutrients, viz., 23 percent protein, 9 percent mild flavor, no off-flavor, destruction of antinutritional
 
oil, and 50 percent carbohydrate. It was found to be low factors, and increased nutritional value relative to almost
 
in methionine (Spata et al., 1974) and its PER. was be- all other soybean beverages. The major disandvantage is
 
low 2, but this deficiency can be corrected by adding the necessity of homogenization in order to produce a
 
maize to the formula (Bressani et al., 1974). This stable suspension. The beverage base has been used to
 
product should provide a tasty, nutritious weaning food replace milk in products such as soy ice cream, so), yo
simply by mixing with boiling water. This also provides gurt, custard, and diet margarine, all of which are pre
a method for using very ripe bananas that would other- pared by conventional methods. It is presently nianufac
wise be discarded. tured on a pilot plant scale and marketed by G.B. Pant
 

CATEGORY I:CANNED SOYBEANS Fig. 2.Canned soybean products. 

Hydration and blanching of whole soybeans offer Dry whole soybeans 
possibilities for preparing a variety of foods for home 
use. Many recipes have been developed and are avail- I 
able from a number of countries. At present, however, Dry-clean and inspect 
the procedures in some of these recipes allow sonic 
lipoxygenase activity. We believe that the nethod of 
hydration and blanching described in this paper will Wash with water 
eliminate this activity, thus improving the flavor of foods 
prepared from these recipes. We also believe that addi
tion of sodium bicarbonate to the water will result in Soak for 5 hours at room temperature 
more tender, and therefore more acceptable, soybeans. in 0.5% NaHCO:;' 
We have used a number of formulations to prepare 

canned soybeans having a variety of flavors (Appendices 
I and II). Except for the use of sodium bicarbonate in Blanch in 0.5 /a NHCO:; for 20 minutes" 
the soaking water, all of the procedures used are standard 
for canning beans. The major steps are listed in Fig. 2: 
three sauces are given in Appendix II. Organoleptic Drain and rinse 
evaluations demonstrated that canned soybeans are 
highly acceptable. The response of visitors from many 
countries throughout the world indicates that cooked
 
or canned soybeans should have very wide acceptance, Remove loose hulls by water flotation
 
provided they can be cooked to adequate tenderness in
 
a reasonable length of time. Since sodium bicarbonate
 
is not readily available in most developing countries, the Place in."C" enamel cans
 
tenderness and cooking time of soybeans is still an impor
tant obstacle to their acceptance.
 

Prepare sauce Fill with hot sauce 

CATEGORY I1l: DAIRY PRODUCT ANALOGUES 

At the University of Illinois a simple process using Exhaust and close 
blanched whole soybeans was developed to produce a 
stable soy beverage with no beany flavor (Nelson et al., 
1975). This beverage contains up to 3.5 percent pro- Thermally process for 60 minutes 
tein (depending on dilution), which is equivalent to tile at 121'C for No. 1can 
amount of protein in cows' milk and nearly twice that in 
soymilks currently marketed or soymilks manufactured 
by the traditional oriental process. About 99 percent of Cool to 40 0 C 
the protein and over 90 percent of the total solids are 
recovered from the bean cotyledons. The only losses 
occur during blanching, and these (primarily carbohy- Label and store 
drate) are believed desirable with respect to reducing 
flatus (Wei et al., 1973). Basically the beverages are pre
pared by grinding cooked soybeans with water in a ham-	 One, but not both, of these steps may be omitted If necessary. Soak

ing is important to develop more lender soybeans. Blanching Is Im.mermill, homogenizing, adding sucrose and flavoring, re-	 portant for reducing gelation of the brine (FAO, 1968). 



134 ,XPANDING THE USE OF SOYBEANS 

Fig. 3. Preparation of a soybean beverage base. 

Whole soybeans 

Dehulling (optional) 

So i water 

Hot water blanch 

Drain adrinseDra idrinse 

Grind in hammfrmill twice 

Homogenize 

Dilute to desired protein level with water 

Add sweetener and flavor 

Homogenize 

Pasteurize 

Fill 

India. The selling price, which
University, Pantnagar, 

allows some profit, is roughly three-fourths that of cows'
 
imilk. 

CATEGORY IV: SPREADS 

Spreads, or intermediate moisture foods, constitute 
another group. An excellent diet margarine was prepared 
by conventional methods but using soy beverage instead 
of milk solids. A \,ery acceptable potato chip dip can be 

prepared simply by changing the flavorings used. 
Roasted soybean cotyledons plus added soybean or other 
oil can be processed, using a colloid mill, into a "soybean 

butter" that resembles peanut butter in texture and 
flavor. 

CATEGORY V: SNACK FOODS 

Tasty snacks may provide an avenue for introducing 

soybean foods to people who normally resist trying any
unfamiliar food. Soybeans can be roasted to make a dry 
nut similar to peanuts. First, the dry soybeans should 

be dehulled with as little damage to the cotyledon as 

possible. At home, dehulling can be done by rubbing 
small handfuls of cooked soybeans between the hands. 
The mixture is rinsed with water to remove the hulls and 

fines. After blanching for 20 to 30 minutes and draining, 
the cotyledons are deep fried in oil at about 190'C for 
three minutes. In the home, they may be roasted in a 
frying pan with a little oil, but the roasting time will be
longer. If the hulls are left on, the roasting time is still 

longer and the product will not be uniformly roasted.
Salt or other flavorings should be added while the beans are still hot. 

Puffed snack foods have also been prepared, using a 
enger X-5 extruder. Tile starting material containsabout 20 percent full fat soy flour and 80 percent corn 

or rice flour. After adding oil and flavoring, as is usually
done to this type of snack, tile protein content is at least
3 g per 100 calories, or about 12 percent protein. (The 

recommended daily allowance in the United States is 
about 2.0 to 2.3 g per 100 calories.) 

Many others have reported using whole soybeans for 
preparing high protein foods. For example, Bressani and 
coworkers (Fig. 4) reported the preparation and nutri
tional evaluation of numerous soybean:maize mixtures 
for possible use in tortillas (Bressani, 1974; lressani et 
al., 1974). They found that the best ratio o[ soybean: 
maize was 28:72 (Table 5). This mixture gave a PER 
of 2.54, whereas 100 percent maize resulted in a PER 
of 0.69 (casein, 2.87). Tortillas made from a mixture of 
inaize:whole soybeans (85:15) were prepared in a man
ner similar to that shown in Fig. 4, except that the 
dough, not the flour, was used directly to prepare the 
tortillas. 'I'he tortillas were reported to have physical and 
organoleptic characteristics very similar to those of tor

tillas made from maize. However, the protein content 

was increased from 10 to 14 percent and the PER in
creased from 0.95 to 1.72. More recent reports from the
Instituto de Nutricion en Centroamerica y Panama 

Fig. 4. Processing of mixtures of maize and soybeans (Bres
sani et al., 1974). 

Make desired mixture of 

whole maize and soybeans 

To 15 kg maize-soybean 
mixture add 24 liters 

water, 255 g Ca(OH). and 
c -s 

Discard cooking Mill cooked solids 
water to form dough 
w 

I 
Dehydrate in dehydration 

mill to produce maisoy flour 
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Table 5. Protein and Fat Content and Protein Value of contains over 20 percent protein and is intended as a 
Different Preparations' baby or children's food. The inixttfre is prepared by dry

Mixture Content wtn milling and blending in a pilot plant, which costs about 
Maize ____SoybeanPoen Ft gn effirciny US$50,000 to build and which produces nearly 300 
Maize Soybean Protein Fat gain efficiencyS(%) (g)h ratio tons of Faffa per month. 

These examples illustrate the wide variety of tasty and 
100 0 9.9 4.5 12 0.69 nutritious foods that can be manufactured from a single

79 21 16.9 8.9 81 2.08 
72 28 17.6 10.3 91 2.54 starting material, the cooked, whole soybean. We believe 
62 38 18.1 11.3 99 2.37 they demonstrate a great potential for this versatile food
0 100 40.0 25.6 101 2.03 ingredient. and we believe that these and other soybeanCasein . .. . .. 120 2.87 grdntsobaproducts can be adapted to fit the taste and texture 

All diets were calculated to contain 9 percent protein, preferences of people throughout the world. 
Average initial weight: 47 g. 

Source: Bressani et a!.. 197.1. APPENDIX I. PROTOTYPE FOODS MADE 

FROM WHOLE SOYBEANS 
indicate that an optimum PEIR was obtained if one-half Category I: Drum-Dried Flakes
 
the protein came from soybeans, and one-half from corn. I. 100% whole soybean
 
D)ifferent optimum ratios were found for rice and wheat 2. S- hioe o:y.:3.and
( 
(Bressani, 1975). 

Another interesting soybean :corn combination is Sov'- 3. Soy-coron (1:1. 1:3. and 1: -I1 

Ogi, a product developed by the Federal Institute for -

Industrial Research. Oshodi (Fl1I8,0) in Nigeria. (For 5. Soy-banana (I:1 weaning fond
 
information contact )irector of Research. FI IO. Category If: Canned Soybeans
 
P.M.B. 1023. Ikeja, I.agos. Nigeria.) Test marketing for 1. Vegetarian soybeans 
Soy-Ogi. which is produced by a pilot-scalh production 2. Three-bean salad 
facility at FIIRO. began in July 197-1. preparation of 3. Sov with chicken 
Soy-Ogi begins by steeping whole corn in water for 2-1 . Soy with pork 
hours. The corn is wet milled and placed in a fermenta- . Soy' with laml) 
tion vat. Whole soybeans are dehulled, steamed. ground. 6. Pork with soybeans 
and added to the same fermentation vat. The ratio of dry 
soybeans and dry corn used is 3:7. As reported by Bres- Category If[: )airv Product Analogues 
sani, and as we have noted in our own work at the Uni- 1. Beverage. plain 
versity of Illinois, a 3:7 or 2:8 ratio of soy:corn will 2. Beverage. chocolate flavored 
yield an optimum balance of amino acids. The mixture 3. Blend of soy beverage and cottage cheese whey 
is allowed to ferment, using the natural floradeveloped 4. Ice cream, mocha flavored 
during the corn steel), and in a manner similar to that 5. "Yogurt" 
used in the preparation of Ogi, a staple Nigerian pap Category IV: Spreads 
used for feeding children. After fermentation, the slurry 
is pasteurized and spray dried. The protein content of . Diet spread, margarine flavor 
the powder is about 20 percent. An adult version of Soy- 2. Poat chip dip 
Ogi, which contains 12 percent protein, was also de- 3. Peanut butter analogue 
\,eloped. Both products are prepared by mixing with Category V: Snack Foods 
water and bringing to a boil. Different amounts of water. I. Roasted soybean cotyledon 
or addition of other foods, may be used to prepare 2. Extruded, puffed rice and corn fortified with full 
products with different thicknesses or flavors, fat so, flour 

Spata et al. (1974) reported the development of a soy
bean dal. (Dals are cracked pulses and are a staple il APPENDIX 1I. SAUCE FORMULATIONS FOR CANNED 
many Indian diets.) Soybeans were delhulled, cracked, SOYBEAN PRODUCTS 
and the cotyledons and hulls separated. The cracked 
cotyledons were dropped directly into boiling water, 1. Pork and Beans 
blanched, and dried in the sun or with a hot air dryer. Tomato pulp 80 liters 
The estimated cost was within the range of locally Onion powder 3.0 kg 
used dais; organoleptic evaluation demonstrated good Garlic powder 200 g 
acceptability. Sugar (brown) 20 kg 

The Ethiopian Nutrition Institute has produced a Molasses 10 kg 
cereal-legume mixture called Faffa, which is a combina- Salt 10 kg 
tion of 57 percent wheat flour, 10 percent pea flour, 18 Starch (corn) 800 g 
percent soy flour, 5 percent dry milk, 8 percent sugar, Cayenne pepper 15.2 g 
with 2 percent salt and vitamins added. The dry mixture Hydrolyzed vegetable protein 20.0 g 
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Oil of clove 	 0.04 ml 
Oil of allspice 	 0.04 ml 
Yield sufficient for about 780 No. 1 cans. 
Mix all ingredients and beat to boiling. 
Fill at 96°-100 0 C. 

2. 	 Soybeans with Chicken 

Use 1-15 g of blanched soybeans plus 28-30 g of pre-
cooked, diced chicken to fill a No. I can. Fill with 
sauce. Lse proportionally larger amounts to fill larger 

(cals. 

Tomato pul) (5% soluble solids) 2.06 kg 
\ ISG 	 22.5 g
Salt 	 450 g 


Curry )od'CeIr (McCormick) 22.5 g 
Ground cayenne pepper (McCormick) 6.0 g 
Corn starch 450 g 
Water 	 2.85 liters 

9.90 litersChicken broth 

3. 	 Vegetarian Soybeans 
To fillNo.I can use 128 g of blanched soybeans, 28 
a 


g of diced carrots, and 1-1g of cut green beans. 
Tosnato pull (5% soluble solids) 4.11 kg 
Salt 600 g 
MSG 30 g 
Curry powder (McCormick) 45 g 
Ground cayenne pepper (McCormick) 45g 
IIVP (Magge 312) 300 g 
Minced onion (Basic, dry) 150 g 
Garlic powder (Stange #41019) 15 g 
Water 25.5 liters 
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Discussion 

R. 	A. Buchanan: Many Asians prefer soymilk with a 
strong, beany flavor rather than the bland flavor pre
ferred by most westerners. Do you know anything 
about the preferences of different groups in Asial 

1,.K. Ferrier: No, I do not. 
F. 	 G. Winarno: This matter will be investigated in a 

survey we are carrying out among the many ethnic 
groups in Indonesia. 

R. 	A. Buchanan: How does drum-dried soy flour con
pare with conventional, full fat soy flour? 

L. 	 K. Ferrier: Its functional propertie's appear to be 
similar to enzyme-inactivated, full fat flour. Because 
sitila teamentivetd,full fat flour
 
of 	the heat treatment given to it, drum-dried so)' flour 
has a lower solubility, but a more bland flavor than 
enzyme-active (unheated) flour. Soy cereal mixtures
 
prepared by drum drying do not tend to separate dur
prepard b y rng doo te to separed 
ing handling, as many products do if tie' are prepared 
by dry mixing. 

M. 	 C. Saxena: The preparation of soy nuts involves 
deep frying of blanched beans. Have you made an)' 
estimates of PER on this product? I know of reports 

from Hyderabad in India tat indicated deep frying
 
of 	mung beans resulted in tremendous reduction in 
PER. 

L. K. Ferrier: We have not made any estimates of PER 

on deep-fried soy nuts. However, the process is rela
tively mild. The wet cotyledons are dropped into oil 
(190'C). Steam escapes for about 2 to 2/, minutes; 
the protein should not be damaged nutritionally dur
ing that time. The cotyledons remain inoil for about
 

45 seconds more and slight browning occurs. Thus, we 
would not expect a serious reduction in PER. 
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Nutrition and Processing of Soybeans 

F G Winarno and Darwin Karyadi 

Many aspects of soybean nutrition and processing have 
been thoroughly examined and discussed in several 
papers and textbooks; hence no new findings in this 
area will be discussed here. Rather, this paper empha-
sizes the importance of soybeans in the nutrition of Asian 
people, traditional processing methods, and the develop-
ment of new foods, which include high protein food 
mixtures using soybeans and cereals. Because the data 
available from other Asian countries is limited, this 
presentation is based on data only from Indonesia, which 
is used as an illustrative model with the hope that it is 
representative. 

NUTRITIONAL STATUS 

Although the data on the nutritional status of Asian 
Asia. are stillcountries, particularly those in Southeast 

tionis nsatsfator etal.,I m~i-(Wiarnincomplete, there is reason to believe that human utr
ion is unsatisfactory (Winarno et al, 1975). Nutrition 

surveys and food pattern studies conducted in Indonesia 

in the last 20 years have shown that the main problems 
directly related to poo- nutrition are protein and calorie 
malnutrition, vitamin A deficiency, anemia, and endemic 
goiter (Prawiranegara, 1974). 

Generally, the mortality rate of the preschool child 
below the age of four years is high, and cases of protein-
calorie malnutrition (PCM) are highly prevalent in 
villages and semiurban communities. A high mortality 
rate among infants and young children is often an indi-
cation of a country's poor nutritional status. Such is the 

In his address to the National Work-case in Indonesia. 
Nutrition in 1974, Indonesia's Presi-ing Conference on 

out of 1,000 live births an-thatdent Suharto noted 
nually, about 150 babies die before the age of one year. 
In a country with good nutriticnal status the rate is 20 

out of 1,000. 
The high infant mortality rate is in large part due 

to the poor nutrition of pregnant and nursing mothers 

who do not get enough calories or good-quality protein, 

which results in a lowering of the infant's resistance. 

Sainsudin (1971) reported that PC,M was found in 30 
to 50 percent of Indonesian children between the ages 
of I and 3 years. However, kwarshiorhor, a severe, 
chronic protein-calorie deficiency disease, was found in 
I to 2 percent of hospitalized children, with a peak inci
dence occurring in the 12 to 16 month age group. 

In an evaluation stud by the Applied Nutrition Pro
gram conducted in 1972-1973 (Sajogyo 1975'), nutri
tion problems in eight out of 26 l)rovinces were studied 
from the standpoint of socio-econonics and family food 
habits. The study recommended that nutrition improve
meaIt programs should give priority to pregnant and 
nursing mothers, and children below the age of two 
years.

In an attempt to produce more prmoteinx, ASIE\N 
countries m collaborating ese are of Aso ndpe on 

of so beans and c the s roei olab oan haes 

other protein foods. Soybeans hav'e been studied mnore
oreoieare best s~ourcebecause they the bst ASANtplant source oforfintensivelyintensively becuste. 

most ASEAN people are'Moreover,gaol-quarity protn. 

faxmxili ar wit h axnd use soyb~ea ns or soybean products ill
 
their daily diets. 

SOYBEANS AS SOURCE OF GOOD-QUALITY PROTEIN 

Chemical Composition 
In addition to the chemical components of sovbeams 

shown in Table 1, Sherman and Salmon (1939) deter
mined that ripe soybeans contain 18 to 2-13 iicrogranls 
of carotene per 100 grams. Depending on the cheimic:l 
structure, carotene xav be converted into vitmnix A im 

ayBe cotin t vitamin Allte an 
ontin othex vita iis of theriboflavin, the beans also 

bbofl e 

Itcomplex:
Pyridoxin (vitaxnin B,) 1.180 xxg/100 g 

Pantothenic acid 2,150 mng/1 0 0 g 
80 Ig/IOO gBiotin 

Other vitamins present in soybeans include vitamin E 

(d-tocopherol), 1-10 ing per 100 grams, and vitamin K, 

100 rug per 100 grams (Shurpalekar et al., 1961). 

Meta, JI. Gu God@, Bogor, Indonesia. 
Winarno: Agricultural Engineering and Product Technology, Bogor Agricultural University, Fate 

Darwin Karyadl: Nutrition Research and Development Centre, Bogor, Indonesia.
F. G. 
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Table I. Chemical Composition of Raw Soybeans 

NutrentsAverage per
Nutricnts 100 g soybeans 

Moisture .... . ... .............. 7 g

Protein.. 	 .... ........................... 18-22 g
Oil . . . . . . . . . . . . . . . . . . . 18-22 g
 
Carbohydrates . ........................... 12-14 g 

Crude libre ................................ 3.7-5.0 g 

Ash . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 .6 - 5 .4 g
 
Calcimij (Ca) ................................ 250 mg 

'liosphlrus (11).............................. 700 mg 


h-rj (We) ........ .......................... 7 mg

'otassium (K) ............................ 1,553 mg 


Sodium (Na) ... ........................ . 319 mg 

N icotinic acid ............... ......... ....... 2 .1 mg
 
Thiamine (vitamin Bi) ...................... 1,000 meg

Riboflavin (vitamin B2) ....................... .. 310 meg
 

Source: Nichols et al., 1961. 

Table 2. Protein Price of Different Commodities in Bogor, 
Indonesia, February 1976 

Price of Pro- protein
US S per kg te) in USs 

per kg 

Beef ....................... 2.17 15 14.47 

Pork ......................... 2.89 12 24.88 

Poultry ..................... 2.119 20 14.45 

Egg ...................... 1.57 12 13.05
 
Dry beans ................. .. 0.36 23 1.57 

Soybeans ................... 0.48 38 1.27

Rice...................0.36 7 5.14 


Table 3. 	Composition of Essential Amino Acids of Soybean, 
Egg, Milk, and Rice Protein 

sential 	 Amino acid content (mng/g protein)
amino acil Egg Milk Soybean Rice 

.. 55 603 140 51Leticine..........Leu.. in ... .. .... . 5 3 W3 480 322 

Lysine .................. 403 496 400 2:36 

Phenyalanine ............ 365 311 310 307 

fvr',sine ................. 262 323 200 269
 
Mtlionine ............. 197 154 80 142 

Cystiiie .................. 149 57 110 80 

Threonine.............. 317 292 250 241 

Tryptoplhan .............. 100 90 90 65
 
Valine ............ . 454 4(0 330 415 


Source: Lie et al., 1974. 

Nutritive Value 
Soybean has become an important food crop because 

of its high content of inexpensive, high-quality protein, 
oil, vitamins, and minerals. Comparisons of the price of 
various protein foods per kg indicate that soybeans are 
the cheapest source of protein. Table 2 compares costs 
of protein foods based on the average retail price in the 
markets of Bogor, Indonesia, at the beginning of Febru-
aty 1976. 

High-quality animal and soybean protein has a fa-
vorable ratio in the contents of essential amino acids. 
Table 3 shows that the essential amino acid composition 

of soybeans is comparable to tha, ut milk only, although 
the content of the sulphur-containing amino acid, me
thionine, is somewhat lower. This is the limiting airino 
acid in soybean protein.

Soybeans also have a relatively high oil content, which 
in turn 	is rich in polyunsaturated fatty acids, viz., lino

leic acid (52.3 percent) and linolenic acid (7.2 percent)
The digestibility of soybean oil in the human body i: 

similar to that of other edible oils. These essential fatt, 
acids, linoleic and linolenic acids, seem to reduce th 
cholesterol content of the blood, thus decreasing the pos 
sibility of heart and blood vessel diseases. 

Other Components 

Other compounds present in soybeans are trypsin in, 
hibitors, hemagglutinins, and lipoxygenase. The trypsii 
inhibitor compound was isolated for the first time bi 
Kunitz in 1947 in crystalline form. This inhibitor is 
protein having a molecular weight of about 25,000 an( 
an isoelectric point at pH 4.5. It inhibits the action o 
trypsin by forming an irreversible double protein com, 
pound. A solution of this inhibitor is stable over a wid(pH range at temperatures below 100C. Above 600C th( 
denaturation proceeds nearly to completion, and at 70'( 
it is completely denatured in less than 2 minutes (Ku
nitz, 1949) Irreversible denaturation takes place a 

900C . 
Hemagglutinins, a lrotein compound that aggluti.

nates red blood cells, were first isolated by Liener anc 

Pallansch in 1952 (Smith and Circle, 1972). Raw so 

flour contains about 3 percent hemagglutinins. Report 
indicate that the hemagglutinating activity of raw soy. 
beans is readily destroyed by moist heat treatment. For. 
tunately both the trypsin inhibitors and hemagglutinin!
in soybeans are thermolabile. Steaming at 1000C inacti, 
rates the antinutritional factors in raw soy flour, thu 

rendering a maximum protein efficiency ratio. Soymill 
should always be boiled for 5 to 10 minutes before bein[ 
consumed so that no active inhibitors and hemagglu. 

tinins will be present. 
Lipoxygenase, an enzyme found in soybeans, cata

lyzes the oxidation of unsaturated fatty acids by molecu. 

lar oxygen, which results in rancidity, off-flavors, anc 
poor storage stability. Lipoxygenase is, however, ver)
sensitive to heat and is destroyed at 820C in 15 minute. 

(Baker and Mustakas, 1972). 

STORAGE OF SOYBEANS 
After harvest and during storage, soybeans are suscep. 

tible to damage that can result in impairment of theii 
nutritive value and palatability. Proper post-harvest tech. 
nology is important to prevent damage. 

Soybeans stored in farm bins rarely become infested 
with insects, but occasionally bran beetles occur in high. 
moisture beans, which can be fumigated like small 
grains. Heating of soybeans stored in deep, poorly venti
lated bins may take place if the beans are not dry when 
stored. Storing in shallow bins or on the floor until the 
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beans are dry is recommended. If soybeans are sacked, to heat. The loss by excessive heating may be more than 
the sacks should be left open (Piper and Morse, 1943). 50 percent. Other antino acids, such as arginine, trypto-

The nature of the surrounding atmosphere appears to phan, histidine, and serine, may also be partially tie
have important effects on stored soybeans. Soybeans stroyed (Smith and Circle, 1972). The effects of differ
stored in open bins under high relative humidities de- ent heat treatments and processing methods on soybeans 
teriorate in a few months, but soybeans with 9 percent and soybean products are shown in fable 4. 
moisture content can be stored for about 21 months if 
high humidity conditions are avoided. Soybeans with a Table4. Effect of Treatments on Protein Efficiency Ratio, 
moisture content below 12 percent showed little deteri- Biological Value, and Digestibility of Soybeans and 
oration after three years when stored in a tight bin. The Soybean Products 
relative humidity during storage should be less that? 70 
percent if the storage temperature is 25'C. The cotre- Product Treatment PER" BVie 

bilitysponding equilibrium moisture content will then be 
lower than 12.4 percent (Thio, 1975). Raw, immature ..... none 1.1 49 88 

autoclaved 2.0 
Raw, vine-ripened.., none 0.5 69 85 

PROCESSING AND ITS EFFECTS ON NUTRITIVE VALUE autoclaved 1.5 
Raw, mature ....... none 0.7 50 82 

In contrast to the common legumes, soybeans are con- dry heated 0.7 
sumed in a variety of forms that require different pro- steamed 1.3 92 

autoclaved 1.3 64 90cessing methods. Traditionally two types of processes Raw, germinate ..... none 1.4 

developed in Asian countries are used. One method, autoclaved 1.9 
based on the use of water extracted from soaked and Meal, solvent 

extracted ......... none 0.5 52 74
 
ground beans, is used to make bean curd and soymilk. autoclaved 1 .9 69 119 
The other method uses fungi to produce fermented prod- Soymilk ............ none 2.0 79 91 

Tofu .............. none 1.8 6o 96
ucts, such as soy sauce, natto, miso, and tempeh. In the Tempeh ........... none 2.2 .
 

latter case, the protein is digested to peptides and even steamed 2 hours 2.1 

to amino acids, and flavor is improved. These traditional deep fat fried 

foods have been produced for centuries in China, Japan, 7minutes 0.6 
and Indonesia on a home or cottage scale. In Japan, PER: Protein Efficiency Ratio-- Gain in body weight divided 
however, soybean curd is being manufactured on a rela- by weight of protein consumed (FAO/WIIO 1965).hBV: Biological Vilue - The proportion ("') of absorbed 
tively large scale, sonic of it in the form of freeze-dried nitrogen retained in the body for maintenance and/or growth 
bean curd. (FAO/WHO 1965). 

Soybean milk has been of considerable interest to Source: Thio, 1975. 
nutritionists as a possible substitute for human or cow's 
milk, particularly in the feeding of infants who are 
allergic to animal milk, or where cow's milk may be Table 5. Effect of Steaming on Flavor of Soy Flour 
either too expensive or unavailable. Steaming Flavor Favr description 

(minutes) qcorc"
Effects of Heating on Nutritive Value 

0 ................... 1.5 beany bitter, green

Unless well cooked, ripe soybeans do not support ant- 3................... 4.5 beany, bitter, nutty, toasted sweet
 

ral or human growth. At present soybeans as such do 10 .................. 6.0 beany, nutty. bitter, toasted sweet
 
not play an important role in human nutrition because 20 .................. 6.3 beany, nutty, bitter. toasted sweet 

40 .................. 6.1 beany, nutty, bitter, toasted sweet 
they are relatively difficult to tenderize by ordinary cook
ing. Moreover, they have a bitter taste. Consequently, "I = Strong; 10 = Bland. 
simple processing methods need to be developed and Source: Rackis et al., 1966. 

introduced into small-scale industries and kitchens in 
rural areas. 

The nutritive value of soybeans may be improved by Effects of Heating on Flavor 
heat treatment or by processing into soybean products. Raw, matured soybeans have a bitter, astringent taste, 
The degree of nutritional improvement by heating de- and when eaten in this form will generate gas (flatu
pends upon, among other things, the temperature, dura- lence) and cause diarrhea. A high proportion of the 
tion of heating, pressure, and whether dry or moist carbohydrate in soybeans is indigestible. The effect of 
heating is used. As mentioned earlier, two biologically live steam on soybean flavor is shown in Table 5. 
active compounds (trypsin inhibitors and hemagglu- Raw meal is usually described as tasting beany, bitter, 
tinins) are thermolabile. The beneficial effects of heat and green. The green taste disappears after steaming 
treatment on the nutritive value is related to the inacti- three minutes at atmospheric pressure. The beany, bitter 
vation of both components. flavor, as well as the nutty, sweet, and toasted flavors, 

Excessive heating may destroy certain amino acids, varied in intensity with continued steaming. Data show 
such as lysine and particularly cystine, that are sensitive that flavor scores were not improved by steaming longer 
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than 20 minutes, which is approximately the time re-
quired to achieve the maximum nutritive value. 

Soyberin Varieties and Processing Methods 
There is also a need to develop special varieties of 

soybeans for specific methods of processing to get a
product with improved flavor and nutritional value. Al-
though efforts are being made in Asia and the Far East 
to develop varieties suitable for particular soils and cli-
mates and to give increased yield, hardly any effort has 
been snatle to develop varieties best suited to particular 
lpoces.mitiethods..At present, for example, most of the 
sovlan varieties grown in the Far East are of the field 
type used for oil extraction rather than vegetable types 
Anon, 1967). 

HIGH PROTEIN FOOD MIXTURES 

The deficiency of sulphur-containing amnino acids, 
which characterizes the protein of most soybean prod
sicts, can sonmetimes be minimized by combining such 
products with other protein foods not deficient in theseamino acids. But more important perhaps is the fact 
that any amino acid that may be limited in other pro-
tei foods may be present in excess anmounts in soybean 
protein. It is piossible to combine soybeans with other 
proteinl sources insuch a way as to provide a mixture
that is nutritionally superior to each one alone. Marked 
improvement in PER (Protein Efficiency Ratio) value 
is obtained when soybean protein is used to supplement 

protein derived fron various cereals. A number of food
mixturcq developed or produced in Indonesia -will be 
described below. 

Saridele. In 1952 the Institute of Nutrition started a 

stud' of soybean milk. As a result of the study, a factory 
was set up in jogyakarta in 1957 with the assistance of 
FAQ and UNICEF. The product, which was called Sari-
dele, was made fron soybeans, peanuts, and sesame 
seeds, and was fortified with minerals and vitamins. The 

nutrient composition of Sarilele compared with that of 
cow's milk is shown in Table 6. The production of Sari-

ddle was discontinued after 1966 because of the irregular
supjply of soybeans and marketing problems. 

Tempeh-fish-rice (TFR). This mixture, which was 
developed by the Nutrition Research Institute at Bogor, 
is composed of tempeh, fish, rice, sugar, and peanut oil. 
There are two formulas, the second of which was made 
to improve prwitabilitv and 'ittritional value. Given to 

children siicring from PCM, the mixture was foundto inipro" - body weight and the general condition of the 
child. The composition and nutrient content of TFR 

(inbe seen inTable 7. 

Soya-rice baby food. El Rawi and Ocy (1960) in-

vestigated tie PER of mixtures of soybean and its prod-
licts with rice. A mixture of one part Saridele (30 per-
cent protein and fotir parts ground b~ro~vn rice contU'insn
11.5 percent protein derived in equal amounts from rice 
and Saridele. The PER of the mixture is 2.98, vety simi-

Jar to that of milk and brown rice in comparable mix
tures (PER = 3.24). The combination of rice and Sari
dele was not only of better biological quality (PER for
Saridele was 2.23), but was also appreciably cheaper on 
a per calorie basis. 

The authors also investigated the PER of mixtures 
comprised of different varieties of soybeans and both 
brown rice and white polished rice. The mixture is in
tended as a supplementary food for infants and children. 
So far, however, no commercial product of this type is 
available. 

Soybean residue-fish-rice. In the preparation of tofu. 
a soymilk curd, a significant amount of protein is left 
in the residue. To save this protein, which would other
wise be wasted, the residue is dried.. \ blend consisting 

of 75 percent dried residue, 15 percent fish flour, and 
10 percent rice flour contains 43 percent protein. The 
mixture has a standard NPU of 56 and an operative 

Table 6. Nutrient Contents of Saridele and Cow's Milk 

Nutricnts Saridele Cow'smilk 
Protein ............... g 30 26 
Fat ................... gg %% 40 27Carbohiydrate .......... 22 
 37 
Minerals .............. g % 5 6
 
Moisture .............. g % 3 4

Calcium ..............
Iron .................. mg % 450 900
m g % 0.7Vitamin A............ IU 2,000

3.7 
1,080
 

Thiamine ............. 
mg % 0.7 0.24Riboflavin ............. 
mg % 1.0 1.3
Vitamin B . meg %...... .. . 1.0Ascorbic acid .......... mg % 15 4
 

Source: Soedarmo, 1959. 

Table 7. Composition and Nutritional Value of Tempeh-
Fish-Rice
 

Ingredients Composition in% 
TFR-l TFR-2 

Tenpeh ......................... 30 30Fish .......................... 
 9 10
Rice. ................. 30 30

Sugar............................ 27 
 25 
Peanut oil ........................ 4 5 
Nutrients Nutritional value 

TFR-1 TFR-2 

Protein % ................ 23.7 23.7
 
Fat % ................ 9.4 7.8
Carbohydrate g % ................ 59.6 61.2
Ash g %................ 2.3 2.4
 
Moisture g %................ 5.0 4.9
N PU std" ................ 64 67
NPU op" ................ 46 51 
"NPU std:Net Protein Utilization value standard. This value is 
obtained by feeding test that is done tinder standardized con
ditions. 

NPU op: Net Protein Utilization value operative. This valueis obtained by feeding experiments using young weanling albino
rats, according to standard procedures.
 
Source: Hermana et al., 1972.
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NPU of 30. If one part of the blend is mixed with four particularly with regard to the nutritive value of the 
parts of rice to give a protein content of 14.7 percent, products. In Indonesia efforts have been made to develop 
the NPU of the mixture is 53. The utilization efficiency high protein food mixtures using soybeans and cereals. 
of protein in the latter mixture, as calculated by net The type of processing for these products is designed 
dietary protein calories percent, is 7.5, which is adequate for use in the family, home industry, or small-scale in
for use as food for toddlers (Hennana, 1974; Lie, 1973). dustry. In an attempt to produce more protein, ASEAN 

The soybean residue-fish-rice blend can be made into countries are working collaboratively oi research with 
cookies and crisps, added to vegetable soup, or roasted soybeans and other protein foods. 
and eaten as is with rice. A mixture of soybean residue 
and other food, called "nasi tim," is currently being LITERATURE CITED 
experimentally fed to infants at the Nutrition Research :\n,,nym,. 1967 Soybean: Productiin. ci'atin . 
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Discussion 
Leslie Herath: What do you proposc to do with the soy

milk plant, and from where did you get it? 
F. 	G. Winarno: It came from FAO-UNDP. They arc 

now using it, rather than soybeans, for skim milk as 
raw material to make a new product called S.G.M. 

(Susa, Gula, Murjah). The product is a mixture of 
skim milk, sugar, and oil. 
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Small-Scale Processing of Soybeans 
for Food in Thailand 

A mara Bhumiratana 

TIailand is an agricultural country in which rice is the 

principal food staple. Although the quantity of rice is 
adequate to feed the Thai people, in recent years nutri-
tion experts have become increasingly concerned about 
protein and calorie deficiencies that result from the cus-

tomary rice diet. To improve the protein and calorie 
intake of the people, food scientists are concentrating 
their research efforts on finding improved ways of l'o-
ducing and using soybeans, which are rich in these 
nutrients. 

The Inst;t ite of Food Research and Product Develop-
ment, Kase.,art University, initiated several soybean 
utilization pilot projects five or six years ago. Using so)'-
beans alone or combined with other ingredients, we have 
developed a range of products, such as baby foods, kaset 
protein, and snacks. Tests indicate that these foods are 
highly acceptable, being both palatable and nutritious, 
Some of these products are soon to be manufactured 
commercially by small-scale industries. This paper is a 
description of the soy, food processing methods developed 
by the Institute. 

FERMENTED SOYBEANS 
t cooked 

Raw soybeans are soaked for 12 hours and then aoe 
in boiling water for 3 to 4 hours. After cooling, they are
combined with crushed, roasted wvheat and spread in 

bamboo trays. A starter, made from cooked rice inocu-

lated with Aspergillus oryzae and incubated until covered 

with green mold, is thoroughly mixed with the soybeans 

and wheat. This mixture is allowed to incubate at room 

temperature for 20 days, after whichnoclateit is placedwihin large,
eartenwre arswithbrie, yastearthenware jars with brine, inoculated with yeast 

(Zygosaccharornyces shoyu), and left uncovered for 6 

months. The mixture is then covered and left for 18 to
atued.milk.24fllymnth untl 

24 months until fully matured. 
Chemical analysis: Percent 

Moisture ....................... 56.17 

Fat ............................ 2.20 

Ash ........................... 17.70 


Salt (NaCI) ................... 11.83
 

Protein ........................ 11.10
 
Crude fibcr .................... 2.31
 

SOYMILK 
Whole soybeans arc cracked in a stone mill set on a 

coarse adjustment. The particles are then washed until 
clean, soaked in hot water at 80' to 90'C for 20 minutes, 
drained, and washed in a flotation washer until all the 
hulls are removed. Next, the dehulled beans are soaked 
in a solution of sodium bicarbonate at 70',C, drained 
after 10 minutes, and washed again. One part hot water 
(80'C) is combined with one part cracked beans and 
passed either through a stone mill set on a fine adjust
nient or through a Rietz disintegrator to form a thin 
paste. In a steam-jacketed kettle trisodium phosphate 
and additional water are mixed with the paste, which is 
then centrifuged in a Bird centrifuge. Clear litnewater, 
cane sugar, and iodized salt are added to the decanted 
liquid and boiled for 5 minutes at 100°C. Coconut milk 
can be added at this stage if desired. The soymilk is 
homogenized by filtering twice through a fine cloth. 

In the final stage the soymilk is pasteurized prior to 
bottling or storing in a tank cooler. Milk to be stored in 
bulk is passed through a coil to cool it to room tempera
ture, and l).L-methionine is added. It is then collected
in a tank cooler equipp~ed with an agitator where it is 

kept chilled and ready for consumption at 10 to 2ri. 

ethen soniilk is to be bottled, sodium etabisulphite 

(300 ppm) is added. Sterilized bottles are filled with the 

milk clos d Strilckd oessed i a e 

milk, closed with crown cocks, and processed in a retort 
at 116C. After cooling in the retort, the bottled soymilk
is ready for distribution. 

So ikcaalobpraedsevoatdand 
milk a soum peaisuepte(tnep

After sodium mnetabisulphite (300 to -100 ppm) 
has been added, along with fresh coconut milk if desired, 
the soymilk is heated for 2 to 3 hours. )uring this period 

it must be stirred constantly and the volume checked. 
When the volume has been reduced 25 to 50 percent, 
D,L-methionine is added, and the milk is homogenized 

Amara Bhumrlana: Institute of Food Research and Product Development, Kasetsart University, Bangkok, Thailand. 



144 EXPANDING THE USE OF SOYBEANS 

and poured into hot, sterilized cans, which are then 
placed in a chamber where the air is exhausted and the 
cans machine-sealed. Tile temperature of the milk be-
fore exhaust is 800 to 90'C; after exhaust it is 90' to 
95°C. The sealed cans are then processed in a retort at 
I160C, cooled in running water, and labeled, 

Chemical 	atalysis: Percent 

Moisture ..................... 74.50 

Fat .......................... 4.12 

Protein ...................... 6.76 

Ash ......................... 0.80 

Carbohydrate (by difference)... 13.72 

Crude tiber .................. 0.00 

Calories per 100 g ............. 119.00 


hron ......................... 1.23 

C alcium ...................... 40.05 

Phosphorus ................... 105.00 

Stidii ...................... 1-2.70 

Potassium .................... 136.50 

Vitamin A ................... not found
 
Vitamin C ................... not found 

Vitamlin B1 .................. 0.037
 
Vitamnin B... .................. 0.123 

Niacin ....................... 0.125 


YUBA 

Vuba is made from soymnilk heated to near boiling il 
flat, shallow, open p.ans until a surface skin is fornmal 
(Fig. 1). The skin is then lifted with sticks and air-dried 
on racks (Fig. 2). As new skin forms, it is removed and 
dried, a process that is repeated seven or eight times 
until no new skin forms. \'uba can be pressed or oil-
flied to form meat substitutes, or it can be combined 
with other foods. 

Cli lical 	analysis: Perce t 

Chemcal
mmalsisPercent 

Fat ............................ 25.43 

A sh ........................... 3.9 1
 
Protein ........................ 51.65 

Crude filav.r .................... 0.72 


YOGURT 
After being washed, cracked soybeans are soaked over

night at room temperature. They are again washed, at 
which time the hulls are removed by L,,tation. The de
hulled beans, to which one part hot water has been 
added, are ground and boiled, additional water (five 
times by volume) being added to form a paste. This 

paste is centrifuged and the filtrate drawn off into con
tainers. After steaming for 30 minutes, the liquid is 
inoculated with Lactobacillus bulgaricusand Lactobacil
his acidophilus, and incubated at 37°C for 16 to 20 
hours. When matured, the yogurt is chilled for )mine
diate consumption or canned. 
dte nsumpi c 

Chemical analysis: Percent
 

Acidity ... ..................... 2.68
 
Fat ............................ 0.47
 
Protein ......................... 5.06
 
Total sugar .................... 15.03
 
T otal solid ..................... 25.37
 

SUFU 

Sufu is made by inoculating tofu (soybean curd pressed 
into cakes) with Actinomucor elegan. This is put into 
jars and conibined with ground red rice (Angkak) soaked 

in brine or red wvine. The mixture is aged for 30 days at 
room temperature. It is usually eaten as a seasoning
with soups. 

Chemical anaPesis: Percent
 
Moisture ....................... 70.36
 
Fat ............................ 3.51
 
Ash ............................ 9A47
 
Salt (NaCI) ................... 6.72
 
Protein ......................... 10.04[
 
Crude fiber .................... 0.35
 

SOYBEAN SNACK (PROTEIN CRISP) 

A protein-rich snack has been prepared by inoculating 
soybean cake with A. elegan and incubating for 2 to 3 

Fig. I. PIreparation of yubh. Soy'milk is heated to near boiling Fig. 2. Preparation of yuba. The skin is lifted with a stick 
in a shallow pan until a surface skin is produced. and air dried. 
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Fig. 3. Preparation of tempeh. Soyheans inoculated with Fig. 4. Preparation of tempeh. The fermented beans were
Rhizopisx oligosporus are incubated I to 2 days at 31' C. dipped in brine and fried in deep fat. 

days at 30'C. After the soybean cakes have approxi- are dipped first into beaten egg yolk and then into hot
 
mately doubled in bulk, they are sliced wafler-thin, and syrup.
 
deep-fat fried. 
 Chemical analysis (Tou Guan)Pc


Chemical analysis: Percent 
 Permi 
Moistuire ....................... 36.57
 

M oistune ...................... 
 5-10 Fat ............................ 1.36

Protein ........................ .,t8-51 
 A sh. .. ........................ 0.8.1
 
Fat ........................... 30-4 2 Protein 
 ........................ 6.87
Ash ........................... 0.7-1.0 
 Total stu1ar . . .................. .1 1.10
 
Crude fiber ................ 1.6-1.7
 

Chemical analysis (Med Khanoon) 
TEMPEH Percent 

nisitire ....................... 256
Following the usual (-racking, soaking, washing, and Fat ............................ 12.69
 
dehulling process, the soybeans are cooked for 30 nin- Ash 
 ........................... I .17
 
utes. They are 
then spread on trays and inoculated with Protein ........................ 10.96
 
Ihizopus oligosporus, after which they 
are incubated at Crude fiber . ................... 1.13
 
31 'C for I to 2 clays (Fig. 3). The fermented beans are Total sugar .................... 31.80
 
dipped in brine and fried in deep fat (Fig. 4).
 

Chemical analysis: KANOM PING KASET 

............................ 
 6.3-6.5 These sweet, bite-sized snacks were developed frot aPercent blend of wheat flour (35 kg), full fat so) flour (15 kg),Moisture ...................... .15-55 and baking powder 
 (2.5 kg) sifted together through aPrtei ........................ 5 100-mesh sieve and thoroughly mixed. Vith a dough
Fat ........................... 18 beater 96 whole eggs are 
beaten together with salt, mar-
Crude fiber.................... 2 garine (20 kg), and sugar (23 kg)flour until foatv. 'Ilemixture is gradually beaten into the imoist ingre

dients until smoothly blended. The dough is then spreadTHAI DESSERT out onto sheets, nmachine-pressed into the desired shape 
Two desserts, Iu Guan and Iied Khanoon, have and size, and baked at 1500 to 200'C for 15 itinutes.Two deeprts,fou nd e n cooling,cran oybe an After the snacks are packaged in plastic bags

been prepared frotn cracked soybeans. After soaking in coting100rasechwarm water at 700 to 80 0 C for I to 2 hours and de- containing 1,000 grans each. 
hulled by flotation, the beans are cooked or steamed for Chemical analysis: Percet 
30 minutes, and finally ground. Tou Guan is made sin- Perce.t 
ply by adding sugar and coconut milk, and stirring to Protein ............................. 0.0(
form a paste. To make Med Khanoon, sugar and either Fat ............................ 24.21
minced coconut meat or coconut milk are combined Ash 2.12Fith ........................... 
the cooked, ground soybeans, then stirred and heated. Carbohydrate ................... 57.40 
After cooling, the mixture is molded into chunks, which Crude fiber .................... 0.63
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BABY FOOD Amino acid composition: ng/g 
A nutritious baby food ready to serve when liquid is Lysine .......................... 3.27


added has been developed from a combination of pre- Histidine ........................ 1.97
 
mixed vitamins and minerals (1.0 percent), sugar (15 Arginine ........................ 4.84
 
percent), full fat soy flour (12.5 percent), Aspartic acidand rice flour .................... 11.30

(71.5 percent). After being mixed together, these ingre- Threonine ....................... 5.14
 
dients are blended for 15 minutes. A preconditioner is Serine .......................... 7.88
 
added, and sometimes steam is injected for precooking, Glutamic acid ................... 43.40
 
although this is not essential. Following this, the mixture Proline .......................... 15.80
 

s G lycine ......................... 5.18
is conveyed by means of a screw feeder through an ex- Alanine .........................

truder cooker (X-25) equipped with five heads. Water is Cystine 

5.40 
......................... NC
injected through the first and fifth heads steamand "Valine ......................... 4.08


through the second, third, and fourth heads. The ex- Methionine ...................... NC
 
truder processing time takes between 20 and 40 seconds, 
 Isoleucine ....................... 3.36

and the temperature the fifth is from 900 toat head Leucine ......................... 8.03

100°C. The puffed cereal is then put on a conveyer belt Tyrosinc ........................ 3.68
 
for drying and cooling. For this purpose the conveyer Phenylalanine .................... 5.19
 
belt, which is 21 feet long, is divided into three sections, TryltophaR.................. 0.97
 
the first two of which dry the cereal at 1100 to 120 0C PER.............. 1.69

and 90' to 100°C, respectively. The temperature of tile
 
third section is somewhat cooler. l)rying takes from 12
 
to 18 minutes. Finally, the cereal is ground into a powder KASET PROTEIN
 
and packaged i p cbags of 500 g each. Kaset protein, a nutritious food supplement, is made 

Chemical analysis: Percent from the following ingredients: (a) fresh soybean pro-
Moisture ....................... 5.2 tein isolate, (b) fish protein concentrate (FPC), (c)
Protein.................... 11.0 mung beanfresh protein isolate, (d) fish sauce, (e) aFat ............................ 3.0 seasoning agent, (f) 
 iodized salt, (g) sodium carbonate,
Ash ............................ 1.4 (hi) DI-methionine, (i) and hydrochloric acid (3 per-

Crude fiber .................... 1.0 cent solution). In addition, vitamin B, (66.6 g), vitamin
 

B., (7.68 g), vitamin B,; (7.68 g), and niacin (87.30 g)
KASET NOODLE are added. All of these required ingredients are mixed 

Noodles are made from a dough blended of wheat to a homogeneous paste in a dough mixer for 20 minutes,
flour, defatted soy flour, ]),I-mnethionine, lysine, sodium after which the mixture is spread on trays and cut into 
carbonate solution, yellow vegetable dye, and water, small pieces.
These ingredients are mixed in a dough mixer for 10 The trays are then put into a hot oven set at 150' to
minutes and then rolled to a thickness of 1.5 nun be- 200'C for 90 minutes to partially dry the mixture. The 
tween rollers. If necessary, the surface of the dough is drying process is completed in a cabinet dryer set at
dusted lightly with starch to prevent sticking. Next, the 800 to 90'C for 8 hours. Following this, the dried pro
dough is passed through a roller cutter that can be ad- tein is reduced to small particles in a comnminutor and 
justed to cut noodles of varying length and width. The further ground to grits if desired. The dried, ground
nootles are then ready for immediate consumption. kaset protein enhances both the flavor and protein con-

If the noodles are to be packaged for later use, tile), tent of other foods with which it is combined. 
are cut and put on bamboo sticks, each of which holds Chemical analysis: Percent
about -15 g of fresh noodles. Then they must be steam- Mcnisture 4.2
blanched for 5 minutes and dried in a cabinet dryer at Protein ....................... 69.0
' 70 C for 4 hours. The), are then ready for packaging, Ash .......................... 6 .5

four pieces of instant kaset noodle usually being included Fat ............................ 12.1
 
in each package. The noodles can be eaten alone or Crude fiber .................... 2.2
 
with an instant soup mix that consists of seasonings, PER ................ 2.61
 
pepper, and salt. PER (Casein) ...... 2.50 
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A Production Unit for Low-Cost Weaning Food 
in Ethiopia 

Erwin Kopp 

Tie Ethiopian Nutrition Institute was established in 
1962 as a cooperative venture between the Ethiopian 
Government and the Swedish International Development 
Authority (SIDA). In addition to sponsoring activities 
related to health, nutrition, education, and communica-
tion. the Institute established a Food Production )epart-
ment at the end of 1965. At that time the primary 
objectives of the Department were: (a) to improve Ethi-
opia's nutritional status in general and that of children 
and pregnant and lactatin. mothers in particular: (b) 
to assist low income groups by providing low-cost, nutri-
tious foods; and (c) to develop new food products and 
thereby stimulate the growth of domestic industries 
capable of supplying basic materials such as soymilk 
powder. More specific goals included developing a low-
cost, high quality weaning food derived principally from 
raw materials produced in Ethiopia, and enriching tra-
ditional staple foods with high quality nutrients. 

After an initial period of product development and 
test marketing, a weaning food was introduced com-
mercially in autumn 1968. This product is called FAFFA, 
an Amharic word meaning "Grow strong and healthy." 
FAFFA consists of various combinations of cereals, le-
gumes, including soybeans and dried peas, nonfat mill., 
sugar, salt, iodine, iron, calcium, phosphorus, anct 10 
vitamins. The chemical composition per 100 grams of 
FAFFA flour is as follows: 

Calories. ..................... 31 


gram 
Moisture ......................... 8.0 

Crude protein .................... 21.2 

Fat .............................. 2.2
 
Carbohydrates including fiber ....... 64.5 

Fiber ............................ 1.0 

Ash .............................. 4.1 


C.g 
Iron.........................200 

15 

One hundred grams of FAFFA provide 20 grams of pro-
tein of high biological value. For infants, FAFFA can be 
prepared as a porridge by mixing the powder with cold 

water and boiling for five minutes, or it can be mixed 
with other ingredients to make bread for older children. 

As demand increased after 1968, production facilities 
were enlarged and improved. FAFFA is currently made 
in a pilot plant, which is rapidly wearing out because of 
continuous use. The plant prociiced 8-12 metric tons of 
FAFFA in 1974, about 55 percent of which was pur
chased by UNICEF for famine relief. The remainder 
was sold locally as a baby food. lowever. contrary to 
our original intention of stimulating the growth of do
mestic industries, we found it necessary to import con
siderable quantities of soy flour and milk powder. 

In this context it should be mentioned that a seminar, 
sponsored by FAO and UNICEF. was held in February 
1971 in Kampala. Uganda, to discuss the productioll, 
utilisation, and marketing of soybeans. During this 
seminar it became increasingly evident to Ethiopian par
ticipants that concerted efforts should be made to grow 
and process soybeans in Ethiopia. 

As an outgrowth of the seminar in Kampala the E5thi
opian Nutrition Institute in cooperation with the Agri
cultural Research Institute and CADU (a Swedish ag
ricultural aid project) initiated a small-scale program 
designed to test 200 soybean varieties at several locations 
throughout the country. Promising varieties were se
lected, and subsequently contracts for large-scale cultiva
tion were negotiated with a number of farmers. 

In 1974 INTSOY held its conference in Addis Ababa, 
an indication that our efforts are now%% receiving sonic rec
ognition. Learning about the results of soybean research 
in other countries has increased our awareness of the 
importance of introducing a new food crop with extreme 

care. The intention of the Institute is to grow soybeans 
on a contract basis with carefully selected and supervised 
farmers and eventually to introduce the crop to small
scale and subsistence farmers. 

We also plan to process full fat so), flour using domes
tic soybeans, thus eliminating the need for imports. With
this purpose in mind, we designed an extrusion cooking 

system with the assistance of a Canadian engineer and 
a )anish company. Unfortuinately, the equipment has 
not yet been installed. 

Erwin Kopp: Bruggmaftweg 44, 4242 Laufen, Switzrland. 
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Viable Alternatives for Processing Soybeans 
in a Variety of Situations 

Earl D Kellogg and Sheldon W Williams 

he expansion of human consumption of soybean prod-
ucts has been recognized as one area deserving further 
development in the effort to increase protein consulip-
tion of people in less developed countries. In parts of 
Asia, of course, soybeans have long been l)rocessed o0 a 
small scale and consumed directly by people. Generally 
the nutritional value of soybeans may be obtained more 
cheaply through direct consumption than through ani-
nial p)roducts derived froni soybean-fed livestock. There-
fore, the challenge of processing soybeans for human 
coiislillption in low income countries is to develop ac-
ci'ptable low cost soy foods that fit into people's food 
preparationi and consumption habits. This challenge ilv 
require various types of processing, as well as levels of 
Sophistication within each typ)e. 

'lie objective of this paper is to discuss alternative 
imethods of processing soybeans, situtions in which each 
might be appropriate, and the effects of certain variables 
on the economic efficiency of alternative methods. Imi-
tiilly we will discuss and compare viable processing alter-
matives appropriate in various situations. Then, factors 

affecting the relative economic efficiency aniong imethods 
will be analyzed. 'Most of the data presented in this 
paper ire subject to wide margins of error. They are 
given to indicate general directions and levels. However, 
we aie confideiit that iiost of the conclusions would 
remain the same after allowing for possible errors. 

VIABLE ALTERNATIVES FOR PROCESSING SOYBEANS 

An increasing number of viable alternatives are being 
developed for processing soybeans for hunian consump-
tion. Some of these alterrnatives are being adapted from 
techniques used for years by Asian consumers and pro-
cessors. Not only do new large-scale processing methods 
need to be developed, but also alternatives for small-scale 
processing need to be improved. In this section, only 
brief reniarks are niade describing the processes, the 
equipiment necessary, and the product. When known, 
references are cited for details. 

Home and Village Processing Alternatives 
For low income people to directly consume soybeans, 

home or village processing is probal)ly essential unless 
nutritive supplements are to be provided through mass 
feeding prograis financed by go'ernmental or charitable 
institutions. In most cases, the outlelch of these pro
grams is quite limited compared to the need. The mannu
facture of various fermented foods, such as miso, soy 
sauce, and tempelh. is one alternative for home and vii
lage processing (Martinelli et al., 196.1). Many people 
in Asia, particularly (hinese, Japanese, and Indonesians, 
consume large per capita amounts of these lroducts. 
The manufacture of soy sauce fornis an iml)ortant indus
try in Jaln and China, while tenipel production prob
ably provides partial employment for thousands of people 
in Indonesia. This process, in general, involves soaking, 
cooking, adding one or more fermenting agents, and 
extracting the desired product by various iethods. 

Soyinilk can also be made by a simple process of 
soaking and grinding yellow soybeis, adding water, and 
straining. Tests in the Philippines have shown that 80 
to 90 percent of the children and adults consuming soy
imilk mixed with sugar and vanilla indicated that it was 
acceptable (Bourne, 1971). 

Soybean curds, usually referred to as tofu, are nmade 
by adding mineral salts or acid to soymilk, which then 
coagulates into a curd. This makes an excellent source 

of protein for people who do not eat meat. The Chinese 
proverb, "Tofu is imeat without bone," is justified, since 

this soybean curd consists primarily of the protein matter 
of the soybean. 

Soy flour made fromi soaking, cooking, drying, dceliull
ing, and grinding soybeans can be used to make cereals, 
bread, milk and other products that have a higher pro
rein content than the traditionally nade products. The 
United States Department of Agriculture has developed 
a method of making so), flour where skilled labor, elec
tric power, and steam are not available (Mustakas et al., 
1967). Using this process, six men can make 136 kg of 

Earl D. Kellogg: Multiple Cropping Project, Faculty of Agriculture, Chiang Mal University, Chiang Mai, Thailand. 
Sheldon W. Williams: Department of Agricultural Economics, University of Illinois,Urbana, Illinois,U.S.A. 



soy flour in eight hours, enough to supply half the daily 
protein need of more than 1,600 adults. The required 
equipment, estimated to cost $280 (US$) in 1967, would 
probably cost two to three times that amount in 1976. 

In recent years small-scale extrusion cookers have been 
developed for on-the-farm processing of soybeans for 
swine, poultry, and other monogastric animals. The 
beans are fed through a pressure cookcir and then dis-
charged through a die to expand and cool. One avail-
able model can be operated from the power-take-off of 
a tractor or from an electric motor, and can process up 
to eight tons per day. A rough estimate of the cost for 
one model with insurance, freight, export preparation. 
ancillary equipment, and a 150-horsepower tractor Cie-
livered to the Philippines is $15,000 (Mingiez. 1975). 
The basic equipment was estimated to cost $5.000, with 
the tractor estinmated at $35.000. The annual fixed costs 
(depreciation, interest, taxes, and insurane) were 'sti-
mated at $14,500, about three times the value of tiecost, insurance, and freight of the equipment. Withcosts estimated $8.65oariabli the total costat per ton. 

a on.thetotasariblecost $865esimaed'~' ('istinhiibit 
per ton 	processedpate r2,400 (toinsTa b perl year would be $1-1.70t o 1 )111:n 
pr ton (Table I )fects.

This sinall extrusion cooker could be powered by a 
100-horsepower electric motor. Without tile tractor. this 
combination would involve a smaller investmnt (per-
haps $15,000 to $20,000) but would require lectric 
power of high voltage, and its mobility would be de-
creased. One question still unanswered is whether thisequipment is suitable for producing human food pro(-

ucts. Further testing of durability for continuous opera-
tion is also necessarv. If this alternative does prove ac
ceptable in terms of durability and processing, its use in 
less developed countries is promising because of loweroperating cots, smaller capital ingestment, and nobility 

as compared to the larger size expeller or solvent pro-
cessing equipiment. Tests of this equipment are currently 
being conducted at the Agricultural Engineering Depart
ment, Colorado State University in Fort Collins, Colo-
rado (Trbelhorn et al., 1975). 

Table I. 	Estimated Costs (U.S. dollars) and Output of Three 
Types of Soybean Processing Facilities, the Philip. 
pines, 1975 

SmnaIl 	 2ton/da I0-toni/day
Item extruder expeller solvent 

cooker (screw press) extraction 

Capital investment.. $45,01)00 S:31t),(t)l S3,000,tO
Annual tixed costs... 14,500 hi ,(ttt 551,t)00
Variable cost per ton H.65 22.71 10.00 
Yearly output at

capacity"......... 2,4t00 tons 6,t00 tons 30,tl1t0 tons
Product perton ofr w 
soybeansoil ............ ..... 


mneal .......... 1,96t1)lb 

loss ............ 4011) 


Shift operation of the cooker: 
Source: Minguez, 1975. 

:10) lb 36611) 
t ,660 1b 1,56611) 

111)lb 68 lb 

24-hinur operation for others. 
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Many of the oriental soy food products discussed above 
have a beany taste that may be objected to by con
sumers who are not accustomed to soy foods. However, 
the objectionable flavor can be minimized if soy flour. 
extruder products, and other types of soybean foods are 
properly prepared. Another possible problem of small
scale processing involves inactivation of the trypsin in
hibitor, which affects the ability of humans to realize 
the full nutritional potential of soybeans. Many of the 
sources discussing small-scale processing techniques indi
cate that soybeans would hav to be processed in certain 
ways to inactivate the trypsin inhibitor. However, Liener 
has made the following observations: 

Most of the work that has beei done with tryps iln 
hibitors has relatid to the action of these iiihibitirs. 
such as those from soybeanxs, on bovine tryvpsili. Bit 
more recently, expe riments have beI,'n mdertaken to 
see what effect trypsin inhibiors Ihave on hoiuman .tr
sin, a decli rconcern to iS. Sourprisingly timma try)siliis not inhibited by the sovlbea inhibitor. In addition.ovoiiuoid, which is tlli iihibitor in i'i..c' whie, does not 

lotin trypsin, and we know from tcsts wit li
iniit 111s ulb thpt (iv iii has no iets efj c t s t hlat o o il l lco id ha s no0d ele te r iou s e f-

From thf'se varuios lines of evidenc'., I an forced 
to conelt dr that tryvpSil inhibitors are really of little 
siwlilicani in humm nutrition (liener. 1972). 

'his issue needs to he setted because its resolution 1av 
affect the requirements placed o the kinds of processes 

that cah be developed for ho leand village so'hean 
canbm 

p cesstng. 

tese o-taethese small-scale pionprocessinga tetnoic isd omethods, ita iaetit is dlifficult to 

compare their ielative stretgths and weaknesses and to 
judge their viability in varios situations. More infornia
tion is required on investmentphysical 	 transformation costs, labor requirements,rates, and nmarket vailies of theproducts rodced. Howeei, tere dos appeai to be 
growin iteestregading imoproved snall-scaleptocess

ing methods. If nutrition prograims ainoitg to itc,'ease 
consumption of soybean products are trviilg to reach 
rural people, development of village soybean processing
methods 	must be an important consideration. For a large 
propoition of these people, access to products produced
by large-scale processing plants is quite limited. 

Larger Scale Processing Alternatives 
The alternatives discussed in this section involve sub

stantially higher volumes of input for one processing 

phitt than the village ot home processing methods. One
decision basic to large-scale soybean processing is whether 

to produce whole bean products or to extract oil and 
mieal separately. In countries that want to produce cook
ing oil or soybean meal for animal feed, processing 

almost inevitably involves oil and nieal separation. In
these situations, if the volune of soybeans is limited,
processing costs will be high. 

One of the most conililon processes for separating the 
oil and cake from raw soybeans is the expeller or screw 
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press method (Williams and Rathod, 1974). This in-

volves cleaning and cracking the beans, then adjusting 

the temperature and moisture content to appropriate 
levels before pressing to separate the oil and cake. This 
cake usually contains 4 to 6 percent oil. The expeller 
process is quite versatile in that (with some modifica-
tions) it can be used for babassu kernels, castor beans, 
copra, corn germ, cottonseeds, linseeds, palm kernels, 
peariit kernels, rapeseeds, sesame seeds, soybeans, sun-
flower seeds. and tung nuts. Since the expeller process 
is hess technically efficient for oil removal than is the 
sOlvent process (4 to 6 percent compared to less than 1 

ict!cent), some firns use the solvent process to remove 
residual oil in the cake. Expellers with recommended 
ancillary equipmIent purchased new from the United 
States involve substantial capital investments, roughly 
$300,000 for a 20-ton-per-day plant. Operating costs 
have been estimated for the Philippines at approximately 
$34 per ton of raw soybeans (Table I). 

Many Asian cities have expeller plants that process 

various oil-bearing materials. With some modification 
these plants could also produce soy oil and cake. Con-
version costs would differ significantly, depending on the 

location and type of equipment to be modified. 
ro be econonical, solvent extraction requires a larger 

volume of soybeans per plant than any of the other 
methods discussed. In this process the soybeans are 

cleaned, cracked, and flaked, then mixed with a solvent 
extrathat extracts the oil and leaves the meal. With 

care soy flour can also be produced. The technical effi-
removal is high, with residual oilciency in terms of oil 

in the cake being less than one percent. 
The initial investment for a 100-ton-per-day plant is 

about $3 million for U.S. equipment. Operating costs 

at 100 tons per day have been estimated at $28 per ton. 

lowever, these unit operating costs decrease as quanti-
ties processed increase to over 2,000 tons per day. In 

general, 100 tons per day is the smallest solvent plant 
that should be considered. It should be recognized that 
a plant of that size is clearly at a disadvantage if it is 
in olpn c'ompetition with large plants such as those in 

the United States. Because of high fixed costs and costs 
of start-up and shut-down periods, solvent plants should 
operate continuously to achieve lower operating costs. 
'This eans operating for at least 330 days per year for 


2.1hours a day. Power shut-offs or variations in power
in sonic areas, may

which occur frequentlyprovision, 
significantly affect the efficiency of solvent plants. 

Solvent extraction is a sophisticated operation requir-

ing higly skilled personnel, and the solvent, hexane, is 

explosive. Therefore, insome situations it might be use-

fil to attain a certain level of experience in less sophisti-

cated processing methods before operating solvent plants. 

Large-scale extrusion cookers offer another alternative. 
The process is similar to that of the small-scale extru-

sion cooker discussed in the village processing section. 
This process gives quick, high temperature cooking that 

results in a highly nutritive product with excellent flavor. 

A commercial size plant can process two tons per hour 
be much more versatile than the small-scaleand can 

extruder. Soybeans can be processed alone or mixed 

with other cereals to make flours, finger foods, meat 
extenders, and other products. Oil and meal are not 

separated in this process. 
Because of this versatility and quality of the products, 

there is much interest in extrusion cooking. Unfortu
nately for the developing countries beginning large-scale 
soybean processing, this method has some of the same 
drawbacks as solvent extraction. Commercial equipment 
with a capacity of two tons per hour, plus needed driers, 
coolers, and other ancillary equipment, requires a capital 
investment of approximately $1 million. Maintenance 

costs also are apparently high. As with solvent extraction, 
the extruder equipment operation necessitates highly 
skilled labor and a continuous supply of power. 

Comparisons of these large- and small-scale methods 
show substantial differences in capital investments, pro
cessing costs per ton at various capacities, and raw ma

terial requirements at optimum levels. Table I gives the 
capital investments, annual total fixed costs, operating 
costs per ton, yearly output, and physical transformation 
data for the small-scale extrusion cooker, expeller, and 

solvent processes. Table 2 contains estimates of the total 

processing costs per ton at various levels of annual vol

ume for these three methods, while Table 3 indicates 
the number of hectares of soybeans, under different yield 
assumptions, required to supply the processing alterna
tives with the raw material needed for one year's oper
ation. 

Solvent plants require large areas of soybeans to supply 
the needed raw materials. Depending on yield level, 

these plants require the total output from 20,000 to 

37,500 hectares of soybeans to supply a plant producing 
the minimum of 100 tons per day. If a large solvent 
plant is considered, i.e., 2,000 tons per day, the required 

area of soybeans increases to 400,000 to 750,000 hectares. 

Table 2. Cost Estimates of Processing Soybeans in Various
 
Facilities, Philippines, 1975
 

Cost of three processing methods (US$/ton)"
 

Annual Small
 
volume extruder 20-ton/day 100-ton/day
 

(ton) cooker expeller solvent extraction
 
Fixed Total Fixed Total Fixed Total 

30,000....... ... S 18 S 21)
 
15,000 ......... 
 :37 47 
6,000......... .$11 $34 92 102 
3,00.......... 22 45 113 193
 
2,400......... 6 $15 . .. .
 

44 6 37767 3671,4001,200 ................... 2 .. .. . .
.) .
 

"Underused existing equipment of a type not requiring extensive 
modification could process additional volumes of soybeans at 
variable costs per ton of $9, $23, and $10 for small extruder 
cookers, 20-ton/day expellers, and 100-ton/day solvent extrac
tion plants, respectively. Costs for transportation and handling 
are not included in these estimates. 
"Data not available. 



Table 3. Estimated Area of Soybeans Producing Various 
Yields Needed to Supply Processing Plants Operat-
ing 300 Days per Year at Capacity 

Soybean growing area (ha) required for 

three processing situationsYield 
(ton/ha) Small 

extrudercookercooker 
20-ton/dayexpeller 

100-ton/day 
solventsolveneof 

0.8.................. 
1.0 ...................... 
1.2 ...................... 

.5...................... 

3,000 
2,400
2,000 
1,600 

7,500 
6,0005,000 
4,000 

37,500 
:10,00025,000 
20,000 

Source: Minguez, 1975. 

In comparison, the expeller method and snall-scale ex-
truder cooker require only 4,000 to 7,500 hectares and 

1,600 to 3,000 hectares of soybeans, respectively. It 

should be emphasized that these calculations are based 
on the assumption that all the soybeans produced in the 

given areas are available to the processing plants. If 

farmers retain any of their production or market it to 
alternative uses, larger areas would be required. 

In comparing alternative processing methods, the con-
cept of economies of scale is important. In the long run, 
processors must recover their total cost of producing a 
ton of soybean products l or go out of business. There-
fore, they must not only recover their operating costs, 
such as power, containers, and labor, but must also con-

sider their fixed costs, such as insurance, loans for equip-
ment, and depreciation. Because of fixed costs, the cost 
of processing a ton of soybeans declines up to a certain
point as thee size off operation increases. Tile higher the 
initial investment costs, and hence the fixed costs, the 

larger the output level needs to be to produce a product 
at a cost competitive with other methods having lower 
fixed costs. Therefore, 100-ton-per-day solvent plants 
tlat produce less tian 15,000 tons annually have mbe
thatg rer leoss pethn15s smu-
higher -otal costs per ton compared to expellers, small-
scale extruders, or 30,000-ton-per-year solvent plants 
(Table 2). However, 100-ton-per-day solvent plants that 

can operate continuously for 300 or more days can pro-

duce a ton of soybean product at a smaller cost than can 
expellers. If this volume cannot be reached, expellers 
will be able to process as little as 10 tons per day for300 days a year at lower costs. At volumes lower than 
thi, ta sale trudwer cos. Atvoule lowetn 
this, the small-scale extruder cooker would be the lowest 
cost method, if it is proven suitable. 

A country or area just starting soybean production 
may not yet be using expeller equipment at full operating 

capacity or may lack a soybean volume of 30,000 tons 

per year. If this is the case, for the reasons mentioned 
to use expeller processing untilabove it might be best 

there is good evidence that an adequate volume of pro-

duction has developed and that the expertise needed is 

available to justify a substantial investment in new equip-

ment. This recommendation is further strengthened since 
many solvent operations cannot handle material of high 
oil content, such as peanuts, palm kernels, sunflower 

GENERAL SESSIONS-UTILIZATION 151 

seeds, and copra. If these materials must be processed, 
expellers will be required. 

In some Asian countries solvent plants have been used 

mainly to extract residual oil from the cake produced 
from mechanical expelling of groundnuts, cottonseeds, 
and so forth. It may be feasible to modify such plants to 

process soybeans, but doing so is likely to require outlays
several hundred thousand dollars for equipment to 

prepare soybeans for processing and for heat treatment 
of the meal or flour. -lowever, this may still be only a 

fraction of the cost of a new plant. 
Lack of information makes it difficult to compare the 

various alternatives for home and village processing. 

These methods are important since they may be ways of 

providing soy food products to large numbers of poor, 
isolated people. But while the plotential for increasing 
technical efficiency may he great, relatively little atten
tion is being given to that possibility. Tile small-scale 
extrusion cooker appears pnomising, but needs further 
testing in field operations. 

ECONOMIC EFFICIENCY AND CHOICE OF TECHNIQUE 
The concept of economic efficiency involves, in this 

case, choosing the processing technique (a combination 
of capital and labor) that entails the least cost for pro
ducing a given amiount of soy products. Therefore, eco
nomic efficiency is not the same as technical efficiency,

I 

wilu sI.py Tes tehical ffiienytrans mt 
input to output. Thus, technical efficiency, investnent 
costs, and processing costs per ton are not the only varables involved in economic efficiency. At first glance it 
might appear that solvent plants are the most efficient 
of all alternatives at volumes of 160 tons per day, using
48,000 toils per year, and producing soy products at $25 
8,0 tons I ve, and proingt 

per ton. However, these 48,000 tons, for exale, might 
rocessed by 20 small extruder cookers operating at

8 tons per day with processing costs that may be less 
than $25 per ton. This example may not be entirely 
valid since two different products result from the twomethods. 

Since each technique, and even specific designs withiii 

each method, involves different amounts of labor and 
eac hodinvolveshdiffeentams f abortan 
number of jobs at certain entails defining a certaincapital, choosing a techniqueskill levels. This choice then 
relates directly to considerations regarding labor and 
capital substitution, distribution of economic benefits, 
and appropriate technolo,', all of which are currently 

aorte tnd lonal w a r 
major concerns in development. 

The most economically efficient technique will depend 

on the specific situation. However, the effects of certain 

variables on efficiency and the choice of appropriate 

techniques are, in general, predictable and in some 

cases obvious, but occasionally they are overlooked. The 

following is a discussion of sone of these variables. 

1. The lower the price of labor (wages) relative to the 
cost of investment capital, the relatively more efficient 
labor intensive methods will be compared to more 
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capital intensive techniques. It follows then that as 
wages versus investment costs rise or fall, the most 
efficient technique would tend to be more or less 
capital intensive. 

2. 	 Technically more efficient techniques tend to be eco-
nomi callv iiore efficient, everything else being con-
stant. 

3. 	If one assunics that the mnore capital intensive tech-
nilIques are technically more efficient (as they often 
aie and that the price of input (raw soybeans) in-creases relative the price of output (soy products) , 

then these technically more efficient facilities will be-
conie relativey rnore economically efficient. 

. I llher iiiterest rates tend to make more labor inten-
si'e techniques relatively more efficient. These vani-
ahhs change ov'er tine and space. For exanple, 
lplants near large cities may face higher wages, lower
interest rates, and 'iHgher input costs than plants il 
more rural areas. These factors tend to favor morecapitll inensivIllehod.Tile 

capital intensive iiethods, 


Practices that alter or distort these variables may cause 
businesses to invest in facilities that differ from those 
that could process soybeans at a minimnal cost reflecting 
tie trie scarcity of resources. Uindervalued intervst rates. 
and overvalued exchange rates (which sIv;1', affect inm-
ported capital costs) . reinforced wNvl-i investimient credits. 
depreciation allovances, tar;ff rebates, and high mini-
1mum wages, tend to favot. miore capital intensive tech-
niqsies when the same amount of output could have been 
processed at lnwer real costs by more labor intensive 
methods O'icher et al., 1970). An intelligent balance of 
these .Fictors helps in the development effort by allowing 
the naxiinnin possible output to be obtained from a 
given amount of resources. See Timumer (1 973) for other 
examples. 

Even economically efficient operations do not provide 
sufficient answers for difficult, dynamic distributional 
issues. Suppose it were decided to change from a nore 
labor intensi'e technique that was previously most effi-
clent to a more capital intensive method that is presently 
more efficient (they ilay not always be). Certain factors 
(if production and possibly classes of people may experi
ence a private loss of income from jobs or capital owner-
ship. Others would gain, of course. This change may 
have caused as many as 50,000 people to lose their jobs. 
lowever. it may also have allowed food prices to be 

lowered for as mlany as 50 million. Therefore, merely 
fisding tihe most economically efficient techniques willf intsleproslems of incandefe itecniuts,
not solve problems of income and welfare distributions, 
but it is imiportant to the development process. 

CONCLUSION 

The data in Table 2 strongly suggest that choice of 
the best type of equipment depends largely on the vol-
ume of material to be processed. Also, as the variable 
costs on the bottom line of this table indicate, consider-

able cost savings may be realized by using existing equip
ment if it has excess capacity and can be used without 
extensive modification. 

The small-scale extrusion cooker with its low capital 
cost, high output, simplicity of operation, and product 
versatility may be particularly feasible in village areas 
with 3,000 hectares of soybeans. However, markets for 
extrusion cooked products need to be developed in most 
areas, and additional research is required to judge the 
capability of the extrusion cooker to produce human
food and withstand continuous use. It does not separate 
oil and meal. 

The expeller process does separate oil and meal, which 
have, in nin cases, well developed markets. It is versa
tile in terms of processing many kinds of raw materialsind is already in operation in many locations. Ilowever, 
if the expeller is purchased new, fixed as well as operat-

IN, high, and its technicali stsea relativeoi	 efficiency 

The sorveiprocessg istis technical]), tile iost effisolvent cient 
for removing oil. Its operating costs .re relatively low 

for output levels above 100 tons per day. 1lowever, to 
operate efficiently it requires large supplies of raw ma
terials as well as high investIient costs, experienced 
workers, and careful planning of plant location. At 
levels less than 100 tons per day, solvent plants involve 
high cost processing conipared to expeller plants.

Selection of appropriate soybean processing methods 
requires input from a number of people who understand 
various relationships and variables. Soybean processing 
technology is changing continually, and more attention 
is needed to improve the productivity of traditional 
techniques. Governments need to be sensitive to the 
environments surrounding poorer, relatively isolated peo
pie if these people are to have access to soy food products 
for improving their nutrition. The public sector also 
must realize the effects of policies regarding capital and 
labor costs on certain groups of people and on the deci
sions of businessmen in choosing the most profitable 
techniques. 
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Developing Soybean Markets in India:
 
Economic Aspects
 

K L. Rathod 

ile technological development of an industry must, of 
necessity, operate within a certain economic framework. 
Thus, a crop introduced on a commercial scale must 
serve the intended market. From the standpoint of com-
mercial production, soybeans can be considered a "new" 
crop in India. As such they must prove satisfactory for 
home and industrial use and also meet the cost require-
ments of the market. Before a viable market for soybeans 
can be developed, however, the following basic questions 
need to be answered: (a) what is the potential supply 
and demand for soybeans: (b)what are the obstacles to 
attaining the full market potential: (c) what are the 
opportunities for marketing soy protein products and 
what has already been done to realize these opportuni-
tit-,- and (d)what are some of the possible apl)roaches 
that merit greater attention. 

POTENTIAL SUPPLY AND DEMAND FOR SOYBEANS 

Supply 

Extensive trials during the past decade indicate that. 
particularly in north central India, soybean yields are 
high enough to warrant cultivation on a large scale. In 
many parts of the country agro-cliniatic conditions do not 
appear to restrict production. (;iven an active, sustained 

promotion, it has been estimated that the states of 
Madhya Pradesh and Uttar Pradesh alone are calpable 
of growing approximately 2 million hectares annually 
(Williams et al., 1974). Experimental evidence also in-
dicates that other Indian states have the capability to 
produce soybeans on a commercial scale. Soybeans cal 
be raised as a cash crop to replace low-value crops such 
as local jowar, low yielding pulses and millets, indigenous 
maize, and perhaps low yielding upland rice. 'lhey can 
be intercropped with cotton and sorghum or planted as 
a substitute for low yielding mandua (ragi) in the hills, 
As a spring crop soybeans can be planted after the liar-
vest of early potato, toria (lahi), sugar cane, and so 
forth, or as a mixed crop with sugar cane planted in the 
spring. Land now left fallow during the Kharif season 
can also be sown to soybeans, 

All the available evidence indicates that soybeans, 
which are rich in oil and protein, can be produced in 
India on a large scale without appreciable reduction in 
the supply of traditional oil-seed crops, such as ground
nut and cotton seed. Clearly, the supply potential ap
pears to be large enough to support the needs of a 
developing market. 

Demand and Market Outlets 
Using available information, we can make some crude 

estimates of future market outlets. These estimates as
sume that soybeans are priced competitively with ground
nuts and that soy products are all prime quality and. 
again. priced conpetitively with groundnut flour, pro
tein isolate, dried skim milk. casein. and so forth. 

There is no immediate prospect for using soybeans for 
direct consumption after cooking or traditional, home 
processing. Because of the scarcity of oil, however, there 
will be a strong incentive to process soybeans for oil and 
meal. rhe utilisation pattern of oil and meal will de

termine to a large extent the immediate market for soy
beans in India. 

l.)uring the late 1960's soybean oil imports averaged 
nearly one million metric tons per year, that is, the 
equivalent of 5 million tons of raw soybeans. Because 
soybean oil is more expensive to process and has a rela
tively shorter shelf life than groundnut oil, it will sell for 
about 10 percent less than groundnut oil on the open 
market. 

Soybeans aire commonly used as a source of nitrogen 
for streptomnycin fermentation in India and were im
ported for that purpose in the past. The pharmaceutical 
industry has now switched to the purchase of full fat 
and defatted soy flour, which are currently available on 
the market. At present the industry requires about 4,000 
tons of flour. Indian l)rugs Pharmaceutical Ltd., Rishi
kesh. alone needs 1,500 metric tons of full fat and 500 
tons of defatted so), flour. All the pharmaceutical fac
tories have been licensed for expansion, and ultimately 
will provide a market for between 10,000 and 12,000 
tons of soybeans. 

K. . Rlthed: Department of Agricultural Economics, G. S. Pant University of Agriculture and Technology, Pantnagar, India. 
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If properly processed and favourably priced, soy pro-' 
tein foods have a good potential market. Certain so-
phisticated, high-protein soy products, such as soy pro-
tein concentrate and soy protein isolate, have desirable 
organoleptic and functional qualities, although they will 
probably be too expensive for widespread use in India. 
Soybean flour, however, is a simply processed, compar-
atively cheap source of high-quality protein and is ac-
ceptable to consumers (lRath od and Willians, 1973). It 
has a wide variety of possible uses in breads and biscuits. 
weaning foods, balalar (a reinforced dietary supple
neat), fortified flour. confections. and snack foods. The 
demand for soy flour" is likely to reach between 3,000
and 3,200 metric tons per \ear, or approximately 10 

tons per day. 
The demand for defatted soy meal for use in textured 

vegetable protein may be stretched from the present level 
of 200 tons to between 1,500 and 1,600 tons annually by 
tie installation of an X-155 extrusion cooker. At present 
an X-25 extrusion cooker is in use. but the Soya Produc-
tion Research Association, a joint venture of the Nave 
Technical Institute. Slhajahanpur, and (. B. Pant Uni- 
versity of Agriculture and 'echnology, Pantnagar. plans 
to install the larger cooker in the very near future. 
So beverages appear to have tremendous possibilities, 


either as a high protein drink or for blending with cow 
or buffalo milk. 'lhe soymilk process patented by the 
Univ-rsity of Illinois and G. B. Pant University of Agri- 

culture and Technoogy,, Pantnagar, may take some time 
to be developed commercially. Within a few years, how-
ever, the quantity of soybeans used for beverages or milk 
extenders may well reach 2.500 to 5,000 tons annually. 
Thus, within a five-year period the demand for soybeans 
for hunman food nay amount to 7,000 to 10.000 tons 
annually. 

A small quantity of soybean ieal could be used in 
mixed feeds in India. At present the estimated produc-

tion of mixed feed is about 300,000 toils, one-third of 
which is used for poultry. Although production of mixed 
feed is expanding, at tie current rate of production if 
soybean meal comprised 20 percent of all the mixed feed. 
this would provide an annual outlet for about 60,000 
tons of soybean neal containing 50 percent protein. This 
is equivalent to the annual meal production of one sol-
vent extraction )lant processing 200 toils of soybeans 

per day. 
With 10 to 15 percent of the soybezn crop retained for 

use as seed during the subsequent growing season, cou
pled with export outlets, these market demands for pro-
cessing rraterial ray sustain India's ambitious pro-
granme of 430,000 hectares of soybeans by 1978-79. 

CONSTRAINTS ON ATTAINING POTENTIAL MARKET 

Examined in terms of potential supply and demand, 
the slow expansion of soybean hectarage (Table 1) indi-
cates that the programme is encountering problems. 
These problenis ('an be grouped into three broad cate-

gories: (a) stimulating production at the farm level, (b) 
encouraging industries to invest .insoybean processing 
at an economic level connrensurate with the needs of 
growers and consumers, and (c) developing between 
growers and the processing plant a marketing organiza
tion and marketing practices conducive to the economic 
development of both parties. These prol)lems ar'e inter
related. We shall examine a few of the important eco
nomic aspects that Iave a vital bearing oin the s) leall 
progranmme in India. 

Quality and High Price of Seed 
The quality and the high price ,of seed a re ;aiio g

the major carses of diflicuties encountered ill fultillirg 

)roductions goals. Soybean seed quality includes several 
important attributes, viz., genetic purity, physical purity. 
gerrninability, and seed vigour. The inajor. chronic seed 
quality problems in India are gerrinability and viaibilitv. 
The use of poor quality seed has, in part, contributed to 
low yields. The problem of quality is of paramount in
portanre in comnercial soybean seed production. The 
cumulative effect of seed quality problenis and their con
sequences encountered incomnercial production has re
suted in a "feast and famine" situation. Although the 
potential demand for certified seed in India far ex
('eeds the current supply. the actual deniand is less and 
has, in fact, shrunk since 1971. 
The risk and uncertainty combined with tire greater 

care required in handling, processing, treating, and stor
age do not permit the seed industry to market seed at 
a price the fariners can afl'ord at the present level of 
yield and financial return from soybeans. Thus, the high 
cost of seed, relatively and returns fromtlh.e low yields 
soybeans, avd commercial market constraints existing 
at tire prent do not provide an adequate incentive to 
farmers to use certified soybean seed on an extensive 
scale. 

Except during the introductory plhase of India's soy
bean programme, the use of certified seed has been 
insignificant. Planting with certilied seed declined froil 
38 I)er'ent of seeds sown in1971-72 to -1percent in1971
75. The extensiv' use of poor quality seed has contrib
uted to the low yields obtained from fartners' fields. Tihis 
has resulted in a vicious circle that adversely affects lpro
duction and the comnmercial base of soybe.ans in India. 

Table 1. Area Planted to Soybeans in India, by State 

State 

1971-72 

Mladhya Pradesh.. 7,690I 
Unar Pradesh .....5,890 

Maharashtra .....Ii,160 

Gujarat ......... 511( 
Karnataka........... (,) 
National total .....32,320 
Data not available. 

"No production. 

Area planted (ha) 
1972-73 197:3-74 1974-75 1975-76 

16,0501 25,260 :19,710 54,380 
15,060 20,4611 25,3701 37,960 

1,311) 1,0io 4110 320 
1,270 5110 1120 (a) 

(b) (h) 171) 170 
33,690 47,370 64,750 92,830 
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Competitiveness of Soybeans 
The cultivator's choice of crops depends upon the 

advantages to be gained from raising a particular crop. 
The competitiveness of soybeans with other crops would 
be governed to a large degree by the production per 
hectare and market price of soybeans. The yields per 
hectare obtained from research and demonstration plots 
have been high. Yields from farmers' fields, however, 
have not been satisfactory. In Madhya Pradesh, for ex
ample, the break-even yield is about 10 quintals per
lieciare. The price that farmers receive for soybeans is 
primarily a function of the market value of soybean 
products. In India there are indications that, at least 
until the time when industry uses considerable quantities 
of soybean meal and cake in food manufacture, the 
price level of cake and meal will be closely related to 
the price levels of groundnut cake and meal, which are 
in turn influenced by the export market. The price of 
soybean oil will be determined largely by the price of 
groundnut and other leading vegetable oils for domestic 
use. Between 1972 and 1975 price estimates for soybeans. 
based on tile market prices of oil and meal, were very 
similar to the actual market prices of soybeans. When 
the soybean yield is more or less stagnant, the competi-
tiveness of soybeans is governed to a considerable ex-
tent by the immediate value of the oil for hydrogenation 
and of the cake and meal for aninmal feed. In the unstable 
oil-seed economy, fluctuating prices of oil, cake, and meal 
over the years account for significant variations in the 
ability of soybeans to compete with other crops. 

The question of paramount importance is whether 
competition for markets similar to those used for ground-
nut products can initially provide a basis for producing 
soybeans on a large scale in India. The expansion of 
farm productivity and the development of an adequate 
marketing system are interrelated. At the farm level the 
realization of a production technology that reduces 
costs and enhances output, in addition to initial price 
supports at a favourable level, may be crucial in deter-
mining the basis of the soybean programme in India. 

Investment and Risks in Processing 
The high price of vegetable oil in India provides a 

strong incentive for processors to extract oil from soy-
beans. Consequently, it is reasonable that oil extraction 
should become the basic soybean processing industry. 

With tile technology now available, important econ
omies of scale (Table 2) may be obtained by the estab-
lishinent of new soybean processing planlts. To operate 

at a reasonable profit, a plant should have a production
capacity of at least 100 nietric tons per day, although risk 

considerations tend to make industry favour a plant with 
a capacity of only 50 tons per day. Uncertainty with re 
gard to the soybean supply and the large capital outlay 
discourage investment in new processing facilities. Even 
in India, where bulk handling and other highly reecha-
nised operations may be out of the question, a plant pro-
cessing 50 tols per day requires an estimated capital out-

lay of 5 to 6 million rupees (US$572,500 to $687,000). 
A versatile plant appears to have much better com
mercial prospects than a plant engaged solely in soy
bean processing. Expeller plants, selling oil to the regular 
market and cake to the livestock feed industry, can 
process soybeans. With suitable modifications, they can 
produce flour of an edible quality as well (Williams and 
Rathod, 1974). 

A fundamental problem of the industry lies in genera
tion of the confidence basic to full growth of the in
dustry. On the one hand, cultivators are reluctant to pro
duce soybeans unless assured a dependable market at a 
price they consider remunerative. On the other hand, 
processors want evidence that adequate and regular crop 
production will develop before they establish expensive 
processing facilities. Although some measures have been 
taken to alleviate the problem, expansion of the industry 
has been limited by lack of the needed mutual confidence. 

MARKET OUTLETS FOR SOY PROTEIN FOODS 
Examined in the light of nutritional needs and pro

grammes in India, soybeans should be regarded as a 
protein crop rather than an oil-seed crop. From this per
spective soybeans offer an immense challenge to entre
prenrs to produce so protein food products in the 
forms consumers will accept. The manufacture of soy 
foods is beginning to interest the food industry. We syall 
examine three products, viz., so), flour, soy bev'erage, and 
vegetable protein, that have had an initial, favourable re
sponse from the industry. 

Soy Flour 
Soy flour, both full fat and defatted, is being used in 

bakery products, such as bread and biscuits. Bread pro
duced by the various units of Modern Bakeries is now 
enriched with defatted soy flour, as well as with vitamins 
and minerals. Modern Bakeries is also producing a spe
cial bread, containing as much as 12 percent defatted so), 

flour, for the nutrition programme of the Social Welfare 
Department. During the period from April to )ecember
1975 190 tons of Balamul, a soy-reinforced weaning food, 
were produced. During 1973-74 approximately 60 tons of 
soy flour were used in Balamul and during 1974-75 150 

Table 2. Investment, Processing Cost, and Returns on Invest
mentCapacitiesof Soybean Processing Plants of Different 

Capacity Investment Processing Percent 

(ton/day) e00,000 cost per ton return on 
- rupees) (rupees) investment 

50 ....................... Rs32 Rs94.4 5.8 
100 ....................... 50 73.5 24.4
250 ...................... 100 56.5 48.8
500 ...................... 18) 47.6 70.5
 
750 ...................... 250 43.1 85.2
 

1,000 ...................... 330 41.5 87.1
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tons. In the Government's balahar programme 250 tons where meat is in short supply. They can also serve as a 

of soy flour were used in 1974-75 and 1,500 tons in total meat substitute for people who cannot afford meat 
1975-76. or who are vegetarian by custom. Compared with whole 

milk, mutton, and eggs, textured soy products p)rovide 
Soy Beverage low-cost protein (Table -1). 

A pilot plant processing soymilk at Pantnagar has dem- The Soya Products Research Association markets on 
onstrated tile uses and the potential for such an enter- a commercial scale three soy-based products, viz.. 'I'SP 
prise in India. At Pantnagar and in the surrounding areas (textured soy protein), Protesnac, and Protein-plus. 
the sale of soymilk beverage indicates favourable con- Among these products, TSP preparations constitute the 
sumer response. A commercial plant with a capacity of major sales items and have been growing in popularity 
10,000 liters per day would require a capital investment since they were first introduced. Consumers have re
of Rs2,861,000 (about US$327,500). Based on cost and sponded favourably to TSP chunks and granules but 
return estimates, the rate of return on the investment for not to TSP powder. The sale of Protesnac, a ready to eat 
a plant this size operating 300, 200, and 150 days a year snack made from defatted soy, flour and rice, increased 
would amount to 64 percent, -13 percent, and 26 percent, from 4 tons in 1972-73 to 19 tons in 1974-75. Protein

respectively (Table 3). The seasonal nature of the plus, a weaning food, has yet to be established on the 
demand coupled with the time lag involved in the market. Il general, consumer response to textured soy, 
market build-up may initially restrict the operational pe- products has been good. with a total of 172 tons of such 
riod of such a plant to between 150 and 200 days a year. products sold in 197.1-75. 
There is every reason to believe, however, that an en
terprise based on tile production of soymilk and soymilk APPROACHES TO BE CONSIDERED 
products can be commercially exploited. Given this response, the following courses of action 

Textured Soy Products 	 merit consideration: 

The uses and advantages of textured vegetable po- 1. There is a need to link soybean market operations with 
tein in India are ii'iiny. .s meat extenders, either mixed those of related foods and livestock feed. An estab
wit:, raw meats or added directly to curries and soups, lished, versatile plant has far better commercial 

textured soy products can play a valuable role in areas prospects than does a new, conpletely separate en
terprise based on soybeans. 

Table 3. Annual Profit and Return on Investment of a Soy- 2. Il the long run, tile future of the soybean develop
in India depends upon the pricemilk Processing Plant with 10,000-Liter Capacity ment programme 

incentive provided by the product. To promote the 
Planned development of the new industry, tile Government 

production Annual profit (rupees) by 
days per year of operation can stimulate production, facilitate the orderly mar-

Product level 
(liters 15(- 20 300 keting of soybeans, and encourage processing and 

per clay) consuml)tion. To market most soy protein foods suc

cessfully 	will take time, heavy financial expenditires,Soymilk 
(unsweetened). 3,000 Rsl03,000 Rs138,000 Rs207,000 promotion, and ingenuity. \Vith active governmental 

Soymilk support, it should be possible to use substantial 
(sweetened) ..... 6,000 237,000 516,000 774,000 

Soy ice cream ...... 500 256,000 342,000 513,000 quantities of soy " protein by subsidised distribution 
Soy curd .......... 500 41,000 55,000 (2,000 through public feeding, food fortification, and welfare 

Total ........... 10,000 637,000 1,051 ,t)00 1,576,000 programmes. 

Percent return on 3. Expansion of nutrition research and of both basic and
investment ....	 26 43 64 adaptive research in food technology is needed in 

order to investigate thoroughly the economic and 

Values of Soya Products marketing aspects of developing 	 outlets for soybean
Table 4. 	Comparison of Nutritive 

Research Association Soybean Food Products with protein foods. 
Other Foods 

Grams protein or total 	 LITERATURE CITED 

Rathod, K. L., and S. W. Williams. 1973. Acceptance of soy-
Food 	 Cost nutrients per rupee

(rupees/kg) Protein Total bean-enriched wheat flour for use in Chapatis. Ind. J. Nutr. 
nutrients Dietet. 10: 18-26. 

Williams, S. W., and K. L. Rathod. 1974. A case study of ex-
Milk ..................... Rs2.75 13.10 44.36 peller production of soybean flour in India. Univ. Illinois, 

12
Mutton ................... 12.00 11.22 24.17 Urbana (INTSOY Ser. 3). p.
 
Eggs (20 kg) ............... 9.00 12.44 26.80 Williams, S. W., W. E. Hendrix, and M. K. von Oppen. 1974.
Textured soy protein ........ 15.00 34.67 60.67
 
Shaktiahar ................ 5.50 71.49 165.44 	 Potential production of soybeans in north central India. 

Univ. Illinois, Urbana (INTSOY Ser. 5). 21p. 
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Soybean Rust: Summary of Available Knowledge 

K R. Bromfield and Charles Y Yang 

This symposium brought together for tile first time a 
sizable, international group of scientists concerned with 
soybean rust and its importance in soybean production. 
Panel members from India, Taiwan, Thailand, Indo-
nesia, Australia, the Philippines, and the United States, 
and conference delegates from these and 14 other coun-
tries shared information and ideas about soybean rust 
and its control. 

Dr. Yang opened the symposium with slides and com-
mentary on the general distribution of soybean rust; 
diagnostic symptoms and signs; salient features of the 
host range, mycology, and biology of the pathogen. 
Phakopsorapachyrhizi Syd.; field, greenhouse, and labo-
ratory techniques useful in studying both the fungus and 
the disease; breeding for resistance; fungicide tests; and 
specific problem areas warranting discussion by 'tile 
participants. 

GEOGRAPHICAL AND SEASONAL APPEARANCE 
To further define problems and form a common base 

for discussion, each participant commented briefly o the 
geographical and seasonal appearance of soybean rust 
and its importance within his country. 

In Australia the pathogen was first collected from soy-
beans in 1934, but serious proportions were not recorded 
until 1970-71. Subsequently, rust has been recorded at 
coastal and subcoastal sites in Queensland and New 

° South Wales (170 to 33 S.). Infection has been re-
ported occurring as far as 200 kilometers inland in 
southeastern Queensland. In the absence of chemical 
control measures, soybean rust may be limiting to soy-
bean production on the Atherton Plateau i'n northern 
Queensland. No precise measurements of yield loss due to 
the disease have been made. Estimates of losses up to 60 
percent have been recorded, and one case of total loss 
at Redland Bay near Brisbane occurred in crops not pro-
tected with chemical fungicides. 

In India soybean rust has been noted during the rainy 
season in Uttar Pradesh and West Bengal. It was ob-
served for the first time on soybeans at Pantnagar in 
1970. Soybean rust was not apparent there during 1971, 
but some rust occurred late in the season in 1972 and 

In Indonesia approximately 80 percent of the soybean 
crop is grown on tile island of Java. Soybean rust oc
curs throughout Java, but is thought to he more common 
and more severe in western Java, the region of the island 
that has the greatest number of rainy days and the high
est total rainfall. Soybean rust is considered the most 
serious soybean disease in Indonesia. Observed yield re
ductions have ranged up to 81 percent. 

In the Philippines rust became especially serious in 
1970, although it was known before then. The iiionthis 
of peak incidence are )ecember and January on Luzon, 
and August (dry season) on 'Mindanao. L.osses ranging 
from 20 to 30 percent are coi1moi, and on Mindanao 
rust is at present a limiting factor ii commercial soybean 
production. As soybeans become more widely cultivated 
in the Philippines, an increase in the importance of the 
disease is expected. 

In Taiwan rust is considered the most serious soybean 
disease. It has been a significant economic factor since at 
least the early 19 6 0's. The disease, which occurs on crops 
sown in tile spring, summer, and fall, is most sev'ere 011 
the spring-sown and fall-sown crops. In both crops rust 
may occur within 30 days after sowing. Losses up to 50 
percent may be observed, although fungicidal application 
will reduce such losses. 

In Thailand, also, rust is considered the most serious 
soybean disease. First reported in 1966, it occurs in all 
major soybean production areas of Thailand during the 
main growing season, July to November. It is most 
prevalent and severe. however, in September and Octo
her, the months of most frequent rainfall. Soybeans 
grown during the dry season (January to April) may also 
become rusted, usually from March through April, but 
the rust is less severe than in the wet season. Representa
tive, dry season losses are between 10 and 15 percent for 
the adapted Thai varieties Sj 1 and SJ 2. 

In the United States investigations of the pathogen 
and the disease are being conducted under conditions of 
absolute quarantine within the contaimnent facilities at 
the Plant Disease Research Laboratory of the United 
States Department of Agriculture (USDA). Rust has not 
been reported on soybeans in the United States, nor else

1973. It was severe in 1974, but absent in 1975. where in the Western Hemisphere. 
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BREEDING FOR RUST RESISTANCE 

The consensus of the participants was that tile search 
for genes conferring resistance to soybean rust must be
intensified and broadened and that efforts to incorporate 
resistance genes into adapted and high yielding lies 
should bieexpandedn adaccelerated. iwo types of re-
sistanc e now recognized: specilic (vertical) and gen-
eial (horizontal. 

Specific resistance has been observed in the field and 

confirmed in the greenhouse in Australia and observed 
in the field in India. Progeny of crosses involving P.1. 
200-192 and varieties 'I'ainung 3 and Tainung 4 (de-
rived from P.I. 200492) react to the Australian rust 1p-
ulation at Brisbane in one of three ways: (a) by produc-
ing normal sporulating rust lesions, (2) b)1producing 
lesions with no sporulation (hypersensitive reaction), 0r 
(c) by not forming lesions (immune reaction). Similar re-
actions have been noted oi material at Pantnagar, India. 
In contrast, all genotypes including P.I. 200492, 'I'ainung3,tadrcenly''aimg l~sevedat VR1C i Ta-

3i,and'Iaiung -1 recenitly observed at AVRI)C im Ii-
wan have produced only the sporulating type lesion 
(susceptible reaction. ''his was attributed to racial dif-fereincepoulaton.resistancein he pthogn 
ferences inthe pathogen population

R~ec e n t re su l s o bta ine d a t the U'SI)A 's P lan t D isea se 

Research L,aboratory confiriui this view. Sets of plants 
consisting of 'ai iiung 3,'l'ainung -4,P.I. 200492. X7 
1153001 (progeny of P.1. 200492 x Ogden), Ogden. and 
Vayne were inoculated with uredospores of rust isolates 

obtained friom Redland Bay, Australia: P'antnagar. India: 
and laiwan. II those sets inoculated with the .\ustralian 
isolate, O)gden and rWayne produced sporulating lesionsa ' s 
of tile susceptible type, but tile other four genotypes were 
imuniune, that is.showed no macroscopic evidence of 

lesions. Identical results were obtained in those sets 

inoculated with the Indian isolate. IHowever, in those sets 
inoculated with the 'I'aiwan isolate, all six genotypes pro-

duced sporulating lesions of the susceptible type. 
()lserv;i:..::; iiade hv workers in many areas indicate 

t isource
that accessions vary inthe aniount of rust that develops 

among thein when they are subjected to the same inocu-
luIn load under the saime environmental conditions. 'lhus, 
accessions vary inthe degree of general resistance they 
possess. It is usually conceded that this type of resistance 
depends on the cumulative action of a large number of 
genes. ''his presents a difficult situation for the breeder 
attempting to incororate general resistance into desir-
able agronomnic types. Iack of a standardized rust assess
nient method has led to some confusion in identifying 
lines with usable degrees of field resistance, 

Breeding for rust resistance is underway in all the 
Eastern lemisphere countries represented by the par-
ticipants. II Australia I..200-192, Tainung 3, and 
''ainung .fare being used as rust-resistant parents in 
various crosses. TlIe inheritance and the mechanisms of 
resistance are being studied. Five additional lines (P.I. 
219653, P.I. 22.1268, P.I. 227687, P.I. 229358, and IY' 
2217) have shown resistant reactions at the University 
of Queensland and are being used in various crosses. 

At Pantnagar immune lines and lines termed "moder

ately resistant" (nonsporulating lesions present) have 
been identified, as well as lines with general resistance.Among the lines reported to possess specific resistance 
are UPSI-18, UPSI-85, USPS-91, UPSM-168, PK 71
39, PK 73-84, PK 73-94, and the variety Ankur. 

At Bogor in Java varieties with detectablP levels of 
general resistance are Arosoy (P.1. 86736), ISI 1)2 , San

kuo, Jagus, Bilomi-I, Klungkung, and No. 842 (Ohito 
u Mts 

ulated with uredospores, accessions No. 986, atsuura, 
and No. 1312 (P.1. IIS/2) were rated resistant. Subse

(kidaizu). I test inwhich potted p were inoc

quent crosses between No. 986 and Orba, a high yielding 
variety, produced F.2 plants with high rust tolerance and 
high yield. 

In the Philippines 'J'ainung 3, Tainung 4, L-11, and
[K 5 are reported to possess generalized field resistance 
to the r porulatio in t enity fiosi 

to tie rust ula tnie er plas oflletionh 
Ibenaaiwan al extensive germ lasmicollection has

been assembled at AVRZI)G. T'his material is p~lanted in 
nurseries and inoculated artificially to ensure a rigorous 

rust ha een idetectale deree oehave beeni identified. TIhese are being crossed 
in various ways in order to combine the different resisa c g e s di Ip r e i t e v r o u g n ty s i t o h h 
tance genes dispersed indie various genotycces into high 
yielding types with desirable agronomic characteristics. 
In a recent AVRI)C screening of the USI)A's germn 

1)lasm collection maintained b, Dr. E. E. I-Tartwig, P. 
230970, P.1. 230971, and P.I. 371609 were observed to 
have a high degree of general resistance in addition toother desirable characteristics.ohrdsrbecaatrsis

Breeders in Thailand have crossed 'Fainung 4 with the 
local varieties S I and 5 2 and have obtained lines 
with enhanced s sIsanSelect ed lines 

1)rogr~am are exp~ected to be available soon for generalreleas ine Thailand. 
release in T ticaiand. 

Symposium participants expressed concern about the 

present, wideslpread dependence on P.1. 200-192 as tie 
of genes for both specific and general resistance. 

Additional sources of resistance genes are urgently
needed. The induction of rust-resistant mutants by ra
diation is an avenue warranting enhanced research 
effort. It was pointed out that success in finding resistant 

mutants will depend mainly on the effectiveness of the 
screening techniques employed for their detection. 
ADDITIONAL RUST CONTROL MEASURES 

Chemical fungicides are being investigated wherever 
soybean rust is economically damaging. Of the large 
number of materials and formulations under test, zinc 
ion-maneb complex, benomyl, and oxycarboxin were 
frequently mentioned as having potential for effective 
control. It was recognized, of course, that the feasibility 
of using any fungicide must be determined within a par'
ticular cropping system at a particular location because 
locations differ in physical, biological, meteorological, 
managerial, economic, and other factors. 
A fungal species in the genus Darluca has been ob
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served parasitizing soybean rust pustules in Indonesia. INTERNATIONAL WORKING GROUP

Perhaps this hyperparasite and others that exist
may Precise information on losses caused lw the disease
have potential as biological control agents for soybean meagre at the present time. Valid information oil yield 
rust. 

losses is needed by tile grower to enable him to make 
sound decisions. Such information is also needed hv thoseBIOLOGY AND LIFE CYCLE seeking funds for research l)rojects relevant to tie dis

)iscussion of the biology and life cycle of the rust ease and its causal organism and Iy those establishing 
pathogen revealed many gaps in our knowledge of the research priorities within regions or countries.organism. .\lthough P. pachyrliizi produces teliospores, Infornmation presented during tire soybean rust syn1
no one has reported their germination. Therefore, it is posium made the fact clear that rust is a serious threat 
not known whether the rust is autoecious and completes to soybean production in Asia, Oceania, and potentiallv
its life cycle on soybeans, the uredial host, or whether it to other regions of the world. It is a disease about whicl
is heteroecious and requires air alternate host to com- we must learn aI great deal more as quickly as possible.
plete its life cycle. h'lhedistinction is of more than aca- To this end, two additional informal meetings were held
demic interest. Strategies to reduce the formation of new to discuss cooperative research on soybean rust. InI addiraces would differ markedly if tie rust were heteroecious tion to fostering a valuable exchaige of infornwtion oilrather than autoecious. Similarly, the source of the pri- research results. techniques, and approaches. these meet
triary inoculurn that initiates anI infestation in a new ings produced three tangible accoin)lishments: (a)
planting or in a new cropping season would be expected agreement ont a method for evaluatintg and recordingto differ if tire rust were autoecious or heter'oecious. .\t rust severity in the field, 1)) formulation of plans to send 
present we do not know for certain the source or sources seed of elite breeding materials to researchers at sitesof primary inoculuin. Although races of P. paclhrhizi throughout the Asian area for rust screening, and (c')
have been demonstrated, no standardized scheme for organization of the International Working Group oi
their identification has been developed. .\ knowledge of Soybean Rust.
 
the range of pathogeticity within the rust 
 ol)OIa tionit antd 'hle purpose of t'he soybeai rust workers' group is to
the geographic distribution of genes for virulence is cu- stimulate developlent of scientilic infornmation tti soycial to the development of scheies foir the rational de- bean rust and to provide a ieans for the rapid, world
ploviient of resistance genes within the soybeanl wide dissemination of research results and materials
iO,)t,lIltioll. among those scientists whose assignltents and interests

A remarkable feature of tie soybean rust fungus is its encompass aIy aspect ofability to parasitize species in a ther large number f semination of relevant 
the rust probleni,. Initially. disinformation will be made through 

leguie genera. At least 17 genera contain one or more publication of a newsletter. 'T'le first newsletter will dis
species on which sporulation of the pathogen has been cuss the newly developed, standardized rtust assessmentreported. Further exploration of the host range should be scheme, provide guidance for its use, and present suggesmade, and tie role, if aty, that alternative hosts play i tiots concerning the testing of soybean ateiials to bethe perpetuation of the fungus and initiation and devel- provided to members of the workers' group for rust 
opment of epidemics should be determined. reaction observations. 

Field observations indicate that temperatures above Elected officers of the International Working Group30C tend to decrease sporulation. Whether this is be- on Soybean Rust ate Charles Y. Yang, cairni K. I. 
cause of temperature alone or because of ati interaction o mfiean vic e h chairman: KR . 
between increasing temperature and decreasing atmno- sere i ans 
spheric relative humidity in the phyllosphere remains to secretary.
be determined. Reports indicate that heavy rainfall and
 
overhead irrigation reduce sporulation, but agaill tihe Symposium Panel Members:

mechanism remains unknown. Numerous examples of 
 K. R. Bromfield (Moderator)

this sort point to the need for quantitative studies oti 
 the Plant Disease Research Laboratory
efTect of environmental factors on rust development arid U.S. Department of Agriculture 
sporulation. Frederick, Maryland, U.S.A. 

A curious parallel in rust development at Brisbane,
Australia, aird at Pantnagar, India, was revealed during C. Y. Yang (Organizer)
discussions. In both locations rust was insevere 1970, Asian Vegetable Research and )evelopment Cente'
light or not apparent in 1971, light in 1972 and 1973, Shanhua, 'ainan 
severe in 1974, but light or absent in 1975. Whether this Taiwan, R.O.C. 
was sheer coincidence or can be related to some large
scale environmental cause is currently open to specula- D. E. Byth
tion, but again our lack of understanding of factors lead- l)epartment of Agriculture
ing to epidemic outbreaks or, conversely, to suppression University of Queensland
of rust development is revealed. Brisbane, Australia 

i 
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Biology and Control of Major Insect Pests 
of Asian Soybeans 

Introduction 

MichaelE Invin 

Asian-grown soybeans are plagued by large numbers 
of diverse insect pests, partly because of the tropical to 
semitropical setting of much of Asia, but mainly because 
Asia is the home of the soybean. Many insects have 
evolved with soybeans and have moved freely from area 
to area as soybean cultivation has expanded. 

If one were to categorize in order of importance the 
insect pests of Asian-grown soybeans, one would surely 
list first the complex of lepidopterous pod borers, becaus, 
they destroy the seeds directly. Another important group
of pests are the stink bugs (Icedpter~i:lPntatoidae), 
which also attack the seed. Stei flies (Diptera:Agromy-
zidae) , which can destroy a crop in the seedling stage, 
are also important in many tropical areas. Although 
there are many other important groups of insect pests in 
Asian-grown soybeans, these three complexes are prob-
ably the most important, and they will be covered in 
this symposium. 

In the general sessions of this conference certain insect 
topics were developed: insect pest diversity and succes-

sion in Asian soybeans (R. E. Rejesus), control of soy
bean insect pests in Thailand (Pisit Sepswasdi), ento
mophagous insects in a soybean pest control strategy 
(M. E. Irwin and P. \V. Price), and soyean disease and 
insect pest management (M. Kogan). These topics,
broad in scope, were meant to provide background in
formation about Asian soy'bean pests and their control. 
They also endeavored to introduce the concepts of di
versity, natural control, and integrated pest milanage
n ent. Two important cornerstones of pest nianagemnceit 
were not covered: (a) the concepts of low dosage pesti
cidt's and (b) soylbean resistance to insect pests. These 
two topics, along with the thre important insect pest 
complexes associated with Asian-grown soybeans, are 
treated in this symposium. 

I sincerely hope you take with you from this syin
posiumi a better understanding of the importance of 
entomology in your respective soybean programs and 
some rudimentary principles for approaching and solving 
insect pest problems. 

Resistance in Soybean to Insect Pests 

Marcos Kogan 

Soybean pest management research programs give high 
priority to the development and use of pest-resistant cul-
tivars. From an ecological point of view, among the most 
desirable features of plant resistance are: (a) specificity 
to the target pest, (b) cumulative effect towards reduc-
tion of the pest population over successive generations, 
(c) persistence over long periods of time, (d) harmony 
with the environment, (e) compatibility with other con-
trol tactics, and (f) a potentially synergistic effect with 
parasites and predators or with chemical insecticides. 
Among the limitations of resistance are: (a) time of 
development, (b) genetic limitations in the plant, and 
(c) development of biotypes in local pest populations 

capable of daiiaging lines resistant to other biotypes of 
the same species (Kogan, 1975). 

Interest in soybean resistance to insect pests is not new, 
but it has been rekindled by the enthusiasm of pest man
agement specialists for this control technique (Turnip
seed, 1972; Turnipseed and Kogan, 1976). Various as
pects of soybean resistance to insects have been reviewed 
recently. Schillinger (1976) described breeding schemes 
applicable to programs in soybean insect resistance. 
Turnipseed and Sullivan (1976) presented a historical 
review of resistance research in soybeans and described 
current efforts to produce cultivars resistant to defoliat
ing pests in the United States. 
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Breeding for insect resistance is a team effort. A corn-
plete program requires the integration of input from 
entomologists, plant geneticists, and breeders. Breeders 
and agronomists contribute the techniques for crossing 
and hybridization, the genetic analysis of progenies, and 
the evaluation of agronomic characteristics of selections. 
It is up to the entomologist to identify sources of resis-
lance, characterize the rechanisins involved, and de
velop field and laboratory procedures to assay the fate 
of resistance throughout the breeding program. In this 
paper I will concentrate on the entomological aspects of 
resistance research. 

EXISTING RESISTANCE IN SOYBEAN CULTIVARS 

Most North American cultivars present a normal type 
of pubescene. This lbescence lends the plants con-
siderable protection against small, haf-sucking insects 
such as leafhoppers. Length and erectness of trichonies 

Cnsiclered more important than density ill tile
ell'ect on potato leafhopper )opulations (Broersina et al., 
1972). In exl)erimental plots glabrous (P,) genotypes 
(lernard and Singh, 1969) and curly l)ubescelt (pcpe) 
genotypes of near isogenic lines of Clark were heavily at
tacked by leafhoppers. Populations on these plants were 
three- to sixfold higher than on adjacent. normal and 
dense (P, genotypes) pubescent isolines (Kogan and 
1-Telmn, utnpublished). 

In the Orient, however, curly and glabrous varieties 
may be more desirable because the soybean pod borer, 
(;rapholitha .gl'cinivorella (Mats.), lays fewer eggs on 
these than on pubescent varieties (Nishijima, 1960). 

So far Shore is the only released variety claiming some 
resistance to a defoliating species, viz., the Mexican bean 
beetle (Epilachna varivestis Mulsant). This is a group 
V variety developed by breeding programs in Maryland 
and Virginia in the United States. 

EXISTING SOURCES OF RESISTANCE 

Screening programs in several research institutions 
have identified sourcrs of resistance. Table I summarizes 
some of the documented infornmation on these sources. 
The levels of resistance of the various lines is expressed
in relative terms on the basis of availahle reports. Local 
breeding programs wishing to use any of these sources 
should confiri their resistance characteristics under local 
growing conditions. 

Breeding programis in the United States are concen
trating mostly on resistance to defoliating species, pri
marily using Pis 171,451 and 229,158 as sources of re

sistance. Recurrent parents are selected from the best
cultivars in the maturity group adapted to the region. 

ENTOMOLOGICAL INPUT IN RESISTANCE RESEARCH 

Certain areas of resistance research are the direct 
responsibility of entomologists. These areas generally 
involve manipulation of pest po)ulations in the field or 
development of bioassays in the greenhouse or laboratory. 

Identification of Sources of Resistance 
Screening programs of large germ plasm collections 

use single or replicated rows I to 2 meters long. It is 

'able 1. Soybean Lines Selected for Resistance Against Various Insect Species 

Target species L.ines Maturitygroup 

Mexican bean beetle (lppilachnar u..sti).............................. 54,615 III 


S. green stink bug (Xe.ata rit ittduh, ............................. 

Mexican bean beetle ....................................... 

Mexican bean beectle............ ............................ 

Mexican bean beetle ..................................... 


Ntexican hean beetle, bean leaf beetle (Ceroloma Itifurcata), corn car
worm (lllithi.zra).lapanese beetle (Popilliajaponira) ........... 

Mexican bean beetle, corn earworm. bean leaf beetle, green cloverworin (llathlena.- aha) ................................. 


..... ... V-VI 
90,481 V 
96,089 V 

157,41:3 V 

229,321 VII 
163,453 VII 
203,246 VII 

171,451 VII 
227,6117 VII 
229,358 VII 

Bean fly (.fdeino,rwnr. a "efi)............................... 113,8611 IV 
92,7411 I1180,520 ? 

Nt. Kogan and C. Heln, unpublished.

Several lines in maturity group VI identified with Soie levels of resistance.
 
lerzog ct al., 1975.
 
Elden et al., 1974.
 
Campbell et al., 1974 and 1975.
 
Van Doyn et al., 1971.
 

Screeningmethod Level ofresistance Source 

Greenhouse 
and lab 

Moderate Illinois" 

Field 
Field and lab 
Field and lab 
Field and lab 

Low-mod. 
Moderate 
Moderate 
Moderate 

Louisiana, 
Maryland' 

Field and lab 
Field and lab 
Field and lab 

Moderate 
High 
High 

N. Carolina" 

Field and lab 
Field andi lab 
Field and lab 
Field 
Field
Field 

High 
High 
High 
High 
High
High 

S. Carolinaf 

Taiwan' 

Eight lines and named varieties were reported with resistance to stem flies. Only three plant introductions 
"VRDC, 1975. 

were listed here. 
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common practice to interplant known susceptible vari- levels. If the occurrence of a target pest is erratic in tit 
eties with the rows of test plants. The susceptible variety test site, certain steps can be taken to assure that the 
serves to trap tile pest population and also serves as a test plants are exposed to enough insects to reveal even
basis of comparison for rating the lines. When promising tual resistance or susceptibility. Some of the techniques
resistant lines are identified, the seed is increased and of pest manipulatiol in soybean resistance research in
retested in larger replicated plots. Plots 3 to 5 meters clude: (a) trapping pest populations on preferred hosts: 
long are usually adequate for retesting selected sources (h) mass releases illthe open field of laboratory-reared
of resistance, or field-collected insects: (e releases of iisects iniside 

field cages: and (d) attractioll of ovipositinig fei'iales bw
Evaluating Resistance in Progenies of Crosses Ieals of lights.
 

After the actual breeding program starts, it is 
neces- The plant trap illetlhod is widely used in tle United 
sary to develop reliable and rapid methods of progely States. Most soybean pests in North America prefer
evaluation. Since thousands of )lants may be involved, feeding on other legtumet's, such as con inon beans (l'hase
the method cannot use detailed or time consuming tech- olus t'ulgaris) or lima beans (lPhascohus in natus) . C:oi
niques. For most practical purposes a I to 5 scale (sus- mon beans ;lre planted interspersed within soybean row,
ceptible, moderately susceptible, intermediate, ilioder- or as border rows surrounding the plots. At the Univer
atelv resistant, and resistant) is suflicient. Interplanting sity of Illinois we first sow collimon beans at 20- to 3f)-clm
of both resistant and recurrent iparents at convenient intervals and then sow soybeans at a normal rate of 20 
locations provides a basis for coml)arative progeny evalu- to 25 seeds per meter of row in rows I ieter wide. The 
ation. Certain workers prefer a direct scale bIasd oil Ihaseolus plants grow fast and mature ill about 6()clays. 
percent defoliation, using intervals of 10 percentage As the plants become senescent, the trapped insect popu
points. A variable scale was proposed, using the pelcent latiol migrates to the adjacent soybealIs, thus generating

defoliation of the progeny lines as compared with the the population prIessures neccssalry to evince potentially

susceptible, recurrent parent. Rows of lines and parents resistint lines.
 
are alternated for the purpose of this comparison. Ill a southern region of tIle United States whlere lalte
 

Obviously these tests apply only to defoliators. Specific Iliattiritv varieties (groUlps VI-VI I are generally plantrd.
 
tests Ilust be developed to permit evaluation of other all early variety, suclias Clark 63 (group IV)" is oftcn
 
types of injury. In many cases the need for nondestruc- sown as a 
border around the field about two weeks be
tive methods of observation and evaluation poses serious fore tile rest of the field is planted. At low latitudes 
difficulties for the researcher. Stem fly damage, for ex- Clark sets pods very early alid attracts stink bugs that
 
ample, is difficult to evalute without destroying the prefer to feed oil pods. \'len the test plants reach the
 
plant. Stem borer injury may be indirectly detected by pod-set stage, the Clark rows are already senescent orobserving exit holes. Stink bug injury is usually evaluated are removed, forcing tie stink hug population to disperse 
by carefully examining the seed. Nondeforming stink to the rest of the plots.
bug punctures caln be detected by means of the tetra- The mass release of insects of) exprimental plots fre
zolium tests for viability (1)elouche et al., 1962) if no cluently causes ain upsurge of predators: thus, results in 
other type of injury occurs: however, direct observation open fields may be rather erratic. J. Hatchett, United 
under the microscope is the best method for positively States )epartment of Agriculture, Stoneville. Mississippi
identifying tile punctures. Very conspicuous dalmage (personal communication) uses a large screcn cage to 
caused by certain leaf and pod-webbing species, e.g.. cover about one tenth of a hectare. Test plants are sown 
Epinotia aporema in South America, can be evaluated in short rows, and at convenient times insects are re
by direct observation of plants. leased within the cage and allowed to feed. 

Estimation of damage for resistance evaluation is a Lights can be used to attract populations of oviposit
problem in sampling and it poses inherent difficulties in ing adult moths. For maxiuni efliciency the distribution any sampling program. No universal prescription call of light sources, the nalture and intensity of tile light,
be given, and researchers have to develop techniques and the length of time the lights stay 011 have to be 
best suited to the needs of their specific breeding pro- adjusted according to the behavioral characteristics of 
grail. Nevertheless, attempts should be made to stan- each species. This technique has not been tested in re
dardize evaluation methods so thit data from different sistalce research. 
workers can he readily conpared anmd utiforlly inter- Greenhouse and laboratory tests. If greenhouse or 
preted. laboratory tests are used, caution should be exercised 

Field tests in the presence of consistent population in the extrapolation of the data to field conditions. Mansy
levels. Assuming that differential dailage levels are plant characteristics, including the expressiol (If resis
caused solely by resistance, screening and evaluation tance, are drastically affected by greenhouse growing
should be based on direct readings if high populations conditions. Tests can be based O0 two types of plant
of the target pest are present in tile test site. No rnanipu- material, viz., seedlings and excised plant parts. 
lation of plants or pest populations is needed. Seedlings were used at the University of Illinois in 

Field tests in the absence of consistent population a mass screening programn of about 600 early maturity, 



168 EXPANDING THE USE OF SOYBEANS 

germ plasm collection plants. Six rows of six plants from 
each entry were planted in 54 x 38 cm flats on a sand, 
vermiculite, and top soil (1:1:1) mixture. When one 
trifoliolate leaflet was completely open, the growing tips 
were excised. Groups of four flats (24 entries) were 
placed inside screen cages in a greenhouse. One hundred 
adult Mexican bean beetles were released inside the 
cages and allowed to feed for five to seven days. Within 
each cage there was one row of Clark 63 soybeans, a 
susceptible variety. Evaluations were made on the basis 
of the number of leaflets destroyed. Each plant contained 
a total of five leaflets (two unifoliolates and one trifolio-
late). Ratings were based on a I to 5 scale, in intervals 
of 20 percent defoliation. 

15xcised leallets or leaf discs are frequently used in 
both nutritional and preference tests (Kogan, 1972a and 
19!721) Kogan, 1975). In one series of tests to monitor 
resistance in progenies of crosses, the central leaflet of 
the third leaf foin thu growing tip was inserted into 
plastic-capped medicine vials filled with water. The 
lateral leaflets were removed. Leaflets were held upright 
by means of a line, wooden stirring rod. The test plants 
were randomized and positioned inside screen cages with 
'Mexican bean beetle adults. Ratings were based on 
coi parisons with both parents, which were always repre-
sented in each replication. 

Identification of the Mechanisms of Resistance 

Resistance usually operates via three main inecha-
nisnis: (a) the plant alfects the insect's responses, ovi-
position, or feeding (nonpreferences) ; (b) the plant 
affects the insect's physiological processes, resulting in 
syndronmes ranging from delayed growth to premature 
death (antibiosis) anda (c) the plant has no direct effect 
on the insect, but nevertheless can withstand attacks by 
insect populations that would be damaging to other 
plants (tolerance) . 

Preference tests are used to measure preference or 
nonpreference as a resistance mechanism. Dual choice 
preference tests were extensively used in soybean resis-
tance to insects. These tests are convenient because pref-
erence is defined by comparison with a standard plant 
(Kogan, 1972a)..'\ntibiosis has been measured by force 
feeding larvae on an exclusive diet of the test plants. 
Growth rates, weight gain, and food utilization are good 
indicators of the various aspects of antibiosis (Kogan, 
19721)). Tolerance can only be determined in the field 
by recording the recovery and yield of plants submitted 
to various levels of insect attack. 

Physiological Basis of Resistance 

Studies are under, way to identify the chemical char-
acteristics that render certain soybean lines resistant to 
insect defoliators. Phytocheinical analyses of resistant 
and susceptible plant types are performed to compare 
the chemical makeup of tile plants. l)ifferences in chemi-
cal composition are evaluated and tested using bioassays 
designed to detect effects at various levels of the host 
selection process. In addition, plant extracts are sys-

tematically fractionated, and the biological effect of each 
fraction is monitored by means of adequate bioassays. 
An example of the method and some of the bioassays 
used is presented in Kogan and Goeden (1971). No 
obvious indications regarding the physiological nature 
of resistance in soybeans are yet available, since work 
in this area is just starting. 

Genetic Control of Resistance 
There is reason to believe that resistance in soybeans 

to insect defoliators is under multiple gene control. Pre
liminary preference tests with an F, line of a Bragg x PI 
229,358 cross suggested a semidominant type of inheri
tance (Kogan, 1972a) or an additive type of gene 
action. In fact, Sisson et a]. (1974) suggested that sev
eral genetic factors are involved in tile expression of soy
bean resistance to the Mexican bean beetle. 

CONCLUSION 

In many parts of the world soybeans are being intro
duced for the first time. Pest populations in most cases 
cal be conveniently controlled by means of well-timed, 
low dosage applications of nonpersistent pesticides. Dur
ing this rather comfortable phase in the dvnamics of 
insect/soybean interactions, tile time factor is in favor 
of resistance research. This is a long process, but identi
fication of sources of resistance against the main potential 

pests should receive high priority in breeding programs. 
Field and laboratory techniques are available to promlote 
adequate progress in evaluation of progenies. For most 
practical breeding purposes a scoring scale ranging from 
1 to 5 seems sufficient. For more refined studies on the 
genetics and mechanisms of resistance a detailed evalua
tion based on plant and animal growth and development 
analyses may be necessary. Investigations into the physio
logical bases of resistance should greatly accelerate prog
ress in breeding by providing more direct means of 
evaluating progenies and screening germ plasn collec
tions. Finally, in view of the inherent tolerance of soy
beans to defoliation and depodding, breeding programs 
do not have to aimi at 100 percent resistance. Moderate 
levels of resistance may interact with the effect of natu
ral enemies to keep pest populations below the economic 
injury level. It is also possible that partial resistance 
renders insects more susceptible to lower dosages of 
insecticides, thus permitting the use of lower dosages of 
nonpersistent pesticides should the need arise. 
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Bean Flies and Their Control 

R. I Rose, C S Lin, , P. Kun, H. W Kao,C Y Su,anyd C Y Chng 

Soybeans are among the hosts preferred by two species plants declined sharply in the latter part of Novenber 
of agromyzid bean flies at the Asian Vegetable Research and December. The actual number of bean fly larvae 
and Development Center (AVRDC). Melanagromyza and pupae in 100-plant samples was correlated with the 
sojae Zehntner is relatively specific to soybeans, while percent of damaged plants. Populations were high front 
A'elanagromyza phaseoli Coquillett has a host range April to June; declines occurred in Jue, JuIly, and e-arly 
including at least eight different genera of legumes. It August and rose thereafter to a maxintuni of 2.6 larvae 
occurs in Africa, -India, Indonesia, Thailand, Malaysia, and pupae per plant in November. The populatiotn de
the Philippines, Taiwan, and elsewhere. M. phaseoli is clined sharply during November and December. 
probably the predominate species in Southeast Asia, and Adult bean flies were most abundant in the spring 
infestations frequently necessitate replanting following and fall, and less abundant in the sunmer. This corre
the death of the seedling caused by larval tunneling. lated closely with danage and infestation levels obtained 

by dissection. Adult bean fly numbers were monitored 1w 
trap constructed at AVRI):SEASONAL FLUCTUATIONS IN POPULATION DENSITY nteans of an air suction 

for US$230. Details of this trap are available from theSoybeans were planted at twvo-week intervals thtrough- authors. 

out most of 1975 to determine seasonal fluctuations in 

the percent of plants damaged by Melanagromyza spp. BIOLOGICAL CONTROL 
Two 100-plant samples, collected from each planting 
after three and four weeks of growth, were dissected. Parasitism rates for bean flies infesting soybeans were 
The percent of damaged plants rose from March determined during the spring and summer growing sea
through April to over 90 percent and declined from sons of 1975 at AVRDC. The most prevalent of the four 
May to August to about 50 percent. Damage levels species of hymenopterous bean fly parasitoids observed 
again rose during August, reaching nearly 100 percent was Plutarchiasp. (Fig. 1). In soybean fields the pupal 
in September and remaining at or near 100 percent parasitism of Plutarchiaincreased to nearly 50 percent 
through early November. The percent of damaged during April and July in both species of bean fly (Fig. 
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Fig 1. I'lutarchia sp. (Hynenoptera:Eurytomidae), a para-
sitoid of Melanagroneyza phaseoli Coq. 
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Fig. 2. Percentage of bean flies (Aflanagromyza phaseoli
and M. sojae) parasitized by Plutarelha sp. on soybean at 
AVRDC, Taiwan. 

2). Rate of parasitism was found to be dependent on 
the density of bean fly populations. 

INSECTICIDES 

Both preventative and curative insecticides are at 

present the most practical method to control the bean 
fly. Field plot insecticide evaluations were conducted in 
1974 at AVRDC, and the following insecticides were 
found to provide the best control: Furadan, Dimethoate, 
Azodrin, Hostathion, and Folimat. The most effective 
insecticides found in 1975 were I)imethoate, Folimat,
Furadan, Cytrolane, Surecide, Vydate, and Formothion.

Tu sedn ,Co preventie, isyteicnd insectiieson a 
The use of preventive, soil systemtic insecticides on a 

regular basis is costly and impractical for Asian farmers, 
The quantities of active ingredient necessary are con
siderably greater than those required in spray formula
tions. In addition, bean fly populations frequently are 
not high enough to affect yield. Soybeans will tolerate 
light to moderate infestations by compensating for stand 
thinning, and plants frequently survive the presence of 

one or two larvae. Bean flies can probably be controlled 
economically through the use of curative sprays 

after bean flies are detected in large numbers in the field 
and some seedling mortality has occurred. This requires 
surveillance of the crop early in the growing season, 
followed by corrective action during this critical period. 

VARIETAL RESISTANCE 

Because the use of insecticides to control the bean fly 
is costly and laborious, screening for varietal resistance 
was begun at AVRDC in early 1974. Since different bean 
fly species are reported and biotypes may be expected 
with insects in different geographical areas, additional 
trials were carried out in Thailand and the Philippines 
in October and November 1974. After field testing 1,246 
soybean cultivars, the following were considered mod
erately resistant: Indonesia 637, Indonesia 1288, S.P. 
Soybean, Huang-Pau-Tsu, Wilken, PI 180520, PI 83868, 
and PI 92748. In the autumn of 1975 an additional 187 
soybean cultivars were screened for resistance to bean 
flies. The mean infestation level of each of the 187 lines 
was determined, and the cultivars were ranked. Twenty
lines of the 187 evaluated had infestations well below tie 
overall mean (Table 1). 

Table 1. Bean Fly Infestation Rates for Twenty Most Resis. 
tant Lines in Field Screening Trials of 187 Soybean 

at AVRDC, 1975 

Cultivar No. bean flies 
per planta 

1390 D.H.s ...................................... 0.50

Clay ........................................... 0.60
 
Haroso ...................................... 0.70
 
Wilken ........................................ 0.70
 
PI 227687 ....................................... 0.70
 
887 Genjah slav ................................. 0.70
 
826 K lungkung .................................. 0.73
 
Ada ............................................ 0 .83

e88508650......... ............................ 0.87
 
D 514-20 ................................. 0.87
 
153234 .......................................... (1.90
 
82235 321 ....................................... 0 .90
 
1005 Hernon ................................... 0.90
16 Otan ........................................ 
 0 .90 
189952 .......................................... 0.93 
83945-1 ......................................... 0.93
 
189956.......................................... 0.97

96201 ........................................... 0.97
 
317 Ringgit ..................................... 0.97
 
Gesjainyum ..................................... 1.00
 

Mean of 187 lines tested ......................... 1.44
Standard deviation ........................... 
 0.43LSD.os ...................................... 0.64
 

Data shown include both larvae and pupae and are based ondissection of 10 plants in each line. Planting was on 6 November 
and sampling on 20 December 1975. 

Discussion 
M. E. Irwin: Can oviposition wounds and economic in

jury levels be correlated? 
R. I. Rose: Oviposition wounds are closely correlated 



SYMPOSIUM -INSECT PESTS 171 

with infestation levels, but they have not yet been merit for aerial photographs of whole fields to deter
used as a measure of infestation level in insecticide mine concentrations of damage. We have considered 
tests where economic injury level information has re- a fluoroscope using a mild X-ray source to scan plants, 
suited. Counts based on the dissection of plants have but have not developed the technique because of lack 
been used instead, because they provide a direct mea- of time and resources. 
sure of the actual infestation and require only a little Unknown: Is there any apparent yield difference in 
more time. varieties that have been screened and classified as 

Marcos Kogan: Have you considered infrared photog- resistant? 
raphy to determine infestations by bean flies? Rose: Those varieties identified as relatively resistant 

Rose: Individual plant examination using infrared or less preferred have not had notable or outstanding 
photographs could be quite costly, but it may have yield characteristics. 

Pod Borers and the Seed Pest Complex in Asian Soybeans 

Takasbi Kohayasbi 

The major pod borers found in Japan include the soy- seven species of Hymenoptera in Japan: one egg para
bean pod borer, LeguminivoraglycinivorellaMatsumura; sitoid, Trichogramnna jezoensis Ishii (Trichograminati
the lima bean pod borer, Etiellazinckenella (Treitschke) ; dae) ; three larval parasitoids, Bracon abscissor Nees 
the Azuki pod worm, Alatsumuraeses phaseoli Matsu- (Braconidae), Afastrus tenuibasalis Uchida (Ichneu
mura; and Al. falcana (Walsingham). monidae), and Scambus glycinivorella Uchida (Ichneu

monidae) ; and three larval-pupal parasitoids, all belong-

BIOLOGIES OF SOYBEAN POD BORERS ing to the family lcleunonidae, viz., Dichrogaster 
tenuibasalisUchidcla, Isperopus hakoneusis Ashmead, and 

Soybean pod borer (L. glycnivorella Matsurnura) Pristoneruschinensis Ashmead (Yasurnatsu and Wata
(Lepidoptera:Trotricidae). This species occurs through- nabe, 1965). Figure 2 shows a female Scambus sp. 
out Japan, Korea, China, and Siberia, where the larvae searching for a soybean pod borer larva. 
damage seeds of the domestic soybean as well as seeds Lima bean pod borer (E. zinkenella) (Tretschke) 
of two wild legumes, Glycine soja and Puerariahirsuta (Lepidoptera:Pyralidae). Nearly cosmopolitan in dis
(Kobayashi, 1972). Damage is generally most severe in triont iee nerlosopolitin dis 
the cooler, more northerly areas of Japan where this yeartrin in centralthslJapanecien and three in southerntwos gneransJapan. Larndergoes per 
pest has a single generation per year; in warmer, more 'ae feed on various pulses, e.g., s , o 

sean,ung bean, Glyciesoutherly areas t-e borer destroys less and completes two 
generations per year. The adult female lives for 8 to 

30 days and is active in the morning and evening. She soja, Vicia spp., and Lathyrus spp. (Kobayashi, 1972). 
Damage to soybeans is more severe in warmer climatesdeposits eggs selectively just after completion of pod 

elongation lo nandlays between 200 and 300 eggs during and where earlier podding varieties are planted. In soyhendvaietiessetvnennthe0alldalarvaeonsumeuonlyg 
sown in the fall, a larva consumes only aher life span. The incubation period is 7 to 9 days, and bean varieties 

bore into pods and feed ex- few seeds before hibernating in plant debris in thethe newly hatched larvae 
ground. Adults are active at night. A single female lays

clusively on developing seeds. between I and 3 eggs on each young pod, calyx, or leaf 
Soybean seeds, incompletely consumed by the develop- stalk and deposits a total of 60 to 200 eggs during her 

ing, white larva, can be found within pods, along with lifetime. During the summer, egg incubation is 5 to 7 
minute, ellipsoidal fecal pellets after the fully developed days, and the newly hatched larvae bore into pods and 
larva, 9 mm long and light reddish-yellow (Fig. 1), has feed on developing seeds. Larvae reach nmaturity in about 
bored an elliptical hole in the pod and escaped to hiber- 20 days and thereafter emerge from pods to pupate in 
nate in the ground. the ground. The last instar larva is about 15 mm long 

Varietal differences greatly influence survival of this and pale bluish-green with light red spots on the body 
species. For instance, female moths lay fewer eggs on (Fig. 3). The pupal period lasts about 10 days. 
varieties with glaborous pods than on those with hairy Pod injury by this species is recognizable by specific 
pods; larval mortality is higher on long-leafed, small- characters even when the larva is absent, i.e., feeding 
seeded varieties (Nishijima and Kurosawa, 1953) avail- marks are rough and the injured pod contains large, 
able to farmers in Japan as a means of cultural control, round fecal pellets and has a large, round hole through 
Podding periods of very early and late varieties also which the larva has emerged. 
escape peak abundance of adult moths (Kobayashi et al., Only one parasitic species, Philomacroploeapleuralis 
1972). Ashmead (Hymenoptera: Braconidae), has been reared 

The soybean pod borer is known to be parasitized by from larvae of E. zinckenella from Japan and Taiwan. 
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Azuki pod worm (M. phaseoli Matsumura) and 
M. falcana (Walsingham) (Lepidoptera:Tortricidae). 
There are two closely related pod worms in Japan, M. 
phaseoli from Japan, Korea, and Amur, and Al. falcana 
from Japan, China, Taiwan, and Nepal (Razowski andYasuda, 1975).ReonlvraonndaaebsedessThtta 

1Larvae of Al. phaseoli attack numerous wild ,gumes 
and leguminous crops, e.g., red bean, cowl;ea, soybean, 
kidney bean, and broad bean (Kobayari, 1972). Up 
to 30 percent of the soybean harvest can be destroyed in 
the warmer parts of Japan. In early maturing varieties, 
larvae bind leaves together and reduce photosynthetic 
activity. As the plant becomes larger, the larvae bore 
into stems and break branches. In late maturing varieties, 
larvae bind pods, leaves, and branches together and feed 
on soybean seeds and pods (Fig. 4). The last instar 
larva is about 15 nim long, light grayish-brown, and has 
scattered, minute gray granules on the body. This species 
has three to four generations per year in southern Japan. 
Larvae sometimes bind the leaves of broad beans to-
gether and hibernate inside. The biologies of this species 
and Al. falcana are inconpletely known. 

Natural enemies of these pests have not been deter-
mined. However, some spiders, such as Pardosa laura 

Fig. 1.Fully developed larva of Legu'minivora glyciriiorella 
and soybean seed damage. 

S .': ... ,
 

Fig. 2. Seanibu sp., female, searching for soybean pod borer 
larva, 

Karsch, appear to be predators of these and other pod 
borers. 

FACTORS THAT INFLUENCE DAMAGE BY SEED PESTS 
Regional variation in damage by seed pests. The total 

amount of damage to soybean seeds by all seed pests,
including pod borers, stink bugs, and the pod gall midge, 
was surveyed at harvest time in the Tohoku, Kanto-
Tosan, and Shikoku areas of Japan. Although damage 
varied with place and year, there was a tendency for 
greater damage in warmer districts, sea-coast areas, aid 
warmer years. than in cooler districts, inland areas, and 
cooler years. 

Tohoku was divided into three regions on the basis 
of pest occurrence (Kobayashi et al., 1972; Kobayashi 
and Oku, 1976). In Region I, north of the January 
isotherm of -- 1.5'C, the only economically important 
seed pest is the soybean pod borer. In Region II, between 
the January isotherms of -1.5*C and +2°C, the soy
bean pod borer"predominates in cooler years, while stink 
bugs and the pod gall midge predominate in warmer 
years. In Region 111, south of the Januaty isotherm of 

+2°C, stink bugs and the pod gall midge always pre
dominate. I)amage to harvested seed averaged 17, 23, 

Fig. 3. Last instar larvae of Etiella zinekenella and soybean 
seed damage. 

Fig. 4. Last instar larva of Mfataunturaee phaseoli and soy
bean pod damage. 
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and 28 percent in Regions I, II, and III, respectively. 
Correlations were high between regional variation of seed 
damage and regional fluctuation of mean monthly tem-
peratures based on data gathered over seven years (Ko-
bayashi et al., 1972). Percent damaged seed and mean 
January and August temperatures were positively corre-
lated with all seed pests, all southern seed pests, stink 
bugs, and tilepod gall midge, and were negatively 
correlated with the soybean pod borer, 

Generally speaking, the seed pest complex was simpler 
and the percent damaged seed lower in Region I than 
in the other regions; thus, Region I may be regarded as 
the area where a higher proportion of nondamaged seed 
can be grown most easily. 

Prediction of damage caused by insects. Significant 
correlations were detected between annual variation of 
seed damage and annual fluctuation of monthly mean 
temperatures for January, July, and August for Tohoku 
(northern Japan) and for each of its three aforemen-
tioned regions. In northern Japan insecticide applications

t are nost effective fromln id-August to early September. 
Thus, by using linear regression equations calculated to 

predict severity of dimage to soybean seed by each seed 
pest, damage estimates are possible prior to initiation of 
insecticide applications (Kobayashi et al., 1972) 

Control of seed pests by insecticides. ''he pod gall 
midge, stink bugs, and four species of pod borers infest 
soybean plants during early pod set, from middle pod 
elongation to middle seed thickening in the southern 

half of Tohoku. During this period two or three appli-
cations at intervals of one to two weeks are adequate to 
control these pod-infesting pests. Effective insecticides, 
including Lebaycid, Cyanox, Sumithion, PAP (Elsan, 
Papthion), Ortran, ])ursban, and EPN, are applied on 
the basis of the forecast system mentioned above. 

Cultural control of insect pests of seed. In Japan late 
podding varieties are generally less damaged by seed 
pests, including stink bugs, than are early podding va
rieties. In fact, the damage clearly decreases even within 
the same variety when the sowing date is delayed (Ishi
kura et al., 1955). 'herefore, careful consideration 
should be given not only to choice of variety, but to time 
of sowing to avoid temporal coincidence of peak abun
dances of insect pests and the soybean podding period. 
It is also desirable to adopt intercropping systems that 
contain tall crops like maize and to adopt reasonable 
crop rotation on a large scale to assist in pvst control. 
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Stink Bug Complex in Soybeans 

E A. Heinrichr 

The complex of phytophagous stink bugs (lemiptera: 
Pentatomidae) is one of the most important groups of 
insects attacking soybeans throughout the tropics and 
subtropics. Nymphs and adults of stink bugs damage pri-
marily the bean portion of the soybean plant by inserting 
their piercing-sucking mouthparts through the pod and 
into the bean. Both soybean yield and quality are re-
duced by stink bug feeding. ~eAledra 
SPECIES COMPOSITION 

Species composition of the stink bug complex varies 
from region to region throughout the world. Generally, 
only a few species are of economic importance, while 
most are of minor importance. In the southern United 
States the most common species are the southern green 

stink bug, Aczara viriduka: green stink bug, Acrosternum 
hilare: and the brown stink bug, Euschislus servits 
(Miner, 1966). In Rio Grande do Sul, southern Brasil, 
the complex is made uI) of more than a dozen species, 
Piezodorus guildinii, N. viridula, Dichelops [urcatus, 
Edessa nleditabunda, E. rufomnarginata, Acrosternum 
armigera, Aayrinia uidens, Tibraca limbatirentris, 

sp., Barnasa sp., Arvelius sp., Oebalus sp., 

Pro.ys sp., and Brachystcthus sl.P. guildinii and N. 
viriduia are abundant, D. /urratus and E. ineditabunda 
moderately so, the rest rare. The relative abundance of 
P. guildinii and A'. viridula varies from one portion of 
Rio Grande do Sul to another. 

Of the economically important stink bug species, N. 
viridula is the. most cosmopolitan, being found through
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Fig. 1. Seasonal occurrence of P. guildini and 
N. viridula in Davis soybeans planted 26 Oc. 

Flowering tober 1974. Guaiba, Rio Grande do Sul, 
Brasil. Source: M. H. Galileo and H. 0. 
Gastal. 
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out the tropical and semitropical regions of the world 
(Singh, 1973). The southern green stink bug and other 
species are polyphagous, feeding on numerous hosts 
(Miner, 1966; Singh, 1973). When soybeans are intro-
duced into a new area, stink bugs readily move from 
native host plants to soybean fields, 

SEASONAL OCCURRENCE 

Stink bugs may appear in a soybean field shortly after 
germination and continue through harvest, but they gen-
erally become abundant only after the pods begin to 
develop. In our research plots in Brasil 1'. guildinii and 
N. viridulaoccurred simultaneously (Fig. 1). 1'. guildinii 
was present in low numbers from germination to one 
week after flowering. When pods began to form, it began 
to increase in numbers and reached a peak when the 
beans were nearing maturity. N. viridula peaked during 
the same week as 1'. guildinii,but P. guildinii was much 
more abundant, 

DAMAGE 

It is generally assumed that phytophagous stink bugs 
prefer to feed on pods. This is not true, however, for 
all stink bug species. In 197-1 we conducted a study to 
determine the economnic threshold of E. meditabunda. 
At the termination of the experiment, pods were liar-
vested and beans removed. None of tile beans was dam-
aged, even at levels as high as 80 bugs per meter of row. 
This experiment was repeated in 1975. Detailed observa-
tions indicate that this species feeds only on stems and 
branches, not on pods. Stems and branches become black 
after pest feeding because of the sooty mold growing on 
the sap that exudes from the pierced plant. The feeding 
damage did not affect yield. 

I 

26kM 4Av 

Pod feeding is more common. Miner (1966) studied 
the histological aspects of stink bug damage to soybeans. 
The stink bug apparently injects histolytic agents that 
licuify cell contents- ingestion causes rupture and re
moval of cell walls. The chalky spots in the damaged 
parts of the bean are probably due to air spaces left 
when cell contents are removed, rather than to pathogen 
damage as has been reported. 

Feeding early in the pod development stage prevents
bean development, and pod drop occurs. As beans in
crease in size, the degree of pod drop due to stink bug 
feeding lessens. Research conducted by I. Corso, P. S. 
Lehman, and the author (unpublished results) indi
cated that pod drop was normal. However, pod drop in 
plots with seven stink bugs per meter (mostly P. guild
inii) was twice that in plots free of stink bugs. Having 
the ability to compensate for insect damage, soybeans 
set additional pods on damaged plants. At harvest there 
was no significant difference in numbers of pods in the 
insect-infested and the insect-free plots. Infested plots, 
however, contained fewer, smaller, and poorly developed 
beans. 

At harvest the number of pods was greater on caged 
plants infested with 12 or 20 P. guildinii per meter of 
row than on uninfested plants (M. I1. Galileo, unpub
lished observations). The number of beans per pod de
creased slightly but significantly as a result of stink bug 
feeding. Bean weight was severely affected, and the de
gree of damage was related to tile stage of pod develop
ment at the time of attack. 
FOLIAR RETENTION 

Foliar retention under severe stink bug attack, as re
ported by Gomes (1966) in Brasil and Rizzo (1972) in 
Argentina, occurs when beans fail to develop normally. 
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When pods are removed by caterpillar feeding or are ing to Jensen and Newsom (1972), the location of the 
damaged by severe stink bug feeding, plants retain their puncture is more iml)ortant than the number of pnc
leaves, and their stems remain green long after normal tures. One puncture in the radicle-hypocotyl axis pre
maturity. The presence of these green plants makes vents germination, while several punctures in other por
harvesting difficult. The degree of foliar retention in- tions of the cotyledon may not affect germination. Vigor, 
creased with an increase in the number of stink bugs however, may still be affected. 
per meter of row, and attack earl) in bean development We studied the relationship between degree of dam
was more severe than later attack (Fig. 2). 	 age and germination after a six-month storage period. 

According to Jensen and Newsom (1972), beans were 

GRAIN QUALITY classified into four danmage categories: none, slight, mod
crate, and severe. Of the nondaniaged (normal) seeds,

Feeding by stink bugs profoundly affects soybean 93 percent germinated, while only 5 percent of the se
quality. Daugherty et al. (1964), Todd and Turnipseed verely damaged seeds germinated (Fig. 3). Iight daul
(1974), and Miner and Wilson (1966) reported that age (indicated by a discolored but wrinkle-free area) 
percent oil and protein are related to degree of stink late in the bean development stage did not significantly 
bug feeding. Daugherty et al. reported that oil content affect germination. We also found that seeds dlaiaged 
decreased and that percent protein and fat acidity values by stink bugs and left in the field past maturity degen
increased with an increase in the number of stink bug erated much more rapidly from weathering than did 
punctures per bean. As a result, seeds damaged by stink nondainaged seeds. Culturing of damaged seeds indi
bugs deteriorate rapidly in storage. Fat acidity increases cated that numerous secondary microorganisms were 
because of bean fat decomposition induced by micro- present, while undamaged seeds were, for the most part, 
organisms that enter through punctures made by stink free of such organisms. 
bugs. Decomposition is especially severe at high moisture 
levels (Miner and Wilson, 196,). Todd et al. (1973) TRANSMISSION OF PATHOGENS 
found that stink bug damage to developing soybeans 
caused changes in the fatty acid composition of soybean Besides l)redisposing soybean seeds to the entrance of 
oil. As the severity of stink bug damage increased, pal- secondary organisms, stink bugs have been proven to 
mitic, stearic, and oleic acids increased, while linoleic transmit the fungus Nematospora coryli Peglion. I)augh
and linolenic acids decreased. erty (1967) showed that six species were vectors of the! 

N. 	coryli causal agent of yeast spot disease. Corso et al. 
heads of N. viridula andGERMINATION 	 (1975) isolated N. coryli front 

P. guildinii collected in soybeans in Brasil. Clarke and 
Germination decreases as stink bug damage increases. Wilde (1970a and 1970b) found that adult Acrosternum 

Daugherty et al. (1964) reported that germination hilare infested with N. coryli remain infested for life 
dropped from 98 percent in undamaged beans to 37 and that 23 percent of field-collected adults were in
percent in beans with eight or more punctures. Accord- fested. 
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Fig. 2. Foliar retention of Davis soybeans at near harvest 
after caging with stink bugs at two stages of plant develop. 
mnent. Guaiba, Rio Grande do Sul, Brasil, 1974. Source: M. H. 
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Clarke and Wilde (1971) studied the eflects of yeast 
spot onl soybean quality. They examined beans storcd 
for 18 months and found no distinct difrerences in the 
oil and protein of beans fed upon either by bugs infested 
wvith A'. coiyli or by bugs free of thle pathogen. Weight 
loss in storage, however, was sign ificanti) higher inl beans 
fed upon by infested bugs. 

VARIETAL DIFFERENCES 
Veylittle has been done in the development of va-

ryie wihrssacmosikbus .Slia pr 
rietie wo istn st g M. S llinuith are 	 )eto rinb i (per-

search for stink bug resistance in the southeastern United 

No resistant varieties have yet been released, but va-
rieties do dlitler in their response to stink bug attack, 
not because of resistance, however, but because of escape. 
Short-duration varieties tend -to avoid attack to some 
extent. DIaugherity (1964) and Miner (1966) reported 
that later miaturing varieties tend to be damaged more 
than early maturing varieties. Early plantings also hlave 
snore dlamage than late plantings. In early maturing 
varieties where thme blooming-to-miaturation p~eriod is 
shortened, the period at which plants are available for 
feedings is shortened. l'arly maturation canl allow plants 
to mature before the stink bug p)opulation reaches a peak. 

ECONOMIC INJURY THkESHOLDS 

Todd and Turnipseed (1974), who determined the p :stink 
econc:nic thresholds of N. viridula, found that a popula-
tion of imore i row caused eco-than 3 bugs per eter of 

Fig. 3. Germination of soybeans with different degrees of 
stink bug damage after five months in storage. Guaiba, Rio 
Grande do Sul, Brasil, 1974. Source: M. H. Galileo. 

nornic damage. In Florida the extension service recoi
miends applying insecticides when the population reaches 
3 bugs per meter of rowv (Strayer and Greene, 1974) . In 
our project on insect management for soybeans in Brasil, 
wve recommended treatment when the number of bugs 
(0.5 cmn or longer) approachied 2 per meter of rowv in 
60-cm rows. 

The threshold level is determined by various factors, 
including variety, stink bug species, row width, number 
of pods per mieter of row, and period of pod develop

ent at which damiage occurs. Regional studies must be 
conducted to serve as a basis for local recommendations. 
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Discussion 

R. E. Ford: Rosetting and foliar retention symptoms 
similar to those you described can be caused by to
bacco ringspot virus or tobacco streak virus, and the 

foliar retention symptom is commonly caused by soy
bean mosaic virus. Do you know of any reports or 
evidence implicating stink bugs as vectors of plant 
viruses? 

E. 	A. Hcinrichs: I know of no literature indicating that 
stink bugs are capable of transmitting a plant virus to 

soybeans. Foliar retention can be caused by numerous 
factors, including severe stink bug attack. 

Minimum Effective Rates of Insecticides 
in the Control of Soybean Insects 

E A. Heinrichr 

Insecticides are the primary method of controlling in- complex most difficult to control, even though its popu
sects that attack soybeans, and they will remain so for lation density may be below the economic threshold; 
some time to come. Even when practical, alternative con- (c) until recently, the importance of natural enemies as 
trol methods become available, insecticides will be an mechanisms of pest population regulation was not well 
integral component of a soybean insect management known and their conservation was considered inconse
program. quential; and (d) research has failed to provide the 

Application of minimum effective rates, i.e., the lowest extension agent with sufficient infornation upon which 
rates at which an insecticide can effectively control a to base recommendations for minimum effective rates. 
target pest, should be incorporated into such a program. Thus, as researchers we nmust provide the farmer with 
Especially important in view of the rapidly rising costs information he can use to maintain pest control and at
of insecticides, application of minimum effective rates the same time decrease production costs by decreasing
is one method of decreasing production costs. Certain the quantity of insecticide applied to the soybean eco
insecticides are ecologically more compatible when ap- system. 
plication rates are lowered, because the lower rates allow Results of recent research in parts of the United States 
greater survival of natural enemies. The presence of on minitnun effective rates have been used as a ba;sis to 
natural enenies prevents the resurgence of pest species lower recommended rates of insecticides to control soy
that would require additional pesticide applications to bean pests elsewhere. For example, rates of 1 to 1.5 kg
maintain control. active carbaryl per hectare were formerly recommended 

Farmers have used high insecticide rates for years. in Florida for the control of velvetbean caterpillar, Anti-
Surprisingly, research on the concept of minimum effec- carsia gemmatalis Hubner (Lepidoptera:Noctuidae) 
tive rates was only recently initiated, primarily because (Hinson, 1967). Based on more recent research, the 
(a) farmers wanted nearly 100 percent kill of target recommended rate was lowered to 0.25 to 0.75 kg per 
pests; (b) recommendations for given chemicals for soy- hectare (Strayer and Greene, 1974). Recommended
bean pest control are often based on the species in a pest rates of carbaryl were also reduced for the control of 
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corn earworm, Heliothis zea (Boddie) (Lepidoptera: rates. Methomyl and monocrotophos provided excellentNoctuidae), and the southern green stink bug, Nezara initial control at both rates; however, at three days afterviridula (L.) (I-eteroptera:Pentatomidae). treatment with carbaryl, control was adequate onlyThus, progress has atbeen made in certain regions, but the higher rate. Residual activity was short for all broadfarmers in major portions of the soybean-producing areas spectrum insecticides.of the world have not been provided with soybean insect Effect on natural enemies. Conservation of predatorscontrol recommendations based on research to determine

minimum effective rates. in a soybean ecosystem is an important aspect 
of integrated control. Certain broad spectrum insecticides that 

are highly toxic to natural enemies at currently recom-MINIMUM EFFECTIVE RATES OF BROAD mended rates may allow significant survivalSPECTRUM INSECTICIDES at lower 
rates. Turnipseed (1972) and Turnipseed et al. (1975) 

Control of target pests. Recommendations for broad 
 studied the effect of low rates of broad spectrum insecti
spectrum insecticides are often higher than necessary to cides on Geocoris spp. and Nabis spp., both hemipterous
provide adequate control. Turnipseed et al. (1974b) predators of soybean pests. Excellent survival of bothdetermined minimum effective rates, i.e., 80 percent predacious genera was obtained with carbaryl, even atmortality at 48 hours after treatment, for some soybean extremely high rates of 4.5 kg active ingredient per hecpests in the southeastern United States: Mexican bean tare. Methomyl was highly toxic to Nabis spp. but notbeetle, Epilachna varivestis Mulsant (Coleoptera:Coc- to Geocoris spp. Methyl parathion was highly toxiccinellidae) ; green cloverwvorn, Plathypena scabra Fabri-

to 
cius (Lepidoptera:Noctuidae) both predacious groups, even at low rates.; corn earworm; and vel- Wilkinson et al. (1975) studied the contact toxicity ofvetbean caterpillar. Control effectiveness depended upon several broad spectrum insecticides against five parasitype of insecticides, insect stages attacked, toids and two predatorsand species insecticides of soybean pests. When variouswere applied at the minimum recommended

f pest. Methoiyl as most toxic. Rates of carbaryl and field rate and lower, their toxicity to natural enemies inmnethyl p~arathion at five and teii times that of inethomyl 
were to the 

order of decreasing activity was methylMexicanrequired e ectivelv control corn earworn parathion >bean beetle larvae were controlled , ord e cr a y a s athionwith 0.2 kg toxaphene > carbaryl > malathion. Thus, a distinct dif-Meicaci e beetylarva erectrlle
le wi0. kg a ference in the effectrequired to control adults. 
on natural enemies is evident evenThe corn earworm was themost difficuhlspecies to control, requiring five times 

among the broad spectrum insecticides, a characteristic
that must be taken into consideration in the developmentmore carbaryl than the Mexican bean beetle. I)aSilva of pest management programs.

(1975) tested several broad spectrum insecticides at lowrates of 0.25 and 0.13 kg active ingredient per hectare LOW RATES OF SELECTIVE INSECTICIDESfor velvetbean caterpillar control in Brasil. Insecticides The role of selective insecticides in an integrateddistinctly differed in effectiveness between application trol program has been 
con

discussed by Ripper (1956) and 
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Smith and van den Bosch (1968). Because of their nar- 
row ranges of insecticidal activity, selective insecticides 
are commercially unattractive to the pesticide industry, 
and thus only a few are available. Those that are, how-
ever, provide an important and attractive means of 
control in an integrated approach. Wilkinson et al. 
(1975) tested the contact toxicity of the botanical insec-
ticide pyrethrin, the microbial agent Bacillus thurin-
giensis Berliner, and the Heliothis nuclear polyhedrosis 
virus against five parasites and two predators occurring 
in the soybean ecosystem. All three were extremely safe 
for natural enemies, whereas the broad spectrum insecti-
cides tested were highly destructive. 

We have field tested the selective insecticide Dimilin 
against velvetbean caterpillar (Turnipseed et al., 19 74a) 
and found it very effective at low rates. Dimilin is aurea-based chitin inhibitor that prevents normal molting 

when ingested by the pest. Consequently, it has a very 
low mammalian toxicity (Mulder and Gijswijt, 1973). 
Because of its mode of action, it was not expected to 
have a direct, adverse effect on predators. 

Initial tests with Dimilin against the velvetbean cater-
pillar in Brasil indicated that rates of only 75 g active 
ingredient per hectare were extremely effective (Fig. 1, 
2). Further tests indicated that rates as low as 5 g active 
ingredient per hectare provided satisfactory control. Our 
research also indicated that Dimilin had no adverse 
effect on the common predators occurring in Brasilian 
soybean fields, viz., nabids, geocorids, and spiders (Table1). Monocrotophos and methyl parathion, on the other 

hand, decreased numbers of all three predatory groups. 
Resurgence of the velvetbean caterpillar in the mono- 

crotophos-treated plots at 20 days after treatment was 
probably due to the absence of natural enemies. Dimilin 

/ 

Fig. 2. Defoliation of Davis soybeans by veti 
vetbean caterpillar in a field treated with 
Dirnilin and carbaryl, insecticides that differ 
in their residual activity. Guaiba, Rio Grande 

do Sul, Brasil, 1975. 

imili-759 

30 

not only had a much longer residual effect than other 
insecticides, but also prevented a resurgence of the pest, 
presunably because of its nonadverse effect on popula
tion-regulating organisms. 

Dimilin did not satisfactorily control Phsia sp., a 
species that is generally more difficult to kill than the 
velvetbean caterpillar. The population of l'lusia sp. is 
usually low in Brasil, however, and only infrequently is 
control of this pest economically justifiable. This illus
trates the importance of determining the economic im
pact of various pest species before deciding on control 
recommendations. A new group of compounds, the syn
thetic pyrethrins or pyrethroids, seems 'cy effective at 
extremely low rates for controlling Plusia sp. R. Colas 

Table 1. Resurgence of Target Pest (Velvetbean Caterpillar,Anticarsla genminatalis) and Decline of Predators 
in Soybean Field After Application of Insecticides, 
Guaiba, Rio Grande do Sul, Brasil, 1975 

Vclvetbean Precdators/m of row (no.)"
 
Insecticide' caterpillar G
 

of row) corids Nabids Spidcrs 
Dimilin ................ . ia 1. la O.alb 3.5b
 
Chlordimeform ......... 22.01) 0.9a 0.5ab 3.9th
 
Carbaryl ............... 58.3c 1. la 0.3ab 2.3c
 
Methyl parathion ....... 52.1c 0.21) 0.Ob 2. Ic
 
Monocrotophos ......... 91.3c 0.1b Ob 2. lc
 Check ............ 22.01) 1. la 0. 7a 5. 6a
 

Based on beat cloth counts. Predator counts made at 7 days
after insecticide treatment and velvetbean caterpillar counts at20 days. Means followed by a common letter are not signifi
cantly different at the 5 percent level (DMRT).
' All insecticides applied at rate of 250 grams active ingredientper hectare with a motorized mistblower delivering 520 liters of 
water per hectare. 
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(personal communication) reported from research con-
ducted in Brasil in 1975 that the pyrethroid Decis effec-
tively controlled Plusia sp. at 36 g active ingredient per 
hectare. 

Bacillus thuringiensis is another selective insecticide 
that is toxic to lepidopterous species and nontoxic to 
natural enemies and humans. Because of its mode of 
action, it takes longer to become effective, but it still 
provides adequate control of the velvetbean caterpillar. 

LOW RATES OF INSECTICIDAL COMBINATIONS 

Our 1974 research in Brasil indicated that combina-
tions of B. thuringiensis and chlordimeform provided 
initial control of the velvetbean caterpillar equal to that 
of B. thuringiensis alone at twice tile rate of the corn-
hination; residual activity also increased. Tie reason 
for the greater effectiveness of the combination is not 
known, but may be partially due to the egg-killing activ
ity, of chlordiniefori (Creighton and McFadden, 19741: 
littrich, 1967) and a repellent action on ovipositing 
moths (P. \Vright, ])'sommal communication'). Both of 
these factors c(, ild have beets responsible for the low 

number of larvae hatching and reinfesting the chlor-
dinieform-treated plots. 

B. thuringicnsis is safe to natural enemies, but its 
short 	residual activity is a disadvantage. Ignoffo (1974) 

was lost withinobserved that 65 percent of its activity 

24 hours. Increasing the residual activity of B. thurin-
giensis by combining it with chlordimeform, an insecti
cide that also appears innocuous to predators (Table 1), 
seems to provide an ecologically compatible method of 

controlling the velvetbean caterpillar. 

FUTURE RESEARCH 

Ecological studies are urgently needed in Asia to deter-
mine which pes species are of economic importance 
within the complex. Studies must then determine the 

role and importance of various natural enemies in regu-
lating populations of these economically important pest 
species. Chemicals and rates that provide adequate con-
trol of these economically important pests while allowing 
at least a portion of the natural enemies to survive should 

then be sought. 
The minimum effective rates of broad spectrum insec-

ticiles on various soybean pests in Asia must be deter-
mined. These studies should be conducted with the ob-
jective of cutting production costs for the Asian soybean 
producer and, it is to be hoped, simultaneously decreas-
ing tile adverse ecological effects of these insecticides. 
Futture research is needed on combinations of chlor-
dlimeforn plus other chemicals, such as carbaryl, that 
are generally not very toxic to natural enemies at low 
rates. 

Pesticide producers must constantly search for new 
selective chemicals. The pyrethroids hold promise in the 
control of certain soybean pests at low rates. In prelimi-
nary- work pyrethroids show some promise in the control 

of the bean stern fly, Melanogromyza phaseoli Tryon 
(Diptera:Agromyzidae), a pest of Asian soybeans (M. E. 
Edgar, personal communication). Accelerated testing of 
these and other new compounds should be encouraged 
to determine their effectiveness in controlling additional 
soybean pests and to determine their effect on natural 
enemies. 

CONCLUSION 
In recent years research on minimum effective rates 

has rapidly advanced, with a consequent decrease in the 

sates of insecticides recommended to control soybean 
insect pests. Most of the research, however, has been 
conducted in only a few geographical areas of the world 
and on a limited number of pests. This type of research 
should be expanded in Asia, where insect pests are sig
nificant constraints on production. 
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Breeding Tropical Soybeans 

Introduction 

Carl N. Hittle 

Tie tropical soybean breeder must take many factors 
into consideration. Frequently he will be confronted with 
more problems, and the need for more objectives, than 
the temperate zone breeder. Therefore, it is natural that 
a symposium onI breeding tropical soybeans deal with 
many diverse but related topics. 

Each of the topics discussed in this symposium is 
significant in tropical breeding programs. IHowever, in-
sufficient knowledge of tropical soybeans and inadequate 
time will not allow all topics of importance to the tropi-
cal breeder to be covered. Although breeding for rust 
resistance is not discussed in this symposium, it is dis-
cussed briefly in the rust symposium. Breeding for seed 
quality, which is of the utmost importance in most, if 

not all, tropical soybean breeding programs, is briefly dis
cussed here, but is also dealt with in other discussions in 
this conference. 

One of the greatest concerns of a tropical soybean 
breeding program is the germ plasm, and information on 
that germ plasm, available to the breeder. T. Hymowitz 
has compiled a working list of soybean germ plasm col
lections known to be in existence (see following page). 
In order to kee) this list up to date as more knowledge 
becomes available, breeders are requested to send infor
ination on other collections, as well as additional infor
mation on these collections, to Dr. T. Hymowitz, De
partment of Agronomy, University of Illinois, Urbana, 
Illinois 61801, U.S.A. 

United States National Soybean Germ Plasm Collections 

R. L. Bernardand C N. Hittle 

rTi~e United States )epartment of Agriculture (USDA) 

has attempted to acquire and maintain all available soy-
bean germ plasm since 1919. In that year two collections 
were established, one of early varieties at Urbana, Illi-
nois, and one of later varieties at Stoneville, Mississippi. 
USDA was able to gather from various experiment sta-
tions many of the old varieties, a total of about 1,500 
strains, introduced from eastern Asia during the previous 
50 or 60 years. In addition to the foreign varieties, all of 
the U.S. and Canadian varieties that still could be found 
were preserved. The collection has grown steadily since 
that time, until today there are nearly 6,000 strains being 
maintained. Seeds of these strains are made available 
to researchers throughout the world. 

The USDA collection now consists of several divisions 
(Table 1). The collection of named varieties consists of 
past and present commercial varieties of the United 
States and Canada. The older varieties in this division 
are simply introductions brought from eastern Asia in 
the 1910's, 1920's, and 1930's and grown commercially 

in the United States. The more recent varieties are 

mostly pure-line selections following controlled hybridiza
tion. Currently in the United States there are many 
privately developed varieties, blends, and so forth being 
sold to farmers, but because of the confusion involved, 
the United States l)epartment of Agriculture no longer 
enters any varieties of secret origin in the germ plasm 
collection. 

The largest division in the collection is that of the 
foreign cultivars, several thousand in number, identified 
by FC and P.I. numbers. The genetic collection was 
established to aid in the preservation of materials useful 
in qualitative genetic studies. In the genetic type col
lection, USI)A tries to preserve each gene, preferably in 
the original strain used by the author who described the 
trait. There are about 100 strains, including a number 
of mutants not yet studied genetically. In addition to 
the type collection, there is an isoline collection developed 
by backcrossing and involving about 60 genes and five 
recurrent parents. A third subsection of the genetic col
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SOYBEAN GERM PLASM COLLECTIONS 
Country 
and Curator Address 

Number of 
Accessions Nature and Origin of Accessions 

France 
R. M. Ecochard Ecole Nationale Superieure Agronomique 

145 Avenue de Muret 
500 Bulgaria, Hungary, China, United States 

Toulouse 
India 

H. R. Bhat'a Plant Introduction Station 
Amravati, Haharashtra 

1,800 Nepal, Sikkim, India, and many other 
countries 

B. B. Singh 

Indonesia 

Department of Plant Breeding 
G. B. Pant University
Pantnagar, Uttar Pradesh 

,4,000 Duplicates of U.S., U.S.S.R., India, Japan 
collections 

Sumarno Central Research Institute for Agriculture 
Jalan Merdeka, No. 99 

400 Local and introduced 

Japan 
T. Egawa 

J. Fukui 

Bogor 

National Institute of Agricultural Sciences 
Hiratsuka, Kanagawa Prefecture 
Plant Breeding Laboratory 

2,928 

200 

Japan 

Glycipe spfcies 

Nigeria
W. Steele 

Iwate University, Ueda 
Morioka, Iwate Prefecture 

International Institute of Tropical 2.000 East Africa, Tanzainia 
Agriculture

Private Mail Bag 5320 
Ibadan 

People's Republic 
of China Northeast Agricultural College Not Land races 

C. L. Wang
T. C. Chang 

Harbin, Heilungkiang Province 
Institute of Crop Breeding 
Kirin Academy of Agriculture Sciences 
Kung-chu-ling City, Kirin Province 

available 
Not 
availab!e 

Land races 

Republic of South Africa 
J. W. Snyman Institute for Crops and Pastures 

Private Mail Bag 116 
Pretoria 

600 Duplicates of U.S. collections 

South Korea 
K. Y. Park Crop Experiment Station 

Office of Rural Developmwnt 
Suweon 

300 Glycine species 

S. H. Kwon Atomic Energy Research Institute 1,300 Native land races 
P.O. Box 7 

Sweden 
Cheong Kyang, Seoul 

S. A. Holmberg Algot Holmberg and Soner AB 1,200 East and North Asia 
Plant Breeding Station at Fiskeby
605 90 Norrkoping 

Taiwan 
S. Shanmugasundaram AVRDC 

P.O. Box 42 
9,000 Worldwide collection, 

U.S. collections 
many duplicates of 

Shanhua, Tainan 741 
Chan Ko Lein 

United States 

Taiwan Agricultural 
Taichung 

Research Institute 2,800 Many duplicates of U.S. collections 

R. L. Bernard U.S. Regional Soybean Laboratory 
Urbana, Illinois 61801 

4,100 Genetic types, varieties, Glycine species, 
worldwide northern collection 

E. E. Hartwig Delta Branch Experiment Station 
Stoneville, Mississippi 38776 

1,700 Genetic types, varieties, Glycine species,
worldwide southern collection 

T. Hymowitz 

U.S.S.R. 

Department of Agronomy 
University of Illinois 
Urbana, Illinois 61801 

Computer-stored and data retrieval system 
for Glycine germ plasm available in Ur
bana and Stoneville collections 

N. I. Korsakov Vavilov All Union Institute of Plant 2,500 East and North Asia 
Industry 

Gerzem 44 
Leningrad 

Additional Collections: 	Australia: CSIRO, Division of Plant Industry, P.O. Box 1600, Canberra City, A.C.T. 2601 
Bulgaria: National Institute of Agriculture, Sofia 
Hungary: Agricultural Experiment Station, Iregszemcse 
Philippines: College of Agriculture, University of the Philippines, College, l.aguna 
Rhodesia: R. Tattersfield, Ministry of Agriculturc, Causeway, Salisbury
Romania: Agricultural Experiment Station, Fundulea 
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lection is the recently established cytogenetic collection, 
which will be developed and maintained by Reid Palmer, 
cytogeneticist at Iowa State University, Ames, Iowa. 
In the species collection, USDA has represented all or 
almost all of the known species of Glycine, including 
Glycine soja and seven perennial species. 

In Table 2 the collection is broken down into the 

Plasm Collec-
Table 1. Divisions of USDA Soybean Germ 

1976iontion, 1States 
Location 

Category Urbana Stoneville Total 

U.S. and Canadian named 
varieties ................... 237 


FCstrains ................... 51 

P.1. strains .................. 2,999 
GeneticTypes .................... 99 


Backcross isolines........... 215 

Specics 


Annual 	 ........... .... 361
Percnnial .. . . . . . . . 161 


Total .................. ,123 


101 338
 
39 90 


1,514 4,513 


. .99
 

20 235 


... 361 


... 161
 
1,674 5,797 


Table 2. 	Maturity Grouping of USDA Soybean Germ Plasm 

Collection, 1976 


Maturity Named FC 1P.1. Total 
group 	 varieties strains strains 


Northern region 

00 .................. 15 5 

0.................. 18 6 


.................. 42 3 

II .................. 45 6 


III .................. 52 v3 

IV ................ 65 18 


Unknown ................ 

Total .................. 237 51 


Southern region 
V ................. 24 


VI .................. 25 

V II .................. 25 


VIII .................. 26 

IX .................... 

X .................. 1 


Total.................101 

Grand Total ............ 338 


10 

10 

17 

2 


.. 


39 

90 


g 	 -a- sthese 

210 ' .0 
287 311
 
308 353 

545 596 

667 732 

927 1,010
 
55 55 


2,999 3,287 


733 767 

189 224 

218 	 260
 
189 217 

49 49 

136 137 


1,514 1,654 
4,513 4,941 


Table 3. History of Soybean Introductions into the United States 

Intro-

Period No. of Rate/yr duced 

1898-1907 ............ 

1908-1923 ............ 

1924-1928 ........... 

1929-1932 ............ 

1933-1972............ 

1973-1975 ............ 


Total.............. 


years strains
(no.) 

10 10 105 

16 60 961 

5 380 1,902 

4 1,190 4,775 

40 70 2,800 


maturity groupings used in the United States and
 
Canada. The genetic and the species collections are not
 
included in this grouping. Of the total 4,941 strains,
 
3,287 are from the northern and 1,654 from the southern
 
regions. Varieties and strains of maturity groups VIr,
 
VIII, IX, and X are of special interest to tropical soy
bean programs. However, earlier maturing varieties, such
 
as Williams, Davis, and Hill, have done well at some 

tropical locations. 
The history of soybean introductions into the United 

is summarized in Table 3. The active collection 
periods of the 1920's and early 1930's and of the past 
two years contrast with the slow accession rate for most 

of the intervening 40 years. Tei northern collection is 
predominately from easter Asia, with about 30 percent
 

from China, 30 percent from Korea, 20 percent from 
Japan, and 20 percent from Europe. The southern col
lection is predominately from eastern and southern 

Asia, with major collections from Korea, Japan, India, 
Indonesia, and tile Philippines, as well as from several 
other Southeast Asian countries. Some recent additions 

have come from South America and Africa. These acces
sions range from primitive, native varieties to recently 
developed, experiment station varieties. Many have come 
in from commercial or otLer nonagricultural sources, and 
there is no information about the nature of their origin. 

The breakdown of the annual wild soybean (G.soja) 
collection is shown in Table 4. Seventy-one percent of 

accessions fall within maturity groups V and VI. 

Recent collections in Korea and Japan have appreciably 
increased the number of accessions from these two 

countries. Intense interest is being shown in collections 
of the annual wild soybean, which appears to have the 
mest potential value to the breeder because itwill cross
 

with the cultivated soybean, while the perennial species 
will not. 

The distribution of the 161 accessions of each of the 
seven perennial species, with a predominance of acces
sions from G. tabacina,G. tomentella, and G. wightii, is 

indicated inTable 5. 
Details of the procedure for requesting seeds from the 

USDA soybean germ plasm collection are indicated in 
Appendix I. Collection lists and evaluation reports are 

also available upon request.
 

Germ plasm collection 
Groups 00-IV Groups V-X
 

Named NamedP.I.
strainsP.1I. vari- i vari
eties eties 

1 12 0 4
 
49 20 3 7
 
275 5 13 9
 
911 30 100 5
 

1,264 .. 846
 
3 350 1,051 ' 499 552
 

78 11,594 2,999 67 1,514 
 25
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Table 4. 	Maturity Grouping and Origin of Accessions quests will be filled as soon as possible after being re-
Through 1976 in USDA Wild Soybean (G. soja ceived, but large requests may take a month or more, 
Sieb. and Zucci.) Germ Plasm Collection and unspecific requests even longer. There is no charge 

Maturity outyforgnTotal	 for seed for research purposes. 

group U.S.S.R. China Korea Japan T Specify how many seeds you want. A stmidard i
quest is about 50 seeds per packet. but %%(can easil%
 

00 4 4 furnish a smaller numbcr, and if seed supply permiits. %vill
 
I ............ 5 5 also furnish larger aniotints. If no ailiount is specified, we
 

Country of origin 

II ............ 5 17 .. 22 will send 50 seeds. Seed counts are only approximate: \\t
 
III ............ ...... 25020 usually cup the seeds and tan only partially compensate
 
V .............. 'a. 90 45 143 for size and gennination variation. In the case of named
 

VI .............. 4 24 85 113 varieties, we can sometimes furnish larger amounts, u)
 
VII ............ .. 1 .. 45 46
 

VIII .............. .. 0 to approximately one kilogram, and even more iin the
 
IX ................ . 0 case of varieties we are currently yield testing. The
X . . . . .. .. ... . . . 2) .. 2 	 ' s ' (Taiwan) 	 tropical perennial species (all species other than G. max 

Total ............ 15 32 134 180 361 	 and G. soja) are difficulh to grow and rel)rodutce, and
 
nornmally only five to ten seeds will be sent.
 

0 Before sending your request, please verify the accuracy 
Table 5. Species Distribution of USDA Perennial Glycine of your strain de.ignations and whether the strains ar 

Collection, 1976 maintained at Urbana or Stoneville by checking theni 
against a current checklist or evaluation report. Ve get 

Species Country of Number many reluests foi nonexistent varieties and P .'s. Youoriginorigin are in a better position than \we are to correctly identify 

G canesccns ...................... Australia I what you wallt. 
G. dandestina..................... Australia I I
 
G.falcata ........................ Australia 3Lists and reports are available to assist you in selecting
 
G. latrobeana ..................... 	Australia 1 and requesting germ plasii. With the exweption of those
 
G. 	tabacina....................... Australia 17 marked otherwise, all cvn be obtained from )r. Bernard
 

Taiwan 5
 
Japan 3 at Urbana, Illinois. 

G. tomentella ...................... Australia 17
 
Taiwan 8 Checklists of name and maturity group:

Philippines I
 
Ethiopia I 00 to IN varieties, 1976
 

G. wightii........................ 	Africa 93 Groups 00 to IV I"C and 1.1. strains. 1975
 
IndiTotal 	 161 Groups V and VIII varieties and FC and 11.I. strains, 

1975 ()r. 1a rtwig, Stoneville. lississippi) 

Evaluation reports giving origin of strains and descriptive,
 
APPENDIX 1: PROCEDURE FOR REQUESTING SEEDS agronomic, and seed composition data:
 
FROM THE USDA SOYBEAN GERM Varieties, groups 00 to IV, 1970
 
PLASM COLLECTION Varieties and FC and P.I. strains, groups 00 and 0. 1965
 

USDA maintains a collt (liun of soybean germ plasm, Varieties and FC and P.I. strains, groups I and 11, 1966
 

comprised of about 6,000 strains of current and obsolete Varieties and FC and P.1.strains, group t X,'. 1969
 
American varieties, foreign introductions, genetic types, (Dr. Hartwig, Stoneville, Mississippi)
 
and related species. Seed packets are available for re- (Dr. I-Iartionvie, M nssisai
Recent additions, varietiesadPI tar.,gop 0t
 
search purposes upon request. The following points are a IV, 1970
 
guide for requesting seeds:
 

0 Address requests for early varieties and P.I. and List of Genetic Type Collection
 
FC strains (maturity groups 00 to IV), genetic~types (T- List of backcross isolines of Clark and Harosoy 
strains), and wild species of Glycine to: Dr. PRichard I. List of wild soybeans, Glycine soja 

Bernard, U.S. Regional Soybean Laboratory, 160 Daven- List of perennial Glycine accessions 

port Hall, Urbana, Illinois 61801; telephone (217) 333- We appreciate knowing the intended use of the seeds 
-1639. Address requests for late varieties and P.I. and in all cases, and we must know it in the case of requests 
FC strains (group V to X) to: Dr. Edgar E. Hartwig, for very large amounts. We also appreciate receiving 
Delta Branch Experiment Station, Stoneville, Mississippi copies of publications or other information derived from 
38776; telephone (601) 686-9311, extension 230. Re- the use of these seeds. 
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An Integrated Strategy for Daylength and Temperature-Sensitive 
Screening of Potentially Tropic-Adapted Soyabeans 

R. j Sumnnerfield andF R. Minchin 

It has long been recognized that appropriate adaptation 
to daylength is important in soyabeans. Indeed, scores 
of scientists, among them, Weiss (1949), Hamner 
(1969), and Shibles et al. (1974), have written about the 
effects of plhotoperiod on floral induction, as well as al-
most all other aspects of soyabean growth and develop-
ment. As Howell noted in 1960, "There appears to be 
no case in which a soybean variety is indifferent in its

howell again made a similar
respoiise to day length." Hosuccessive 

observation in 1963, and Weber in 1968. More recently. 

day neutrality with respect to the onset of flowering, 

especially for varieties from early maturity groups, has
beenreprteanbyCriwelHue (972 an Poson 

been reported 1b,Criswell and Hme (1972) and Poison 
(1972), among others, 

Unfortunately, research related to the effects of teni- 
perature on flowering has been markedly neglected de-
spite early observations by Steinberg and Garner (1936) 
and Parker and Borthwick (19-13) that cool tempera-
tires, particularly at night, can reduce the response of 
soyabeans to inductive photoperiods. Too often neither 
day nor night teniperatures have been precisely con-
trolled (Potsonh 1972) if at all (Byth, 1968). oin 1968 
Bytli observed that "the countmy or latitude of origin of 
accessions is of limited value in predicting adaptation to 
specific environments," and that "a ielatively complex 
system is it,'olved in the action of genes controlling 
photoperiodisni in soybeans." Recently, however, the 
iterative regression analysis technique was developed to 
relate the rate of soyabean reproductive development to 
differences in both daylength and temperature (Major 
et al.. 1975). Although average daily temperatures were 
used, it was found that the coolest regimes had the great-onogen. 9themselves 
est effects on reproductive ontogeny, 

est ffecs ol rerodctiv 

PREDICTIVE SCHEMES AND SCREENING TECHNIQUES 


The climates of both the humid and the seasonally 
arid tropics vary significantly with respect to daylength 
and temperature. Relatively small differences in altitude 
can bring about large differences in night temperature 
(Huxley and Beadle, 1964). It is necessary, therefore, to 
determine the eflects and interactions of all these factors 
on as many soyabean accessions as possible in order to 
select varieties prudently for breeding and local trials. 
Numerous "time-of-planting" studies have been carried 
out, especially at higher latitudes in the United States, in 
attempts to quantify lliotoperiodic effects on phasic de-
velopmnent (Hartwig, 1954; Osler and Cartter, 1954). 
In isolation, such studies are not well suited to photope-
riodic research, because they offer no control over other 

environmental factors (Best, 1959). It is not possible 
during the growing season to field test the effects of day
length on time to first flower in potentially tropic
adapted soyabeans, for example by sowing at different 
dates, unless the effects of temperature can be studied 
simultaneously, for example by sowing at different alti
tudes. Nor is it possible to accelerate photoperiodic 

screening 	 of large germ plasm collections by exposing
batches of plants to inductive daylengths for asmall number of diurnal cycles and then growing them 

under natural daylengths of 13 to 16 hours (Huxley et 
ande1974).al., 197-1). 

.A range of photoperiods can be created at any given 
latitude by extending the natural daylength with in
candescent lights suspended above the crop. Light in
tensitiesas low as 2 foot-candles are ample to elicit 
photoperiodic response in soyabeans (Yoshida, 1952). 
1or comparative p the natural daylengths in 
hours of light above 1, 2, 5 or 10 foot-candles at dif
ferent latitudes are readily available (Francis, 1972). 
Flowering of some daylength-sensitive varieties, how
ever, is increasingly delayed as light intensity is increased
from I to 12 foot-candles (IITA, 1973) ; the possibility, 
indeed probability, of temperature interactions with 
these treatments cannot be ignored (Poison, 1972). 
Furthermore,the use of low-intensity, incandescent light-
Fnrhcanno t u e o d ie ent n g 
tng cannot equate to different daylengths in energetic 

mandhence plant growth (Lie, 1971). 
Soabean seed yields are dependent upon the product 

o bh veetie areproduct ponte which 
of both vegetative and reproductive components, whichare markedly affected by photoperiod and day 
and night temperatures. For determinate varieties, which 

(ease vegetative growth at or soon after flowering, the 
plant size, and hence the number of nodes produced, de
pends on tie rate of vegetative growth and the duration 
of the preflowering period. Under tropical environmental 
conditions, time to first flower is determined by geno
typically controlled responses to both photoperiod and 
night temperature, whereas the rate of vegetative growth 
appears far more dependent upon night temperature than 
either daylength or day temperature (Huxley and Sum
merfield, 1974). Moreover, this vegetative component, 
described in Fig. 1 as the "phenological potential" for 
seed production, may not realize its full potential, i.e., 
reproductive efficacy, because of adverse effects of warm, 
day temperatures on flower and pod abortion. The rate 
of leaf senescene and nodule longevity (yield culmina
tion) may also be adversely affected. Clearly, a strategy 
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Fig. 1. Components of seed yield 	 in soyabeans. whereby preliminary screening for daylength sensitivity 

Vegetative growth is carried out in the field and appropriate varieties then 
rate examined further for temperature responses in the glass

1. Number of nodes plant (NJ -	 , X o house. Such a strategy has been adopted and tested forI Duration of 

Ipreflowering period 	 cowpea (Vigna unguiculata). and has proved accurate 
and reliable (Summerfield et al., 1976a). Experiments 

2. 	 %/oof N, which become reproductive are in progress to assess the reliability of this technique 
for screening work with soyabeans. 

(1 *- 2) = Phenological potential 

EXPERIMENTAL BACKGROUND 

3. Number of flowers per reproductive node (F) N 	 In a series of factorial experiments carried out inNumber of pods per ossweri 	 an d'nd I te

[reproductive node (P) glasshouses, wherein clalength and day and night ter
4. 	 % of F which set pods peratures are automatically and preciseJy controlled, we 

have investigated the effects on flowering of different 

5. 	 % of Pwhich are retained daylengths and night temperatures characteristic of 
humid tropical values (Iuxley and Sininierfield, 197.1. 

6. 	 Number of seeds per pod (S) Table I summarizes the results of these experiments. As 
expected, many varieties flowered earlier during the 

(3 	 X 4 X 5 '.' 6) Reproductive efficacy shorter of the two daylengths (II hours 40 minutes com

pared with 13 hours 20 minutes), but during warmer 
7. ICarbon supply nights (24°C) sensitive cultivars such as Improved Peli

°/.of S which attain maturity Nitrogen supply can flowered by as much as 20 days sooner than during 

cooler nights (19°C). In several cultivars, including TK 

Mean seed growth rate 5, Bossier. and Belgian Congo, the effects of the longer 
8. 	 Mean seed weight -

1
>' daylength in delaying flowering and of the wanner nights 

IDuration of pod fill in hastening it almost exactly offset one another. As a re

(7 >" 8) = Yield culmination suit, the differences in time to first flower under the ex
treme environmental combinations (short days/cool 
nights and longer days/warmer nights) were no more 

Yield 'Plant 0I X 2) \ 13 7 4 -' 5 \.' 61 ((7 , 8) than two days (Table 1). It could therefore be very diffi
cult to interpret data on time to flowering collected in 

is required to screen large numbers of accessions for their 
responses to photoperiod and day and night tempera- Table 1. Effects of Daylength and Night Temperature on 
ture, not only with respect to the onset of flowering, but Time to First Flower (Days from Sowing) in Se

also with respect to the overall efficacy of seed production lected Soyabean Varieties, Three Replicates 

thereafter (Summerfield, 1975a). 	 Elnvironmental treatment Sensitivity to 
Even though conditions in controlled enviroiments combination Night 

are uniform in space and time, research should be able Variety I I hr 40 min 13 hr 20 in l)ay- tern
to predict the climatological situations in which particu- 24°C 19°C 24°C 9 length pera

____ 24tC 24T: 19'C ____reIf the direction andlar varieties are unlikely to succeed. 

magnitude of the effects of climatic factors on selected Grant .............. 25 27 25 27 - Slight
 
varieties are known, the types needed for particular cir- Clark 63 ............ 26 28 26 31 Slight Slight
 

SRF 300 ............ 26 27 26 30 Slig.-t Slight

cumstances can be more critically defined, and potential Tokachinagaha ...... 26 29 26 30 Slight Slight 
sources of genetically adapted or invariant material can CES 407 ............ 26 44 >604 >60 + + 
be identified (Summerfield, 1975b). However, it is all Hshi-Hshi ........... 28 33 28 34 - +
 

TK 5"............ 29 35 35 44 + +
 
too easy in poorly controlled and/or in poorly simulated Bossier .............. 31 34 35 42 + +
 
environments to produce plants that bear little resem- Belgian Congo ....... 31 37 37 44 + +
 

Improved Pelican .... 32 37 39 59 + +
blanee in growth and development to plants growing in Bukalasa ............ 34 41 52 >60 + +
 
the field, especially nodulated legumes (Summerfield et Yellow Keeble ....... 35 46 >60 >60 + +
 
al., 1976b). Furthermore, although world collections of 3H55F .............. 37 45 >60 >60 + +
 

Hernon ............. 37 45 >60 >60 + +
 
potentially tropic-adapted material may incorporate sev- HLS 223 ............ 39 45 >6(? >60 + +
 
eral thousand genotypes, the numbers that can beaccommodated in controlled environments such as glass- > indicates no flowering by the number of days shown when,

because of overcrowding, these daylength-sensitive plants were 
houses in any one year may represent only a small frac- discarded. 
tion of the total germ plasm collection, especially when b Note the consequence of equal and opposing temperature and 

daylength effects on flowering of TK 5, Bossier, Belgian Congo, 
plants need to be grown to reproductive maturity. It is and Improved Pelican when grown tinder short-day, cool con
therefore desirable to develop an integrated approach ditions or longer day, warm conditions. 
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field trials at stations in different localities. Clearly, a 
breeder cannot hope to study the inheritance of time to 
first flower unless he knows the physiology of these inter-
actions that produce similar phenotypic results from op-
lsin,. genetically controlled responses. 

In experiments using controlled environmental growth 
caihijocs we have examined the effects of factorial corn-
binations of daylength. and day and night temperature 
,,i '.,,rowth. reproductive development, and seed yield 
0f \ittlv TK 5. Plants are grown to maturity in eight 

i'i (nhlients comprising all combinations of two short 
da\lyhlths (11 hours -10 minutes and 13 hours 20 rain-utw'to da.yN temperatures (27' and W3C). and two 
nigh .to nmpeal r aund 270and ux t., and two. 
night tenmperatures ( 19 and 2.1 'C (I luxly et al.. 1976). 
Taller. later flowering plants with more branches were 
produced in the longer daylength, but seed yield was 

amrdlv affected because t e yield components did not all 
respond in a simila r way. In the warmer. day tempera-
tore treatments. seed yield per plant was reduced by 
hall' because all dielcomponents were adversely affected, 

ha If llvtd .easpods per plant by 3-1 percent, mean seed dry weight b\ 
2,1 percent. and seeds per pod only slightly. There m-as 
a marked effect of the warmer night temperature. whichl 

ronted ea rly vegetative growth and induced early
flowering. Althouglh the overall number of pods per plant 
was reduced by -18 percent. seed yield per plant was little 
affected because mean seed dry weight increased by 37 

p~ercen51t. 'Ihel( nunmber of seeds per pod also iiicre. sse 
slightly. Similar responses have 1 od or cow 

slh ly. ila reso das beerrde d fr 
peas il which wari, day telperatutre, after flowering 
casi markedly reduce 1)henological yield potential. Cuniu-
latively increased abortion of flowers and young pods, 
combined with rapid leaf and nodule senescence, results 
in yield reductions of at least 50 percent compared with 
plants that first flower at more or less the same time, but 
u1atmire nnder rooler teml)eratures (Sumnirfield, 1975a).

lldscreeinig technique, rather tlne 
i a 

that screens for photoperiodic effects alone, is highly de-
sirable in matching soyabean varieties to particular parts 
of the tropical agricultural calendar. 

INTEGRATED SCREENING STRATEGY 

In Nigeria results for 29 cowpea cultivars grown in 
the field with incandescent lamps have shown close 
agreement with data obtained in daylength- and ten-
perature-cotrolled glasshouses at Reading (Table 2). 
Sixteen cultivas were allocated an identical ranking 
for daylength sensitivity with respect to flowering; the 
remaining cultivar. diflered only by one rank. Field 
trials failed to ides.tif those tuhivars with only slight
daylength sensitivity (Susmuimerfield et al.. 1976a. How-
ever, because night tenuporatures were relatively wari 
(22'C) throughout the field trials, those cultivars identi-
fied as "daylength-iusensitive" must still be checked in 
the glasshouse for night temperature sensitivity ('able 

I). A reliable iethod having been established for 
daylength-sensitivity screening in the field, glasshouses can 

nowv be used as an adjunct to field trials in screening 
Cultivars identified as "daylength-insensitive" for effects 
of night and day temperature on flowering and seed yield 
(Fig. 2). An identical approach is currently in progress 
to test this hypothesis on soyabeans. 

DISCUSSION 
The effects of daylength and night temperature on 

days to flowering in both soyabeans and cowpeas can be 
differentiated with respect to ways in which the two 
environmental fa'ctors affect sensitive, compared with 
insensitive, varieties. Warmer night temperatures cause 
only a small decrease (I to 4 days) in number of days 
to first flower in temperature-insensitive varieties (I luxley 
and Sunimerfield. 1974; Sumnierfield et al., 1976a). 
The greater day-night temperature difference (300 and 

30° 19°C. comipared with and 24 C) gave a more pro
tracted 	vegetative period in daylength-sensitive cultivars 
under the longer daylength. Our data agree with those 

t r d vnder Ou\ata agree i 
fromi a recenst stud y alc n olege i 

s aprepatatio) , s rsing quantitative detail, they investigated 
the effects of four daylengths, four night temperatures,
and two diurnal ranges (30 and 6°C) in factorial coin

bination on flowering of daylength-sensitive and day
length-insensitive cultivars of Phaseolus vulgaris. They 
concluded that both daylength and temperature affect 
cocue that bothlolylent and temerature Tey 

th e rate of plant development and,( differentiationu. They 
also found that for daylength-sensitive cultivars the ef
fects of night temperature, daylength, and interactions 
between these two factors were all much larger vhen the 
diurnal temperature range was 6°C rather than 'VC. 
Clearly. appropriate adaptation to factors other than 

Table 2. 	Times from Sowing to First Flower for Selected 
Cowpea (Vigia unguiculata) Cultivars Grown 
Under Similar Daylength and Night Temperature
Regimes in Glasshouse and Field in the Tropics 

Glasshouse trials Field trials 
(oltivar Days to Sensi- )ays to Sensi

lirst tivity first tivity 

- flower ranking floer ranking
TVu 32 ............... >100 2 >65 2 
TVU 76 ............... 41 0 41 0 
TVu 155 .............. 6 1 48 0
 
TVu 264-2 ............ 46 1 47 0

TVu 301 -1............ 56 0 49 0
 
TVu:354 .............. 49 0 47 0
 
TVu 1000 ............. 60 0 60 1
TVu 1016 ............. 46 0 44 0

TVu 1035 ............. 52 1 51 1
 
TVul 1174 ............. 38 1 38 0
 
TVu 1190 ............. 79 2 >65 2
TVu 1503 ............. 40 0 37 0
T%'I, 4352 ............. 44 1 45 0 
T\,u 61911 ............. 41 0 41 0 

Sensitivity ranking: 
0 = insensitive: range between treatments 0-3 days 
I - slightly sensitive; range between treatments 4-10 days2 = very sensitive; range between treatments > 10 days

"Ranking at 13 hours 20 minutes for 24°C night temperature. 
Ranking at 13 hours 30 minutes for 22°C night temperature. 
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TOTAL GERM PLASM COLLECTION (1000/,) 

RA 	 FIELD SCREENING 

NATURAL PHOTOPERIOD 	 EXTENDED PHOTOPERIOD
 

(Incandescent Lights

(Short days) 

above crop--- long days) 

Record time to first flower: 
Select cuttivars flowering after 
approx. same time in N and I 

I
 
Daylength insensitive cuttivars 

& 

Daytength and night temperature sensitive cultivars 

GLASSHOUSE SCREEN (1o) 

Constant daylength 

Warm nights 	 Cool nights 

Warm days ool days Warm 	 days Coot days 

Effects on components Effects on components 
of yield & rate of leaf of yield & rate of leaf 

senescence 	 senescence
 

GENOTYPES Daytength insensitivity GENOTYPES 

SCREENED or SCREENED 

FOR MAJOR - Daytength and night FOR MAJOR 

SENSITIVITY TO temperature sensitive SENSITIVITY TO 
3 ENVIRONMENTAL genotypes identified 3 ENVIRONMENTAL 
FACTORS FACTORS 

Fig. 2. Schematic representation of an integrated strategy for daylength and temperature-sensitivity screening of po
tentiall7 tropic-adapted soyabeans. 
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daylength alone are of major importance, and inter-
actions between factors should not be neglected when 
selecting cultivars for particular locations. 

Extending natural daylengths in tropical localities 
wi ithlow-intensity, incandescent lighting should prove 
effcciive for daylength-sensitivity screening in soyabeans. 
I Jowever, in addition to extending natural daylengths to 
tiaxinuni values characteristic of any given geographical 
,iwe. the efficacy of night-break lighting, e.g., two hours 
ill, low-intensity. incandescent light in the middle of each 
drk period, as a screen for daylength neutrality may \s ell 
tyterit investigation. 

lurthermore, it may he prudent to use iminiinuii light 
intensities of about 10 foot-candles at canopy level in 
order to maximize plhotoiierindic re'sl, mus. Vlichever 
approach is adopted, it seents clear that for many le-

gunes, including sovabeans, tic field sceening site should 
be located in tropical en\virolinent, Ihat experience warm 
clays and cool nights. In this via the effects on flowering 

of tdavlengtl. iiglt trll'e, in
tlt'uiltl anld diurnal changes 
temperature can Iw ma.\iIlel. '[his should not pioe 
too cliffictilt, sin v mollitha ges illaltitude can bring 
about lirge thiliei ni~cs in night temperature at aity 
latitude within the tropics ( luxley and Beadle, 1964). 

,\all\-ni'lorts illthe literature, including Bula (1973), 
have imdicated that controlled environment facilities are 
itSI lavot slsfor studying tlie effects on plant growth ofi I4t 

closely co'tf.lacled, diurnal, and seasonal factors encoun-
tered illthelield situation. There ire problems involved 
illextrapolating from experiments in controlled environ-
nlents to the natural situation, as Evans (1963), among 
others, has observed. Perhaps the most severe limitatiois 


occur when using controlled environments to study the 
relative magnitude of the efl'ects of individual enviro2I-
mental factors ill isolation: lntitations are also eloIlll-
tered in a ssuming that a single environmental coiIta inl-
lion is optinial for all stages of plant growth. 

By tile' judicious use of controlled enivironmelt facili-
h t 
ties as I Omplenielt to field reseamch I RIp1'r. 1973), sci-
elitists have devised strategies to subistantially reduce the 
cost-etlclt ratio for agriculttlral research. Tile integrated 
ipliroach described above would seem to be an appropri-

;1t -cxaiple of the way iutwhich collaborative research 
can be productive and efficient. Indeed, there seems 
little point in screening soyabean varieties only for day-
length sensitivity itp to first flower (Byth, 1968) and ig-
noring the effects of temperature and interactions with 
daylength over this same period and thereafter. Geno-

differenes ilt senisitivity to warm, day temperaturestypic dGrowth 
during the later stages of reproductive ontogeny (Fig. 1) 
may well dictate the outcome of plienological potential 
for seed production whether or not this has been maxi-
mized by appropriate selection for daylength and/or 

tm uteiperature effects during vegetative growth. 
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Important Considerations for the Development
 
of a Soybean Classification System for the Tropics
 

S Shaniugasj'tndaram 

The soybean is recognized as a short-day plant with 

sensitivity to changes in photoperiod (Borthwick and 
Parker, 1939; Garner and Allard, 1920). Because of 
their photoperiod sensitivity, varieties from the temperate 
zone flower too soon and mature too earl), when grown 
in the tropics and subtropics. Thus, a variety's range of 
adaptation is limited (Cartter and Hartwig, 1963). 1low
ever, experimental results show that varietal differences 
in response to photoperiod do exist in soybeans
(AVRDC, 1974 and 1975; Criswell and Iume, 1972: 
lluxley and Summerfield, 1974: Johnson et al., 1960; 
Poison, 1972; Rachie and Plarre, 1975). 

Rice farmers in tropical areas have for many years
been aware of two distinct types of rice cultivars, namely,
the "date-fixed" or "season-fixed" type, which exhibits a 
marked sowing date effect, and the "period-fixed" type,
whose sowing to heading interval is relatively unaffected 
by sowing date (Chandraratna, 1964; Chang and Ver-
gara, 1972). Similarly in soybeans, there are cultivars 
whose duration to flowering is relatively unaffected by
planting date (AVRDC, 1974 and 1975; C2riswell and 
flume, 1972; Poison, 1972). These cultivars can be 
termed period-fixed; the term "duration-fixed" is also 
suggested. The relative duration from flowering to ma-
turity is a constant within a cultivar (Johnson et al.,
1960). The date-fixed or season-fixed varieties will be 
season, as well as location, specific. Conversely, the dura-
tion-fixed types have wide adaptability. If duration -fixed 
varieties are available, specific types can be selected for 
any particular duration requirement, regardless of loca-
tion or time of planting. Such varieties should fit in well 

with various multiple cropping schemes coimnonly prac 

ticed in the tropics and subtropics. ''herefore, th 
,VR1)C soybean germ l)asi collection is being screene 
to identify photoperiod insensitive genotypes, which ar, 
necessary if duration-fixed varieties with wide adapt 
ability are to be developed. 

SOYBEAN CLASSIFICATION SYSTEMS 

During the early 190 0's several classification system!
based on seed coat color and other morphological trait! 
were developed for soybeans. The first classification basec 
on maturity was developed by Piper and Morse (19-13)
who classified the germ plasm into seven groups: vet' 
early, 81 to 90 days; early, 91 to 100 days: medium early. 
101 to 110 days: medium, II to 120 days: mediuml late, 
121 to 130 days: late, 131 to 150 days: and very late, 
more than 150 days. 

Nagata (1972) initially classified soybeans into sum
mer, intermediate, and autuni types. 'Ihe summer types 
were subdivided into three classes: SI, SI, and SIT; the 
intermediates into two classes: MIII and MIV; and the 
autumn types into three classes: AV, AVI, and AVII. 
This classification was based on (a) the days from sowing 
to first flowering, (b) flowering duration, and (c) days to 
naturity and their interielationships. Another classifica
tion, based on determinate and indeterminate growth

habits, was developed later. According to the number 
of nodes after first flower, subclasses 0, 1, and II in the 
determinate group, and III, IV, V, VI, and VII in the 
indeterminate group were distinguished. Fukui (1961) 

http:241-2.48
http:uo,:iu.ik
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modified the Classification specifically for Japanese soy-
bean varieties, 

'le Il'nited States )epartment of Agriculture soy-
bean gern plasm collection has been classified into 12
maturity groups numbered 00 to X. ''ie placing of a 
genotyJ)e into a rmaturitv grouping is based on long-term
maturity classification in relation a reference varietyto 
for each iMatiuritV group (Weiss, 19-19). The varieties in 
eghroup have a narrow range 	of adaptability because 
of photoperiod sensitivity. 

INAPPLICABILITY OF EXISTING CLASSIFICATION
SYSTEMS IN THE TROPICS 

Of the existing soybean classification systems, the U.S. 
naturity groups have been developed exclusively for the 
United States and southern Canada, i.e., for the tem-
peraeie zone, where there is usually only one growingseason. Planted during long photoperiods, soybeans
Ilwer ad111 the daylength shorter.ma ture as becomes
When the U.S. and Canadian classification is used in 
the tropics, the different planting periods throughout theyear 	cause complications. The behavior of cultars 


within groups var;es during dit'erent seasons, and even 
within a season the identity of the groups islost. 

'Ile following examiiples are cited to indicate the inap-
plicahility of existing soybean classification systems for 
the 	[ropics: 

1.Woodhouse and Taylor (1913) recognized from their 
soybean plantings that the relative maturities of varieties 
were considerably different in India than they were in 
the United States. 
2. In recent years a huge percentage of the USI)A
germ plasm collection has been screened by researchers 
in 	 India. It was found that the maturity classification 
commonly used in the United States and Canada is un
satisfactory. 

3. Results from INTSOY-ISVEX trials, conducted at 
the present time in many parts of the world with repre
sentative cultivars from different maturity groups, alsoindicate the inapplicability of the U.S.-Canadian classification, especially at low latitudes (Whigham, 1975).
4. When grown in the tropics, all varieties in early ma
turity groups invariably flower too soon and perform 
poorly 	(I-Iartwig, 1970).

'he classific 
5ation system developed inJapan was also
 
specifically designed for temperate conditions. Days to 
whichflowering, floweringthe basis for and to maturity,are duration, daysthe 	classification, varied con

siderably in the tropics, making the system inapplicable
for tropical regions. 

At AVRDC, recent evaluation of germ plasm for 
flowering and maturity also indicates the weaknesses of 
existing maturity classifications. In an observational 

Fig. 1.Frequency distribution of 2,476 soybean accessions belonging to the 12 U.S. maturity groups when classified for days to
inaturity at AVRI)C. 
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screening trial in which all 12 maturity groups (00 period sensitivity or insensitivity of the varieties will 
through X) were represented, 2,476 accessions from the determine their major usefulness. 'Ilierefore, identifica-
AVRDC germ plasm collection were grown under natu- tion of accessions insensitive to photoperiod was at
ral daylength in 1974 and 1975. Many of the accessions tempted in the soybean germ plasm at AVRDC. Initial 
were planted on 13 September 197] and the remainder screening of pliotoperiod insensitive lines (AVI l)(. 
on 24 September 1975. Some accessions were grown ill 197-) enabled us to define I)hotoperiod insensitivity (hPi). 
both plantings. l)ata were collected on days to flowering A 'i line is defined as one that will flower withint a 
and days to maturity, range of 5 days regardless of daylength. At .\VRI) day-

Many genotypes from difrerent T.S. maturity groups length ranges from 12 to 16 hours (AVRI):. 1975. 
matured in the same number of days when grown at )uring the spring of 197-1, 1,978 cultivars from the 
AVRI)C (Fig. 1). However, the 2,476 accessions can be AVRIC germ plasmi were screened in the field, using 
classified into either five groups based on days to only the natural day treatment, i.e, about 12 hours of 
flowering or six groups based on days to maturity (Fig. daylight. A separate but otherwise identical planting was 
2). When the accessions are grown in latitudes closer to supplemented with incandescent lights (500 lox or 5) 
the equator than the AVR)C location (23°N.), as well foot-candles) for the 16-hour treatment (AVII)C:. 
as at varying altitudes and during diflerent seasons, their 1975). Observations for days to flowering were made 
plotoperiod response will be different. 'Tius, this classi- daily for each cultivar until 80 days after planting. lhe 
fication also may not be satisfactory. screening was repeated during the fall of 197-1 with 2,)-12 

cultivars. 
FACTORS TO BE INCLUDED IN A TROPICAL The natural daylength during the spring screening 
CLASSIFICATION SYSTEM varied front 12 hours 10 minutes to 13 hours 30 minutes, 

In designing a tropical classification systen for soy- while the fall daylength ranged from II hours 50 minutes 
beans, several factors must be considered. The photo- to 10 hours 50 minutes. Between planting and flowering. 

Fig. 2. Frequency distribution of 2,476 soybean accessions whKn classified into groups according to days to flowering or lays to 
maturity at AVRDC. 
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the mean temperatures during the spring screening 
varied from 190 to 30'C and during the fall from 28' 
fo 18°C (AVRDC, 1975). Some cultivars that were in-
sensitive in the spring trial were sensitive in the fall, 
while others that were sensitive in the spring were in-
sensitive in the fall. This indicated that factors other 
than photoperiod may also influence the flowering of 
soybeans. IHuxley and Summerfield (1974), for ex-
aiple, reported that low, night temperatures are par-
ticularly influential in delaying flowering. The initial 
temperatures during the spring at AVRDC were much 
lower than the early fall temperatures. Thus the inter-
action of photoperiod and temperature must be con-
sidered. Based on our screening in spring and fall, geno-
types that were insensitive during both seasons were 
considered as photoperiod insensitive. Therefore, photo-
period screening will divide the germ plasm into two 
p imary groups. Subdivision of tile Pi group can be
based on number of days to maturity, which will be rela-
tively constant regardless of time of planting or location, 

Because maturity is the primary factor determining a 

variety's adaptability to a location and its suitability in a 
cropping system, classification should be made on the 
basis of number of days to maturity. Whether soybeans 
are planted as a monocrop or intercropped with other 
crops, maturity duration is of vital consideration. Early 
maturity is essential when two or three crops are taken 
from the same land in a year. Ten days or more differ
ence in maturity will frequently allow the farmer to 
select a variety he can harvest before rainy weather. An 
arbitrary 10-day interval between groups will be useful. 

Throughout the year the photoperiod in the tropics
varies from 10 to about 14 hours. Depending upon the 
Jme of planting in any tropical location, the days to 
maturity of varieties sensitive to photoperiod will vary. 
Hence, maturity should be specified in relation to tile 
photoperiod prevailing at the time of planting. This will 
satisfy any particular time and any specific location, be
cause photoperiod is the major factor changing with loca
tion and time. In the tropics about 30 days intervene from 
planting to flowering, and during this period the change 
in photoperiod is less than one hour. Therefore, one-

Fig. 3. A proposed soybean classification system for use in the tropics. 

Soybean Germ Plasm 

Varieties Insensitive Varieties Sensitive
 
to Photoperiod 
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hour photoperiod increments will be logical in any classi-
fication system. 

At low latitudes, if the highland areas are disregarded, 
year-round temperature differences are not drastic. For 
the purpose of this classification, we have to assume 
that temperature is not a dominating factor. Including 
temperature would create complications, and simple 
classification would not be likely, 

In the development of this classification, the AVIRDC 
germ plasm collection will be screened under natural 
daylength and long-day conditions at AVRDC (230 
N.) during the spring and fall seasons to identify the Fi 
lines. Representative samples of the germ plasm will also 
be eva!uated at Los Bafios ( 150 N.) and Mindanao (7' 
N.), the Philippines; Bogor, Indonesia (30 N.) ; and 
Brasil (5' S.). The trial planting in these locations will 
be made at specific periods so that the minimum age 
plants should reach before responding to stimulus that 
leads to flowering (Salisbury, 1963) will coincide with 
the designated photoperiod classification. 

PROPOSED TROPICAL SOYBEAN 
CLASSIFICATION SYSTEM 

A proposed maturity classification system for soybeans 

grown in the tropics is indicated in Fmrr. 3. There are 30 
groups in this classification. .\ cultivar belonging to group 
AT, may also come under group BT+, and other groups. 
This is because the classification is based on both photo-
period and days to maturity. 


The above proposal is tentative and open for discus-
sion. Success in the execution of this proposal depends 
largely upon the cooperative evaluation of the germ 
plasm at different locations over a number of years, as has 

been done by those researchers responsible for the evalu-
ation, maintenance, and disbursement of the USDA 
germ plasn collection. 
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Daylength Sensitivity in Maturity Group IT[ Soybean Germ Plasm 

C R. Nissl; E H Paschal I, C N.Hittle, and R.L. Bernard 

It is well established that the soybean is a short-day 
plant, that is, it will flower sooner under short-day condi-
tions than under longer photoperiods (Borthwick and 
Parker, 1939; Allard and Garner, 1940). Varieties 
adapted to higher latitudes flower and mature more rap-

idly in the lower latitudes, while flowering and maturity 
of varieties adapted to lower latitudes are delayed if they 
are grown in higher latitudes (Cartter, 1958). 

Soybean varieties vary in their response to photoperiod 
(Garner and Allard, 1920). Day neutrality has been re
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ported in crops such as corn, rice, millet, and wheat(Francis et al., 1969: llhardwaj and Webster, 1971; Yu 
and Yao, 1969). Day-neutral, i.e., insensitive to photo-
period, soybean varieties have been reported in maturity 
groups 00 and 0, some of the earliest maturing lines (Cris-
well and Ilume, 1972; Polson, 1972). This study attempts 
to identify soybean strains insensitive to photoperiod and 
to describe tile variation found in the accessions of ma-
turit, 	 roup III gel-II plasm,i g g 

METHODS 

Accessions from maturity group III of the United
States l)epartment of Agriculture soybean germ plasmi 
collection were screened in the field at Urbana, Illinois

° (.40 N. latitude) and at Isabela, Puerto Rico (18' N. 
latitude). Singlepl a n replicates pr h llhill plots withere gr o n u d er bot threeda l en th sn a ura or fourplants 	per hill were grown nder both natural daylengths
and daylengtlts artificially extended by 150-watt in-
calldescent lighting. In the Urbana experiment the dark
period 	was interrupted with 5 hours of light, while atIsabela the lighted plots received continuous light. In-
tensity ranged from -0 to 100 lox under the lights. Esti-
nates of sensitivity to photoperiod are made by compar-

ing the delay of flowering and maturity of a strain in the 
extended light treatment with development of that strain 
under natural photoperiods. Two reference varieties,
Williams and .\dams, were placed randomly throughout
both treatments to give a measure of variation for the 
characters measured. 

RESULTS AND DISCUSSION4
 
Urbana, Illinois 


(-'Oul III germ plasm was first screened at the Uni-
versity of Illinois, Department of Agronomy, South Faitm 
during the 1973 growing season. Planting was on 19 
May, and the experiment ended with the first heavy frost 
ott 6 November, 172 days after planting. TFable I stum-
tmarizes the results in days to flowering and maturity. 
Under natural daylengths the 515 strains flowered from 
45 to 75 days after planting, with a meat, of 60 days.
Under extended claylengths date of flowering ranged
froit 51 to 123 days. with a mean of 91. The mean delay 
was 31 days. 

All entries matured tttder natural photoperiods in 110 
to 137 clays. Im the lighted plots, however, only 24. of the 
strains matured itt less than 171 days. The mean maturity
(late of the 2-I lites that itatured was 164 days after 
planting. The mean delay was -10 days. 

Group III germ plasitiwas again screened at time 
University of Puerto Rico, Isabela Substation. Planting 
was on 3 fJuly 197.1. At this location, temperature is 
relatively constant throughout the year. The germ 
plasm was evaluated for 235 days after planting.

As shown in Table 2, under natural daylengths all 
strains flowered within 33 days of planting, with a mean 
of 27 days. The maturity range was front 69 to 91 days 

Table 1. Response of Group III Soybean Germ Plasm to
Na.ural and Artificially Extended Daylengths at
Urbana, Illinois 

No. days to flowering and maturity
No. of N.y fo ia tt 
strains Extended Naturalt r 

daylength dayh*ngth-Differenc.
Days to 

flowering 515 Range 51 to 123 -15 to 75 -2 to +60
Mean 91 li 31 

Days to 
maturity 24 Range 115 to 134 -- 3 to +52Mean 124 to 171I ti4 124 40 

491 Range >172, 110 to 137 .... 
Mean 126 

Plants in this group failed to ,nature. 

Table 2 . Respo nse of Group III Soybean Germ P las umto
Natural and Artificially Extended Daylengths at 
Isabela, Puerto Rico 

No. of No. days to flowering and maturitystrains xtended Natural 
daylength daylcngth l)icence 

Davs to 
flowering 439 Range 30 to 112 23 to :33 3 to 85 

Mean 77 27 50 
maturity 286 Range 95 to 233 73 to 90 11 to 20 

Mean 196 111 117 
15:3 	 Range >235' 69 to 91 .... 

Mean 82 
RPlants in this group failed to mature. 

for all 	genotypes. Under continuous light all strains had 
flowered within 112 days after planting, and 65 percent
 
or 286 of the lines had matured at the termination of the
 
stud , 235 days after planting. The mean delay in flower
ing was 50 days, with 99 percent of the accessions delayed
 
more than 20 days. The average delay in maturity was
 
117 days for the lines that matured before termination
 
of the experiment. 

Interpretation of Differences 
A large range in sensitivity to plhotoperiod, as mea

sured by the delay in flowering and maturity under the 
extended light regime, was expressed in the Urbana ex
periment (Fig. I ). Three strains had delayed flowering
of less than 5 days, while five of tle lines were delayed 
more than 55 days. Of the 24 accessions that matured in 
less than 172 clays at Urbana, only one was delayed less
than 2.4 days. The 491 lines that did not mature beforetermination of the experiment were in various stages ofdevelopment from early bloom to senescence at the end 
of 172 days. 

Fig. 2 shows the distribution of delay in flowering and 
maturity for strains at Isabela under the continuous light 
regime. Flowering was delayed from 3 to 85 days. Onlyone strain was delayed less than 10 days in flowering,
while three were delayed more than 80 days. All strains 
eventually flowered under the continuous photoperiod. 
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XMaturity was delayed nuch more than flowering ill allIoS but one of the lines. P.I. 31733-1 (Kitani Shiro). Only 
160 153 of the strains failed to mature by the end of the ex

peritnent. 235 days after planting. Most40 of these wereprogressing toward maturity. 

Numberof 120 Comparison of Urbana and IsabelaStra, ,00 - ResultsUnder natural photoperiods, flowering and iatu,'iiv 

so proceeded more rapidly at Isabela thain at I'jhana. All 
60-7 strains flowered an average of 33 days earlier and Iliatured an average of 13 days earlier at Isahela. The differ

40 ' ence between the natural and the extended daylength
treatments was greater20 in the lsal)ela experiment inwhich flowering was delayed an average of 19 days and 

0S 
Doy5 Delay,n 

-5 , 5 42 55 6i, >6 naturity an average of 77 days longer than at 'rlaia.,oern6 Days D2l3yin55turi>y55 The greater delay experienced at the tropical site iiay be 
Fig. 1. Frequency distributions of delay in flowering and in attributable to various factors: (a ) the shorter naturalmaturity caused by the extended photoperiod at Urbana, lhotoperiods at Isabela induced a m1ore rapid rate of de-Illinois, 1973. velopment thani did the longer natural daylengths at 

Urbana; (b) the 2-t-hour light period of the Isabela ex
225 peri ent delayed development more .,., the Urbalatrcati tent in whicl tie dark I)eriod wvas interrupted Iy a 

ISo 5 -hour l)hotoperiod: and (c' ihigher teiil)eTa titres early 

160 
in the growing season at Isabela re!:ulted in accelerated 
developneut. The effects of these factors are )rol)a)ly

140 responsible for the greater differences between treat-
Iliets observed at Isabela.Number or 20 iThere was a high correlation between the two loca-Strains 00 tions for delay in flowering. that is. those strains that 

eo 
we(re least delayed at I *rbana were aiiioiig tho(se- least 
delayed at Isabela. This correlation was not as great. 

60 Ilovever, for delay in naturitv. 

40 Insensitive Genotype 

20 
This stutdv identilied one line. P.1. 31733-111. possessing 

unique pliotol)eriod insensitive properties. 'Ile va iety0 2o046000 00 00120 40,60>,o Kitainn Shiro (P.1. 31733-1) was introduced into the
Days Delay in Flowering Days Delay in Maturity Un ted States in 1966 from the I lokkaido lxperimieuital 

Fig. 2. Frequency distributions of delay in flowering and in Station, Sapporo. Wpah.J \'hen it was grown at I'rmaturity caused by the extended photoperiod at Isabela, hana, Illinois, an oil-type planit of later maturity (groupPuerto Rico, 1974.75. 111) was ol)served. and its progeny \were designated IP.I. 

Table3. Response of Selected Group III Soybean Accessions to Natural and Extended
Photoperiods at Urbana, Illinois, and Isabela, Puerto Rico 

No. (lays to flowering No. days to matrity 
I'xtended Natural Differ- Extended Natural I)iffer
daylength daylength ence daylength daylength ence 

P.1. 317334B (Kitami Shiro)
Urbana .................... 51 
 53 --2 124 127 -3Isabela .................. 30 27 
 3 95 114 11 

P.1. 82232 
Urbana .................... 
 61 61 0i 167 130 37Isabela ..................... 47 
 25 22 > 1601u 84 > 76, 

Williams (means)
N = 18, Urbana ............. ,89 54 35 >1721 133 >391N = 26, Isabela ............. 80 
 26 54 >2351' 90 >145b 

Plants died at 160 days.

Plants not mature by termination of experiment.
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317331B. The remainder of the plants were classified as 
group 11, and the progeny of one of them is maintained 
as P.1. 317334A. P.I. 317334B exhibited strong photo-
period insensitive tendencies in both locations of this 
study. Both sublines of Kitami Shiro are short in stature 
with highly determinate growth habit, extensive branch
ing, and large leaves. P.I. 317334B flowered 2 days and 
matured 3 days earlier under extended, compared with 

a eUSDA
natural, daylengths at Urbana (Table 3), whereas under 
continuous light at Isabela, flowering was delayed 3 days 
and maturity 11 clays. The next least sensitive strain, 
l'.l. 82232, although not delayed in its flowering, was 
delaved 37 clays in maturity at Urbana. At Isabela this 
same strain was delayed 22 days in flowering and failedt maturein bdee e eed in fwa erinated. faied 
to mature before the experiment was te,'minated. Wil-
liams, on the other hand, exhibited delays in flowering 
of 35 days at Urbana and 5-4 days at Isabela and failed 
to mature at both locations. These results suggest that 
P.I. 31733411 possesses unique, day-neutral characteristics 
that may be useful in breeding soybean lines with wide 
latitudinal adaptation. 

It remains to be seen how valuable this apparent 
pliotoperiod insensitivity of Kitami Shiro will prove to 
be. In Puerto Rico we have made a series of crosses, using 
the insensitivo plant introduction and a diverse group of 
cultivars as parents to study the inheritance of insensitiv-
ity and its genetic relationship with other characters, 
especially maturity. This insensitivity will be of limited 

value in the tropics if it cannot be transferred to 
varieties that mature later and produce higher yields 
than Katami Shiro. 
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Interrelationship Hetween Soybean Varieties and Indigenous
 
Rhizobium Strains ;n Northeast Thailand
 

A mrooth NaLampang 

O l the hasis of climatic and soil characteristics, soy-
bean growing areas in Thailand can be geographically 
divided into three major regions, namely, the North, the 
Central Plain, and the Northeast. At present. the first 
two r'gions are suitable for soybean production, and rela-
tively high yields (about 2,000 to 2,500 kg per hectare) 
can be obtained with proper management using the stan-
dard varieties, Sj I and SJ 2. Furthermore, in the North 
and in the Central Plain nodulation, with or without 
inoculation, has been observed inl every location. In con-
trast, soybean yields from the Northeast region are low 
and lack of nodulation is common, 

Since the Northeast encompasses about one-third of 
the nation's arable land, the solution of problems cur-
rently limiting soybean production is essential before 
production can be increased. To this end, investigations 
in the Northeast are being intensified. From a climatic 
standpoint the Northeast is considered suitable for soy-
beans, but poor soils generally limit yields. As in other 
tropical countries, high rainfall and sandstone parental 

materials may be primarily responsible for heavy leach
ing and weathering. Iaboratory analyses have shown 
that most of the soils are acidic (p11 values from 4.5 to 
5.5) and lov in important plant nutrients, thus making 
them unsuitable for production of both Rhizobium and 
soybeans. At the present time, liming and application of 
fertilizers are considered uneconomical because of the 
high cost of materials and transportation. 

A major factor limiting growth of soybeans in the 
Northeast has been the lack of nodulation, which pre
vents plants from attaining their normal growth and in
variably results in poor yields (about 300 to 500 kg per 
hectare). Attempts to induce nodulation by application 
of inoculum rarely succeed. Moreover, large-scale inocu
lation is considered impractical at this time because 
inoculum is unavailable; consequently, farmers have yet 
to learn how to apply it. 

In soybean seed multiplication fields of SJ 1 and SJ 2 
in the Northeast, poor plant growth is common. How
ever, a few normal plants occasionally appear in these 
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fields. Close examination has shown that these healthy 
and vigorous plants possess nodules and have good seed-
setting ability. This in turn suggests the possibility of 
specific interrelations between host genotypes and 
Rhizobium races. 

To confirm this hypothesis, a set of differential soy-
bean varieties, including the native strains SB 60 and 
Pakchong, the recommended varieties SJ 1and SJ 2, and 
the introduced variety Lincoln, were planted without 
inoculation in several Northeast experiment stations 
where records indicated soybeans had never been previ-
ously grown. The results (Table 1) indicate that only the 
native varieties SB 60 and Pakchong formed nodules. 
This led us to conclude that indigenous strains of Rhizo-
bium existed naturally in the soil and that nodules were 
produced only in the presence of compatible host 
genotypes. 

Table 1. 	Evaluation of Five Uninoculated Soybean Varieties 
at the Roi-ed Experiment Station, Northeast Re-
gion, 1972 

Variety 
Plant 
height 
(cm) 

Dry 
weight 

(g/plant) 

Nbe 

of pods 

Seed 
weight 

(g/plant), 

Nodule 
score) 

SJ 1 ......... 25.1 ... 16 ... 0 
SJ 2.......... 
SB60 ......... 

23.2 
42.11 

4.5
13.6 

2591 
2.512.8 03 

Pakchong ..... 
Lincoln ........... 

36.5 17.6 
... 

112 
... 

12.1 
... 

4 
0 

"On the basis of these plant yields and at a recommended popu-
lation of 200,000 plants/ha, Sj 2 is expected 2.500to yield 500 kg/ha,while SB 60 and Pakchong are expected to produce up to 
kg/ha.S 

Scored on 0 to 5 basis, 5 indicating heavy nodulation. 

Another study was conducted concurrently by placing 
one seed of SB 60 along with one seed of SJ 2 in the 
same hill in soils that had never grown soybeans. Only 
SB 60 plants formed nodules; no nodules were observed 
on SJ 2 plants. These results suggest the existence of 
genotype x race interactions of soybeans with Rhizobiuin 
and raise the question of whether the lines that do not 
form nodules are incompatible with all Rhizobiuim strains 
or are incompatible only with those strains present in the 
study. 

Because native varieties are generally inferior inl yield 
and seed quality and unfit for existing cropping patterns, 
a breeding program has been initiated. One objective of 
this program is to transfer the nodulating ability of native 
varieties to standard varieties. Crosses between SB 60 
and SJ 2 were made and progenies subsequently grown 
in virgin soils devoid of Rhizobium japoflicwu. Unfor
tunately, a clear-cut pattern of segregation could not he 
distinguished because of the difficulty in identifying plant 
genotypes under field conditions. Only those plants that 
showed normal growth vere saved and checked for nodu. 

lation at harvest time. There was a reasonably good cor
relation between normal growth and nodulation. Selec
tion had been advanced to the F,; generation, when an 

earl) outbreak of rust seriously damaged the entire set of 
materials. Neither parent is resistant to rust. However, 

from the information obtained we are reasonably confi
dent that superior lines able to utilize naturally occurring 

Rhizobium strains can be developed by proper selection 
following hybridization. We hope that soybean varieties 
adapted to the acidic and low fertility soils of the North

east will be available in the future. 

Soybean Breeding for Different Cropping Seasons in Thailand 

Takasbi Sanbuicbi and Konichi Sasaki 

The two main soybean 	cropping seasons in Thailand are 

the rainy season and the dry season. The rainy season 
crop, which is grown in the upland areas of the Central 
Plain, is usually planted in May and June and harvested 
in August and September. The dry season crop, which is 
grown in northern Thailand, is planted after paddy rice 
in January, usually with supplemental irrigation, and 
harvested in April. A small area of soybeans is grown in 
the late rainy season in Saraburi Province. Differences 
between day and night temperatures during the rainy 
season are much less than during the dry season. EarlyD 

and mid dry season temperatures are much lower than 
those of the rainy season. 

The experiments discussed in this report were con-
ducted by the Thailand Department of Agriculture with 
assistance and technical cooperation from Japanese soy-

bean breeders working 	under the Colombo Plan. Infor

mation on maturity and plant height of four Thai vari

eties indicates considerable variation in height, but only 
10 days difference in maturity (Table I). In the rainy 
season the yields of SJ 1 and SJ 2 were no different, and 
both varieties lodged appreciably (Table 2). Yields of 
both varieties were drastically reduced by soybean rtist 

Table 1. Days to Maturity and Plant Height of Four Thai 
Varieties, Averaged Across Several Planting Dates, 
Mae-Jo Agricultural Experiment Station 

Variety 	 Days to maturity Plant hcight 
Number CV cm CV 

sJ I ....................... 99 11.9 77 19.5
 

SJ 2 ...................... 104 10.0 65 28.0
 
Pakchong .................. 99 12.5 43 25.2
 
SB 60 ...................... 109 12.3 81 1q.4
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Table 2. Seed Yield and Lodging and Shattering Scores of Thai Recommended Varieties 
in Different Seasons 

Season and No. 
location experi- Yield

mients (ton/ha) 

Rainy, Sukothai ............. 2 1.96 
Rainy, Chiang Mai".......... 2 0.90 
Late rainy, Chiang Mai 

and Saraburi .............. 3 1.84

)rv, Chiang.M ai ............ 4 1.77 


Soyhean 	 rust occurred. 

(Phakoptora pachyrlizi Svd.). In the late rainy season 
at Saraburi and Chiang Mai and in the dry season at 
Chiang Alai, SJ 2 outyielded SJ I by 0.2 ton per hectare. 
Yields of SJ 2 had less shattering than those of Sj 1. 

It is probably unrealistic in Thailand to attempt to 
breed a variety adapted to both the rainy and the dry 
seasons. Now as ill the past. efforts are directed toward 
breeding specific varieties for a specific season. Dry sea-
son types grow too tall and thick in the rainy season, and 
rainy season types are very short anmd produce poor yields 
in tie dry season. 

The following characteristics are desirable in a railiv 
season 'ariety: short plant height, resistance to lodging, 

a growing period of 100 to 105 days as in SJ 1, and re-
sistante to soybea i rust. )esirable characteristics in a 
dry season variety inchde large plant type: a growing 

Table 3. 	 Breeding for Soybean Rust Resistance in Rainy 
Season 

Cross Combnat 1on 
nmnbe(no.)1 (no.) (no.) 

......... ..... 

7019 ............ Acadian X 64-104 1,0)00 208 2 

7024............ - X SJ 2 1,700 314 3
 

Noinbvr of plants or linvs sehcttd. 

Table 4. 	 Seed Yield and 100-Seed Weight of Rust-Resistant 
Strains and Rust-Susceptible Varieties 

Presence of rust Absence of rust 
(Chiang Mai) (Sukothai) 

Strain Yied 100-seed Y 100-seed(tniald eih Yield 
(ton/ha) weight (ton/Ia) weight()_ 	 (g) 

Rainy Season 1971 
SJ 1............... 1.02 11.7 1.67 14.7 
j 2.............. 0.70 8.6 1.62 13.2 

64-104 ............. 1.93 19.3 1.27 17.4 

Rainy Season 1975 
jI ............... 0.77 7.8 2.24 14.3 


SJ 2 ............... 0.70 7.6 2.29 13.2
 
7019-1 ............. 1.51 12.6 2.62 16.9 

7019-2 ............. 1.73 12.8 2.07 16.8 

7019-3 ............. 1.41 12.9 2.08 15.5 

7024-1 ............. 1.72 11.1 2.41 16.7 

7024-2 ............. 1.23 12.2 2.49 16.6 


SJI SJ2 

Lodg-
ing

(0 = 
none) 

Shat-
tering
(5 = 

serious) 

Yield 
(ton/ha) 

Lodg-
ing

(0 = 
none) 

Shat
tering
(5 = 

serious) 

3.4 . .. 1.96 3.7 ... 
3.0 ... 0.70 4.0 ... 

... 3.3 2.07 ... 0.6 

... 1.7 1.97 ... 0.9 

period of 105 to 110 days, a little longer than that for 
SJ 2; and resistance to shattering. 

Soybean breeding by hybridization was begun in 1970 
by the Department of Agriculture. A primary objective 
for development of rainy season types is to breed for 
resistance to soybean rust. Fortunately, a rust-resistant 
strain (6-1-10-1) was found in the Mae-Jo Agricultural 
Experiment Station germ plasm collection during the 
rainy season of 1970. This strain \\;i crossed with Sj 2 
and .\cadian, and from the segregating progenies five 
promising strains were selected in the I,,, segregating 

'able 5. 	 Seed Yield and Shattering Scores of Promising Dry 

Season Strains, Chiang Mai 

1974 1975 

Strain Yield Shat- Yield Shat

(ton/Ia) tering (ton/Ia) tering" 

sJ1.................. 1.89 2.0 1.23 4.(
 
Sj 2 .................. 2.06 I 1.49 1.7
 
7020-1 ................ 2.29 1.0 1.67 2.0
 
7020-2 ................ 2.36 1.0 1.73 1.7
 
7021-1 ................ 2.o2 2.0) 1.93 2 .0
 
7021-2................ ..... .... 1.64 1.7
 

" 0 = no shattering, 5 =- very serious shattering. 

Table 6. 	Oil and Protein Content of Thai Varieties Har
vested in Different Cropping Systems 

Variety 
A B . D 

Oil Content (%) 
Sj 1 ................ 21.3 ... 20.6 .SJ2................ 22.6 22.11 21.4 21.6
 
Pakchong ........... 18.8 19.4 17.11 18.5
 
SB 60............... 19.6 19.0 15.0 18.3
 

Protein Content (% )b 

Sit ...... ..... 39.7 ... 44.3 
SJ2............... 41.8 42.9 44.0 42.1
 
Pakchong ........... 42.9 44.3 46.2 41.2
 
SB 60 ............... 40.2 '12.8 48.1 43.3
 

'A: dry 	season of 1971 at Mae-Jo Agricultural Experiment 
Station (AES). 
B: dry season of 1971 at Kalasin AES. 
C: rainy season of 1971 at Sisamrong AES. 
D: late rainy season of 1971 at Mae-Jo AES.
" Protein content (%) = total N (%) x 6.25. 
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generation (Table 3). The performance of these strains, strains from the cross Sj 2 x KS 252 appear promising.
in comparison with that of 64-104, SJ 1, and SJ 2 and The parent, K 252, introduced fioni Taiwan. has high
in the presence and absence of rust, is indicated in Table yielding ability but has green seed. Seed yields and 
4. Under normal conditions yield levels are about the shattering scores of these selected strains ar( shown ill 
same for the Thai recommended varieties and rust-re- Table 5. The average yields of the selected straills art 
sistant strains. When rust is prevalent, however, the yields more than 10 percent higher than those of S.J 2, rsis
of the resistant strains are nearly twice those of SJ I tance to shattering is equal to that il SJ 2. 
and SJ 2. The resistance of these strains to rust is not SJ I and SJ 2 have a higher percent oil contit lion 
complete, but apparently it is sufficient to be classified as the Thai, native varieties (Table 6) ; however. lPakcholng
field resistant. All resistant strains are shorter and more and SB 60 have a slightly higher average protein coI-. 
resistant to lodging than SJ 1. tent than SJ I and SJ 2. Soybean seeds produced inllthe 

Many crosses have been made in an attempt to de- dry season usually have a higher oil content and a lower 
velop high yielding, dry season varieties. Four selected protein content than seeds produced in the rainy season. 

Variability for Resistance to Seed-Borne Pathogens 
in the Tropical Soybean Germ Plasm Collection 

E H. Paschal ff 

le importance of iin pro- X of tie United States )epartment soyhigh qurility seed soybean of Agriculture
duction, especially in the tropics, cannot be over emplha- bean germ plasm collection. Seeds used in tie screening 
sized. Emergence and stand establishment are the most were produced at the Isabela Substation ( 18" N.) of the 
important stages in the life cycle of tile plant. Without University of Puerto Rico. Mayaguez Campus. (roups 
emergence or an adequate stand we cannot hope to pro- VIII and IX were plinted in early June and group X 
duce satisfactory yields. The Pueito Rico-based INTSOY in late August 1975. In view of these different planting 
plant breeding project has undertaken a program to date., direct coml)arisons between group X and ie two 
improve soybean seed viability and vigor through the earlier groups should be made with caution. The group
combined efforts of specialists in plant pathology and X planting received excessive rainfall during di, latite 
plant breeding. part of tie growing season. wheni pllits were iiatiring.

Tile incidence of seed-borne diseases has been at- This resulted ini generally lower seed quality ill ihe group
tributed to natural pathogen populations and environ- X lines than in group VIII or IX accessions. which ma
mental conditions that favor pathogen invasion of tile tured under more favorable conditions. Til teriii "ini 
host tissue. Recent research results indicate that some favorable" is relative. Although a great deal of rain fall 
genotypes may possess a forni of genetic resistance to at- did not occur during il( critical maturation period of 
tack by seed-borne organisms. Wilcox (1975) reported groups VIII and IX. temperatures and relative htli i
on the heritability of virtual immunity to purple seed ties were higher than average niean temperatures in die 
stain (causal organism Cercospora kikuchii) found in temperate zone. 
P.I. 80837, a maturity group IV. germn plasm accession. 
.\lthough, in his opinion, purple seed stain is not serious BIOASSAY PROCEDURES 
enough to warrant the incorporation of the newly found 
resistance into improved cultivars, it is encouraging that Samples of 100 seeds from each line are being used in 
such a host-pathogen relationship has been discovered, a bioassay to determine the germination percentage and 
If resistance to a seed-borne fungus, even one that is tile percentage of seeds associated with internally seed.. 
not very injurious, exists, then it is not unreasonable to borne microorganisms. The bioassay consists of pla mi ng 
assume that resistance to more important seed-borne four surface-sterilized seeds on petri dishes containing 
pathogens also exists. potato dextrose agar and incubating then at 25'C for 

The main objectives of the seed quality program are: 5 to 7 days. 
(a) to identify soybean genotypes with resistance to seed- At the end of the incubation period each seed is classi
borne organisms, (b) to study the relationships between lied into two main categories, germinated ()r IonLgerni
seed-borne pathogens and the tropical germ plasm, (c) nated. Within these classifications are suhdivisions for' 
to develop techniques for assaying seed health of tropical seeds germinated without microorganisms, with a fumigus. 
germ plasm and breeding lines, and (d) to incorporate or with a bacterium, and for seeds that did miot germinate
seed health attributes into tropically adapted cultivars. as a result of association with a fumgal or bacterial micro-

This work has been initiated by screening all of the organism. There is also a classification for seeds that 
nearly 400 accessions in maturity groups VIII, IX, and fail to germinate without any apparent reason. All the 
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microorganisms are identified arid pure cultures of each 
are maintained. 

PRELIMINARY RESULTS 

Visual seed quality scores of the three maturity groups 

are summarized in Table 1. This rating system of scoring 
seed quality from I to 5, with I representing the highest 
quality, is widely used in soybean breeding programs. 
To determine seed quality score, factors such as cracked 

seed coat, wrinkled seed coat, and moldy and rotten 

seed are considered. Mechanical damage, caused by 
threshing or other operations, or seed coat pigmentation, 
including purple seed stain, are not considered. The 
strong influence of envirolnent on seed quality is evi-
denced by the distribution of seed quality scores from the 
two plantings. More than 50 percent of the lines from 
group X scored -I or 5. while 4-I percent of the lines in 
VIII and IX scored I or 2. Even though each line of 
the group X experiment was harvested promptly at 
physiological maturity, the prevailing high rainfall and 
temlperature caused significant deterioration of the seed. 

Table 2 illustrates the diversity of reaction encountered 
so far. Tlie four accessions listed in 'able 2 are of ma
turity group VIII, grown in the same environment but 
quite diverse in their seed quality attributes, 

The following are the genera of the more commonnged genera: 
fungi 
fugi folowid the ofte ore commoni, 

Botryliplodia, (crcv.ria, (,iaetophoma, (Cladosporium, 
loir, and Pho(ia. (Generaof the more conmo bacteria 
are Bacillu and Xantho ftonas. 

CONCLUSION 

The search for soybean genotypes resistant to seed-
borne microorganisms and to the loss of seed quality 

Table 1. Visual Seed Quality Scores of Maturity Groups
 
VIII, IX, and X at Isabela, Puerto Rico, 1975
 

Maturity Planting Seed quality scorea Total 
_numbergroup date 1 2 3 4 5 of lines 

Number of lines 

Total. 

VIII ....EarlyJune 24 71 89 27 3 214 
IX...... EarlyJune 6 15 19 8 0 48 
X....... Late August 5 20 

Toal....35 106 
40 

148 
27 
62 

43 
46 

135 
397 

1= highest quality; 5 = lowest quality. 

Table 2. 	Comparison of Seed Quality Score and Internall!' 
Seed-Borne Microorganisms of Four Group VIH 
Lines, Isabela, Puerto Rico, 1975 

Seed 
Genotype quality 


score 

P.!. 279088........1 


P.I. 204339 ......... 2 

P.I. 204336 ......... 3 

P.I. 319533 ......... 4 


Days to Gerini- Fni Bac
ma- nation teria 

turity ntn M) (M) 
136 100 0 0 

1111 1 19 0
 
110 47 52 1
 
124 0 100 0
 

associated with the presence of these organisms is of high 
priority in our Puerto Rico-based breeding project. Ap
proximately 200 lines of the three latest maturity groups 
have been bioassayed. On the basis of these results a 
replicated field trial has been planted in Puerto Rico, 
using the best lines from the germ plasm collection and 
several check varieties. Yield and other agronomic char
acteristics, as well as seed quality properties of these 

lines, will be evaluated. Delayed harvest techniques will 
be used to determine how well these selected genotypes 
resist seed deterioration during the period between 
physiological maturity and harvest. 

The Use of Radiation in Soybean Breeding 

Sumin Sinutkupt
 

I~his report briefly summarizes result. obtained by the 
author from soybean radiation experiments conducted in 
Thailand. Mutation experiments were started at the Fac-
ulty of Agriculture, Chiang Mai University, in June 
1970 as a coordinated research project supported jointly 
by the Food and Agricultural Oi'ganization and the In-
ternational Atomic Energy Agency. The first objective 
was to find a suitable dose of gamma radiation for in-
ducing mutations in soybeans. Seeds of SJ 2 and Sansai 
varieties were irradiated with gamma rays of a cobalt 
sour'e at the Institut fiir Strahlenbotanik, Hannover, 
Grxmany. Five different doses, viz., 5, 10, 15, 20, and 30 
kiad, were used. 

The majority of soybean mutants were yellow seed
lings. A yellow seedling mutation frequency ranging 

-
from 3 to 5.3 x 10'was observed in an M, population 
of approximately 20,000 plants. The 15 krad dose, which 
was well below the LD. dose, was effective in giving a 
high mutation frequency. Other soybean researchers have 
also indicated that 15 krad is an appropriate dose for 
the production of soybean mutants. Brown seed coat mu
tants were produced in both varieties. A lethal Sansai 
mutant 	with an extreme r,:duction in plant growth also 
was produced. 
- Some of the mut'tnts and mutation-derived lines were 
successfully established. Yield, percent protein and oil, 
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and fatty acid composition were determined for some 
of the lines. Seed yield of mutants or mutation-derived 
lines was always lower than that of the control. Mutants 
of SJ 2 and Sansai had an increase in protein content 
of approximately 2 and 3 percent, respcctively. There was 
a 1 to 4 percent reduction of oleic acid in SJ 2 mutants. 
but a 1 to 6 percent increase in mutants and mutation-
derived lines of Sansai. S1 2 mutants had an increase of 
approximately 2 to 4.percent in linoleic acid and approx- 
imately 1 percent in linolenic acid. Conversely, Sansai 
mutants had approximately a 2 to -t percent reduction 
in linoleic acid and less than a 1 percent reduction in 
linolenic acid. 

Another mutation experiment was conducted in 1972. 
Seeds of SJ 2 (line 27-9) were irradiated with gamma 
rays of a cobalt source at Seibersdorf Laboratory, Nieder- 
6sterreich, Austria. Six different doses (10, 15, 20, 25, 
30, and 35 krad) were used. One hundred plants with 
phenotypic high seed yield were selected from the bulked 
M2 populations of each treatment. An increase in pro-
tein percent was realized. Samples high in protein con-
tent (45 to 49 percent) were advanced to the Xf., and 
M., generations. The average protein content in the M., 
generation was lower than that in the M:,. Thus, the 
lines high in protein had disappeared. Selected lines 
with approximately 42 percent protein are now being 
tested in a yield trial at Pakchong. 

A third mutation experiment was carried out in 
Bangkok in 1975. Seeds of SJ I (line 56-12), SJ 2 
(line 27-9), Sansai (line 24-306), Cutler 71, and Waka
shima were irradiated in the Gammator at the Radia
tion and Isotopes Division, Kasetsart University. The 
Gamniator contains a caesium 137 source of 1,600 Ci 
that can deliver up to 68 krad per hour. The objective 
of this experiment was to studN' morphological changes 
in relation to seed and protein yield. Some inacroinuta
tions, such as white flower color in the purple flowered 
Wakashima variety and black hilum in the brown hilun 
S.1 2 variety, were observed. All mutations are currently 
being tested in the field at Pakchong. 

In general, soybean breeders favor the utilization of 
existing variability before attenimpting to create new vari
ability through mutation breeding. Thus far there have 
been only four soybean varieties developed from nuta
tion breeding. However, when desired characteristics 
cannot be isolated from existing variability, then an at
tempt to create variability by radiation has considerable 
merit. For example, if natural resistance to soybean rust 
(Phakopsora pachrhizi Syd.) is not available in existing 
germ plasm, mutation breeding should be attempted. 
Success in obtain.*ag disease resistance will depend largrly 
on the effectiveness of screening techniques. The possi
bility of radiation breeding as a useful tool for soybean 
improvement should not be overlooked. 

Comments on Mutation Breeding 

B. B. Singb 

Tihe h portance of inducing mutations through irradia- search for soybeans low in linolenic acid. As is well 
tion has been well established for many crops; however, known, linolenic acid causes rancidity during soybean 
only limited use of this technique has been made for soy- seed storage, thus reducing the shelf life of soybeans. 
beans. A soybean mutation breeding program was initi- At Pantnagar the entire soybean germ plasli has been 
ated in 1970 at G. B. Pant University of Agriculture and screened for linolenic acid. The lowest value of all ac-
Technology, Pantnagar, India, to create useful muta- cessions was 4.5 percent. Screening indicated that there 
tions, particularly for male sterility, because prior to is no existing variability for linolenic acid. Thus, muta
1970 there had been no reports of male-sterile-female- tion breeding will be used in an effort to produce mu
fertile lines. Results of the induced male-sterile mutant tants low in linolenic acid. 
studies are reported in Soybean Genetics Newsletter, Soybean varieties respond differentially when sub-
Vol. 1, April 1974, pp. 19-20. Another objective of the jected to irradiation. In the Pantnagar experiments 
program was to look for narrow-leaved mutants. Al- Clark 63 had a rather 1,,v~i mutation rate, and Semmes 
though the variety Semmes, for example, yields well in a somewhat lower freq ,r v,,y of mutants. Irradiation of 
northern India, its leaf size is too large. Through irradia- Lee produced fewer mutants than Semmes: no mutants 
tion several narrow-leaved mutants have been isolated were obtained from Bragg. 
and are being evaluated. The use of radiation is simply another tool available 

In any mutation breeding program the objectives must to the plant breeder. It should be most useful where 
be clearly defined and kept as simple as possible. More- many desirable characters (yield, lodging resistance, 
over, mutation breeding should be used only when there etc.) are present in a genotype that lacks one or two 
is no existing variability for a particular characteristic, necessary characters, such as resistance to soybean rust 
As an example, mutation breeding might be useful in the or virus. 
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Summary 

D. E Byth 

TIhe IneselltaItions and discussions in this symposium 
aniply illustrate the many problems that confront the 
tropical soybean breeder. In his program, the breeder 
has to take into consideration a great mainy factors. The 
presentations emphasized two main aspects of breeding. 
First, in order to be effective, selection and manipulation 
of populations must take into 	account the problems asthey' exist in the real world of p~lart breeding. Thebrleeeist eitthee worldoplan breedit. The
breederm apanel 
in mind. Second, the breeder should try to build enviro-mental 	 oels oil plit resosiveess to given environg-
mien tal factoris. Ile miust develop "screiens'' tIh rouigl1which selection can I)e made for specific types of 
responses. 

The yield levels 	frequently referred to in this and othlerfpyields only 	 Iinceni.5feric 	 ns r Intrediblyo.~lwere ir y 
so l. miot talk 	 albot breedig P ogri. \e sobld 

should~~ ~ ~ ~ ~ 

breeder must protect the soybean population from, 
among other factors, the massive influence of soybean 
rust, gross nutritional deficiencies, and poor nodula
tion if he is to have any chance whatsoever of moving 
toward an idealized plant type and a significant im
provement in yield, chemical composition, and other 
characteristics. 

2. 	 Recognition of specific environmental limitations. The 
presentation o the interelationslhip betweensoybean varieties and Rhizobiun strains illustratedthis point. Thai scientists now have a program to 

td irgnfxtontruhndlt.Testud nitrogen fixation through nodulation. They
must solve this problem before they can expect any 
quantitative yield improvement. The same conceptalies to moisture stress and to nutritional responsein cases of aluninum toxicity, manganese toxicity, Or, 

in higher alkaline soils, zinc deficiency. The breederhudcntnot takaotlireigporm.Wtalk about environnental 	 ~ ( manli puIa teor management limitations. 	 genes for cltia utitat ixe 
If we are interested iniyield improvement and improve-
iient in other quantitative, or continously distributed,
characteristics, it is totally ilsele';s to attempt to select 
these characteristics under test conditions that result in 
yields of only I.tt to 1.5 metric tolls per hectare. The 
yields are So restricted by enviromental factors. such 
as nutrition, disease, 1iodulitioli, and so forth, that we 
are not able to allow ftle inate ,genetic variability of oir 
soybeanlpopulation to le expressed. Therefore, we car-
not Select for quantitative characteristics. 

We have to separate the prograni into two parts: 
L Selection for yield and agronolic improvement. The 

charia cteristics aid ppulatios when yield levels are low. 
i 

As emphasized, potential improvement can be gained
through mutation breeding if (a) we have no other 
sources of genetic variability available, and (b) we can 
identify very specific object ives of the prograii. Unless 
these two criteria are met. mutation breeding should not 
be considered. In the tropics especially, the development
of soybean programs is limited because of insufficient per
soniel and inadequate scientific knowledge of soybeans. 
Iii my opinion, a breeder cannot afford to dilute Ihis 
efforts unless lies has very strong reasons for employing 
mutation breeding. 

Discussion
 

Question: When screening for photoperiod sensitivity
and looking for temperature ef'ects, over what period
do you calculate the average tellperattre? 
R. J. Suimmerfield: The prriod from planting to the 
appearance of the first flower. 
Question: How insensitive is Fiskeby 5 to tropical day
and night tellperat1res? 
It. J. Stimmerfield: Fiskehy 5 is very insensitive. Accord-
ing to the U.S.-Canadian classification, it could be classi-
tied as 0000. 
Question: What cultivars are photo, and thirmo-in-
sesi tive? 
R. J. Surmuerfield: Of those screened so far, Clark 63 
and Grant. 

Question: You mentioned in your talk that a pure line 
from P.I. 86736 yielded 7 tons per hectare in field trials. 
What population levels were used, and what was the 
response of this line to population variables? 
S. Shaninugasundaram: In a population density cx
periment conducted during 1974, four population levels 
vere used, viz., 10, 20, 30, and 40 plants per square 

neter. The plot size was 4.5 in x 8.5 m. Yield levelled 
ofr at 30 plants per square meter. Reference is made to 
the 197. .\VRDC Annual Report for additional details. 
Question: Soybeans are frequently grown in multiple
croppirg systems where high yields are also desired. Vari
eties developed for a nonoculture system may not be the 
best varieties for multiple cropping. Is a specially de

http:irgnfxtontruhndlt.Te
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signed variety trial desirable for testing those soybean .\Iso, what soil type and what indigenous nutrient status
varieties to be used in multiple cropping? are present in tile soil in your experimental plots? 
S. Shanniugasundaram: For intercropping, mixed crop- Arwooth NaLampang: We have not yet isolated singh.
ping, and multiple cropping situations the segregating strains, nor have we identified the electiveness of these 
po[lations and advanced breeding lines must be tested strains. \e have observed, however, that the nodulated 
under the conditions in which the crop will be grown, plans grow vigorously, with yields of about I.5 metric 
and selection must be done in the specific cropping sys- tons per hectare. 
tern. In general, varieties developed for monocropping In general, the soils ill the Northeast are lig l, sahndy 
may not be suitable for other croppirg systems, although in texture, and low in pl I aml fertility. If properly nodi
there may be exceptions. lated, native varieties of soybeals yield about I._5 to 1.8 
Question: Have vou studied th correlation between tons per liectare.
 
flowering and maturity in your soybean germ plasm? 
 Question: In orer to overconi depressed nodulation 
S. Shanmugasundaram: We havc not determined these experienced under certain soil conditions. would it be 
correlations: however, the time to flowering is usually considered more feasible to identify and adopt differeit 
influenced by photoperiod, but the period from flowering varieties that will nodulate more efficiently, or to identify 
to maturity is relatively constant in a variety. and adopt different Rhizobiun strains that will promotenodulation more efficiently?1
Question: Kitami Shiro is one of the leading varieties in 
IHokkaido, Japan. I)id you use the parents of Kitali Arwooth Nalanipang: We have tried both approaches. 
Shiro and other Ilokkaido varieties in your experimnents? At presenlt, inocultn is not produced in 'hailand in 
Also, there are several closely related varieties used inI alprecia)le quantities. llowever, lhizoiiill strains ae 
IHokkaido. Among all llokkaido varieties tested, did present, at least in sone areas. Therefore. selection of 
you find only Kitami Shiro to be nonsensitive to day- soVl)eai gentyles adapted to existing straius i.iht have 
length? merit. 

E.H. Paschal: The parents of Kitaiii Shiro were evalu- Question: B. B. Singh suggested a seed size of about 
ated for photoperiod sensitivity after it was discovered 12 to 15 grais per l0t seeds for tropical Soybeans.
that I'.1. Would this seed31 733-f 1 was plhotoperiod insensitive. One of iare size be acceptable for the Japanese

iarlet ? 
the parents exhibits a strong tendency toward day neu
trality. The results of these studies will be pIblished in T. Sanbuichii: I ai not very faniliar with details of 
the near future. Naili JalMan Ilowever, about 7 f pedeit of the 

Of the 515 genotypes (all in maturity group I soybeans arc used for nil, and any seed size tai be used 
screened for pliotoperiod response, P.I. 31733-1B was the for this purpose. 
only one identified as possessing unique pliotoperiod in- Question: What is known about the gene'tic control of 
sensitive properties. There was no attempt to evaluate the narrow leaf and inale-sterile inutants'
 
Hokkaido varieties that are closely related to Kitami B. 
 B. Singh: Genetic studies of the narrow leaf nmtants 
Shiro, niost or all of which are probably earlier maturing are in progress. The niale-sterile iuntant studies were
than group III varieties. As indicated in the presentation, reported in Soybean (;enetics Newsletter I : 19-20 (April
all but one (P.I. 31733411) of the plants from Kitami 197-1). Inheritance studies indicate that sterility in all 
Shiro were classified as group II. It has been reported the three lines (Semines I.S.I, Seiis NXl.S.2, and
that the early maturing varieties of H okkaido have less N69-277-1) is recessive and is governed by single gene 
photoperiodic response than later maturing varieties, pairs. Pollen studies ann differential pod set onithe male-
Question: In the photoperiod screening at Isabela, sterile plants indicate that the genes for sterility are dif-

Puerto Rico, P.I. 82232 flowered in 25 days and nmatured ferent in different lines.
 
in 84 days under a natural photoperiod. Have you tested Symposium Panel Members:
 
this P.I. at other locations? If so, what is its performance Crl N. I-little (Coordinator and moderator)
 
at these locations, and do you think it can be used as a Dar tt oordno and otor
 
parent for developing early maturing varieties in Thai- l)eraiment of Agronomy and INSOY
land or other low latitude areas? University of Illinois
 
E. H. Paschal: We have not tested P.I. 82232 at other Urbana, Illinois, U.S.A. 
locations. It could probably be used to develop early R. J. Suninierfield 
naturing varieties, but a better choice would be the Department of Agriculture and Horticulture 
more insensitive line, P.1. 317334B. We are in the Reading University 
process of testing insensitive and partially insensitive Reading, England, U.K. 
strains at several tropical locations. S. Shanmugasundaram 
Question: Have you identified the Rhizobium strains AVRDC 
you are working with in Thailand? Are the nodules ob- Shanhua, Tainan 
served in some breeding lines effective nitrogen fixers? Taiwan, R.O.C. 
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Small-Scale Soybean Processing: What Is Needed? 

Introduction 

L. K Ferrier 

in recent years food scientists have become increasingly to develop a food technology that will serve the dietary 
concerned about the nutritional status of people in the and economic needs of consumers, as well as meet the 
developing nations of the world. Many see a close rela- lest of commercial feasibility. 
tionship between improving the nutrition and health of Participants in this sym)osiul believe that the devel
people in these countries and improving social and eco- opnient of small-scale processing equipment for use in 
nornic conditions. The purpose of this symposium is to the home, village, or small industry is crucial. Successful, 
exchange ideas about methods of utilizing soybeans for small-scale technology should be imported from other 
human consumption and to discuss the kinds of equip- countries, and technological and research information 
ment necessary to achieve this end. should be freely exchanged. Existing methods for pro-

Nutrition education is an important aspect of any cessing soybeans on a small or intermediate scale should 
nutrition improvement program. People must become be further developed. One useful method for doing this 
aware of their nutritional needs, but at the same time appears to be to adapt "old fashioned" technology and 
they must be offered nutritious products that are both equipment, thus minimizing costs and allowing produc
palatable and low in cost. Consequently, it is essential tion on a smaller scale than would otherwise be possible. 

Practical Problems in Developing
 
A Small-Scale Soybean Food Industry in Thailand
 

Ubolsri Cheorakil 

Soybeans have occupied a significant place in the orien- finished product. When the quality of the raw material is 
tal diet for centuries. They are also found in the diets of substandard, the processing costs of the finished product 
people from practically every nation in the modern will be higher because of greater los.-es during processing 
world. Hence it is desirable that concerted efforts should and higher labour costs. 
be given to research on high-protein but low-cost food Soybeans available on the local market were found to 
products made from soybeans. With this objective in contain an appreciable amount of unusable material, 
mind, the Fcod Technology Unit (FTU) of the Applied such as sand and dirt (about I percent), as well as im-
Scientific Research Corporation of Thailand (ASRCT) mature, damaged, hard-seeded, and old beans (about 
has prepared many prototypic, high-protein foods, such 10 to 25 percent). This low quality results from improper 
as soy beverage, cream, cookies, porridge, tonic beverage cleaning and grading, as well as from the dishonesty of 
powder, and sweetened condensed soymilk. merchants who adulterate their soybeans. To avoid a 

During the course of developing these products FTU reduction in profit many merchants, instead of dis
has experienced many practical problems related to a carding the waste from the cleaning process, mix it with 
small-scale soybean food industry in Thailand. The fol- the new, high-quality beans in various proportions for 
lowing is a discussion of some of these problems. local sale. 

Even though improved varieties of soybeans are now 
RAW MATERIAL: POOR QUALITY AND ADULTERATION available in Thailand, processors cannot always get beans 

The cleaning and grading of raw soybeans is the irst of uniformly good quality on the local market. The gov
processing step necessary to ensure high quality in the ernment, therefore, must take strong action against poor 
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(11iality and adulteration to protect processors from fi-
nacial loss and to ensure !sigh quality in the finished 
products. Inorder to improve the quality of the raw ma-
wrial, several points should be taken into consideration. 

Grading Standards and Scampling Procedures 
Stallards for grading should be set by law. In order 

f, ctleforinu to predetermined standards, numbered 
(lnality tests for size, appearance, moisture content, ap-
piroxilnate composition, and so forth must be carried out 
:11nl, inthe case of export, be certified by a government 
laboratory. Sampling procedures should be drawn up 
in order to ohtain representative samples to determine 
uuuiforiiit' of qtuality. lhe law must be enforced by 
iunishing those who practice adulteration. 
'Fo meet grading and certification requirements a 

committee composed of various government agencies, 
stch as the Ministries f .\griculture, Commerce, In-
(ustry, Coimmunication. and Hlealth, should be estab-
lish'e. The working group of this committee must be 
very active so that quality standards for the raw material 
c111 be iniprovecl. 

Handling and Storage 
Facilities for the proper landling and storage of soy-

beans should be developed. Undue breaking and cracking 
of the seeds during handling and transportation must be 
avoided. lEah storage facility must be equipped with an 
approlriate device to limit the humidity, because initial 
bean germination generates heat that together with high 
himiciv will promote further germination. Proper 
storagc will also reduce other factors causing biological 
changes, such as the formation of fungus, the invasion 
of insects, and the inhabitation of mites, 

I l'less farmu bins are constructed to exclude moisture, 
no advantage is gained lbytaking great pains to dry the 
soybvlau. W\aterproof roofs and good ventilatioii are 
the uumost important features in farm bins. rather than the 
size, shape or colour. 

PROBLEMS IN RESEARCH AND DEVELOPMENT OF 
NEW LOW-COST VEGETABLE PROTEIN FOODS 

Early in 1967 ASRC1' initiated an active, food tech-
nology research prograinime with particular emphasis on 

the development of new protein foods adaptable to the 
'Ilai situation. 'He research programme also emphasized 
the examination of conventional food protein sources, 

the investigation of additional sources of protein foods 
for direct hunuan consumption, and the conduct of nu-
tritional, sociological, economic, and marketing studies 
on imew. low-cost protein foods. I)uring this programme, 
researchers identified the need for the following: 

Facilities to determine nutritive value. Because the 
.\SIC'1 facility for certain types of studies is limited, 
samples of basic food stuffs and food products adapted 
to 'Thai eating habits have been sent abroad for determi-
nation of protein efficiency ratio (PER) and some amino 
acids such as lysine, methionine, and tryptophan. I'here-

fore, a source of technical assistance in this area must be 
found. 

Adequate pilot-scale equipment. In November 1968 
UNICEF and ASRCT made an agreement to cooperate 
in a series of studies on regional, semicommercial-scale 
food preparation at ASRCT. Nutritious, high-protein 
food products, such as soymilk and peanut cookies, have 
already been developed at ASRC'' on a laboratory or 
kitchen scale, using soybeans, mung beans, or peanuts as 
the main ingredient. Ilowever, these product, have not 
been market tested because no funds were available. It 
is believed that these developments at ASRCT will be of 
interest and significance to several other countries in 
Asia. 

In 1975 part of the request for pilot-scale processing 
equipment was approved by the Australian Government 
through ASEAN under the Protein Food Project. Some 
items of the equipment on request were not approved, 
however, because of budget limitations.. \SRC' badly 
needs a packaging machine for liquid and powder, a 
pilot-scale drum drier, and a cold storage facility. 

Facility to design, fabricate, and repair special equip

ment. Repair services and construction facilities for 
equipment need to be improved and expanded. Small 
spare parts must often be ordered from abroad because 
such items cannot be purchased or constructed locally. 
Occasionally the quality of a product can be improved 
by a change in the processing equipment. but at an in
creased cost. For example, soymilk powder prepared by 
a spray drier is of a better quality than that processed by 
a drum drier, but the production cost is higher. .\ drier 
designed to yield the desired product without affecting 
the cost of production is required. In order to solve 
these problemns, a workshop for repairing, designing. and 
constructing scientific equipment and instruments should 
be established and supported by the government. 

Techno-economic feasibility studies. Last but not least, 
information on economic feasibility is equally as impor
tant as the ava ilability of technological expertise. A proj

ect may appear very attractive on the technical side, but 
be undesirable from the economic point of view. For ex
ample, a highly acceptable textured protein can be pro

duced from soybeans, but its price is beyond the reach 

of the average person in Southeast Asia. If small-scle 
production of this textured protein were launched, it 

might easily result in a serious financial setback possi)ly 
ending in bankruptcy. 

CONTRIBUTIONS BY OTHER PANEL MEMBERS 
Hideo Ebine: In the field of fermented soybean food 

production many key points must be borne in mind to 
make acceptable, high-quality foods. Koji making, how

ever, is probably the process of greatest importance to 
the fermentation industry. The following is a discussion 
of those points that are central to the manufacture of 
high-grade koji. 

Koji, which is widely used hy the Japanese fermenta
tion industry for producing sake, shoyu, and miso, is a 
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source of those enzymes that convert starch into sugars menter itself or by a motor-driven stirrer: (d an air 
and proteins into peptides and amino acids. Its func- conditioner to maintain the proper temperature and 
tion resembles that of malt in making beer or whiskey humidity during the development of the mold: and (e) 
in western countries. The fermentation of sake, shoyu, a device to remove the koji mechanically when cultiva
and miso can be said to start with the enzymatic activity tion is completed. 
of koji. Erwin Kopp: Dry-roasted soybeans have met with 

The microorganisms found in koji are fungi of the considerable ,occess in Ethiopia. Processing is relatively 
genus Aspergills. In Japan the seed or inoculum used easy because every household has the necessary equip
to make koji is called tane-koji, which at the present time nient, viz., a simple, charcoal oven and a flat pan. Manv 
is prepared in a tane-koji maker. The numerous varieties Ethiopians customarily eat roasted cereals and pulses fo'r 
of tane-koji derive their individual characteristics from breakfast, and hence were willing to try roasted sobeanls 
the activity of particular enzymes, such as the ainy- as a substitute. It was a mistake, however, to believe iliat 
lolytic or proteolytic enzymes, and from their ability to soybeans, which have not beei traditionally used in Etlii
grow on the rice used in koji making. opia. could be integrated into the daily diet within a 

In the process currently in use extreme care is taken short period of time. A booklet. "'SnyabeaM lade into 
to prevent any possible contamination by harmful micro- Traditional Ethiopian I)ishes." was Published. )u, he
organisms so as to ensure the production of a vigorous cause 90 percent of the population is illiterate, the book
tane-koji. Modern processing begins with growing a se- let did little to ease the enornious communication 
lect strain of Aspergillus oryzac on an agar slant in pure problem. 
culture. Spores from this pure culture are used to inocu- Soybeans have also been processed into full fat flour 
late partly milled, sterile, steam-cooked rice to which 2 inlEthiopia. The lour was used to Pr,'efare ft'af, ai nu

percent wood ash is added to provide trace elements nec- tritions, accepta)le infant food. Because small-scale pro
essary for the vigorous growth of the mold. Cultivation 
is carried out under conditions as clean as possible. and cessiOg equipment could iot ibeinported. we developedt~metemeraureisainaind at270to 00C .\terfi~ our owii ecluiilmineit, using a new iiethod for dlehirlling 
tie temperature is maintained at 27' to 30'G..After five and an extrusion cooker with a specially designed head.
 
days, when the rice is covered with mycelia and greenish- Unfortunately. this equiment is not currently in
 
yellow spores, the mixture is dried at -10' to 50'C and "eain
 
stored at low temperature and humidity to preserve the operation.
 
activity of the enzymes. F. G. Winarno: In 1976 Indonesia launched a.i an-


Before beginning the koji-making process it is ini- bitious lrogran called the National Campaign for Niu

portant to select a suitable tane-koji from the available. trition Inprovement of the Nation. whose purpose is to 

commercial varieties in order to ensure the proper bal- combat protein and calorie malnutrition. Four oganmiza

ance of enzymatic activity. The amylolytic type, for ex- tions are involved: (a) the Nutrition Intervention Pro

ample, is suitable for making sake and a few kinds of graim, (b) the Food Technology Developnicnt Center. 

miso, while the proteolytic type is best for shoyu and (c) the Nutrition Research and l)evelopment Center. 

most kinds of miso. and (d) the Nutrition Education and l'rainig Prograim. 
For koji making on a small scale the following equip- The Nutrition Intervention IPrograin (Nil) will pro

ment is necessary: (a) a vat for washing and soaking vide headquarters for the new. cooperative program. 
rice overnight at 15°C, (b) a steam cooker, (c) a vat in while the other three organizations will act as supl)ort 
which tc, inoculate the cooked rice with tane-koji, (d) components. The target of NIP is to improve the nutri
trays on which to spread the inoculated rice, and (e) an tion of tile l)eople, palrticularly the most vulnerable 
appropriate room in which the temperature is maintained groups, such as pregnant wonien, nursing mothers. :and 
at 270 to 30'C throughout fermentation of the koji. The children under two \-ears of age. Nutrition programs are 
tray method, however, is rarely used today in the Japa- also intended to counteract vitamin A and iron deli
nese fermentation industry, but has been replaced by ciemicies, anemiia, and endemic goiter. 'arget populations 
the bulk culture method. This method call be divided consist of vulnerable groups in villages and semiurban 
into two types, onie that uses a rotary fermenter and the communities. 
other a koji-ferraenting chamber. The rotary method is NIP is actually aii intersectoral program coordinated 
suitable for small-scale plants that use between 300 and by the National )epartnent of Hlealth. The N ilap
500 kg of raw material, while the fermenting chamber is proach includes nutrition education, for example 
used primarily in large-scale production. The type of through group study sessions for nursing mothers, and 
method selected should be determined on the basis of the food supplementation during four months per year. lood 
quantity of raw material to be processed by a factory. sulplementation is based omithe needs of a particulal 

The fermenter should be designed to meet the follow- village. For example, a village of 600 households with a 
ing requirements: (a) ease of cleaning to prevent con- total of 3,000 people would contain approximately 100 
tamination by harmful microorganisms; (b) adequate pregnant and nursing women and 64 babies under two 
aeration for development of the mold; (c) some pro- years of age. Annual supplies for such a village would 
vision for breaking up lumps that form in the cereal include 1.0 metric toii of soybeans and 2.5 tons of rice 
during fermentation, either by the rotation of the fer- or corn delivered over a four-month period. Supplies 
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are to be distributed on a temporary basis with the expec-

tation that within a short time the village will be able 
to provide its own food from local lands. Villages are 
grouped into subregions and subregions into regions. 
About 30.000 tonis of food supplements are required for 
each region. NIP plans to form a special organization 
to handle storage and distribution. 

The Food Technology )evelopment Center (FTDC), 
which will be built in the future, will concentrate pri-
marily on the nutrition problems of vulnerable groups. 
It will develop needed machinery and equipment, which 
must be low in cost, easy to rpair, and easy to operate. 
In addition, F''I)C will deveji'p fortified and supple-
mental foods acceptable to the local people. 

F"TI)C will also be responsible for encouraging small-
scale industry. At the present time the major problem is 
the scarcity of people trained to transfer technology from 
the laboratory to small industries, which have chronic 
problems related to soybean storage and shelf life of the 
product. Efficient methods of processing need to be de-
\,eloped to ensure consistently high quality, 

SUMMARY OF GROUP DISCUSSIONS 

After the presentations by the panelists, symposium 
participants were divided into small groups, each of 
which was asked to develop and present two ideas the 
members thought would be beneficial for encouraging 
impnroved soybean or protein intake in developing na-
tions. The following is a digest of some of the key con-
ets discussed. 

" 
International cooperation is necessary in order to meet 

the need for improved foods to upgrade the nutrition of 

vulnerable group)s, such as infants and pregnant and 
nursing women. Products already established in some 
countries could be tested and tile technology for their 
production transferred to other areas of that country or 
to neighboring countries. Assistance from governmental 
or other agencies is at the present time a requisite for 
Promotion and distribution. 

It was suggested that new food products be adapted 
from products that have met with success in other coun-
tries, rather than be developed as a totally new concept 
or product. Moreover, prototype foods developed by
governmental or other research organizations should be 
made available if possible for manufacture and marketing 
by commercial enterprises. Simple recipes for preparing 
nutritious meals or foods for vulnerable groups need to 
be perfected. 

International cooperation is urgently needed on both 
small- and large-scale processing technology. There is a 
ined to adopt and transfer machinery, product technol-

ogy, and training programs consistent with the socio-
economic needs of the region. Areas of emphasis should 

include low cost, acceptability of product and process, 

simplicity of process, and cultural and socio-economic 
suitability to the region. 

It is important that national governments set favorable 
policies on tax incentives, project financing, nutrition 
campaigns, and price supports conducive to the estab
lishment of small-scale soybean processing industries. 
There is a need to adjust and reorient processing, utiliza
tion, and marketing programs based on systematic sur
veys and evaluations of the nutritional, processing, and 
marketing aspects of high-protein foods. Each country 
must evaluate the cost benefit to the nation as a whole 
in terms of production, processing, and utilization of 
soybeans. 

Improvement of technology for manufacturing and 
using full fat soybean flours is highly desirable. Simpler 
and cheaper extrusion cookers should also be developed 
and made more readily available. 

Finally, INTSOY meetings should continue on a 
multi-disciplinary level, with increased emphasis placed 
on national five-year plans, particularly with respect to 
human improvement, income distribution, and increased 
production and employment. 

Symposium Panel Members: 
L. K. Ferrier (Moderator) 
Department of Food Science and INTSOY 
University of Illinois 
Urbana, Illinois, U.S.A. 
Ubosri Cheosakul 
Food Technology Unit 
Applied Scientific Research Corporation of Thailand
Bangkok, Thailand 

Ilideo Ebine 
Applied Mficrobiology Division 
National Food Research Institute 
Ministry of Agriculture and Forestry 
Koto-Ku, Tokyo, Japan 

Erwin Kopp 
Formerly of the Ethiopian Nutrition Institute 
Addis Ababa, Ethiopia 
F. B. WVinarno 
Agricultural Engineering and Product Technology 
Bogor Agricultural University
Bogor, Indonesia 

R. A. Buchanan 
ASEAN Protein Committee 
Australian High Commission 
Kuala Lumpur, Malaysia 
Amara Bhumiratana 
Institute of Food Research and Product Development 
Kasetsart University 
Bangkok, Thailand 
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Extension of Research to the Village Farmer 

Extension Workers in Agricultural Development 

Yookti Sarikapbuti 

My presentation addresses the following questions: 
* What can be done to make the importance of exten-

sion work more visible to the public and to students? 
WWhat can be done to improve the relationship be-
tween extension workers and research personnel? 

Let us look at some facts about our target group, the
village farmers. Small farmers occupy a key position in 
vsiags future agricultural developlent. In all Asin 

.\i' ftr arcltrldveomnt nal sm 
countries small farmers, who outnumber the medium and larghae famersa onsderble har of he arm 
large farmers, have ia considerable share of the farmland. The term "small farmer" is used broadly to ina

clude different categories of low income agricultural
producers, such as small landowners, tenants, and share-

croppers with holdings and income below the averagefor a particular rural area. Landless agricultural laborers 
are also includedr 

are alo incuded.and 
varies considerably withinAlthough the farming level 

this group, the small farmers' production potential is 

relatively underdeveloped in most Asian countries. Often 

their productivity is low; only a part of the small farm-
ers' production is market-oriented; participation in the 

technological progress lags behind that of larger farmers: 

and, for various reasons, small farmers are reluctant to 

respond to governmental promotional efforts. 
A problem being recognized more and more is the ii-

pact of the depressed income situation of small farmers 
on future political and economic development. The suc-

cess of development agencies in promoting the welfare 
of small farmers will determine whether adequate food 
supplies will be provided, rural employment increased, 
and incomes better distributed in the future. Small 
farmers could contribute more capital than they often 
do now. 

How, then, can extension services help raise the pro-
ductivity of small-scale farming and encourage small 
farmers to make more innovative and rational decisions? 
It is obvious that most extension services are not in the 
position to get deeply involved in additional campaigns. 
Each agent usually has to deal with large numbers of 
clients. Small farmers are relatively difficult to commu-
nicate with, and it is questionable whether the average 

extension worker is sufficiently prepared to meet this 
challenge. 

Should extension workers endeavor to deal equally 
with all farmers or should they concentrate only on 
certain groups? There are arguments for both ap
proaches. Often the decision is made inl favor of the 
second alternative, because it is basically imlssible to 
work with the same intensity with all farmers in a region. 
If resources are Scarce, it iilyb dial og\( rf 
Iresces activiarcewit be advisable to give preference to activities with the most favorable ('ost-benefit 
ratio. The difficulty is that this results in the selection of 

large and medium farmers for attention instead of the
small farmers. If one strictly follows the respnse pr:nI
ciple, that is. if concentration is focused on progressive 
farmers who quickly react to extension efforts the al
ready existing gaps among the farmers' groups will widen 

obvious imbalances in incolies and ina the social 

situation will become greater. 

What cant be done to make the iimportanc'e of exten

sion work more visible to the public and to students? In 

a recent FAO publicatioti extension is delindI as "a 
service or system which assists farm people, through 

educational procedures, in improving fariing methods 

and techniques of increasing, production efficiency and 
income, bettering the levels of living, and lifting tile 
social and educational standards of rural life." Ili many 
countries extension is still viewed only as a means of 

boosting production without improving the standard of 
living of the rural family. In some countries efforts 
aimed at improving the rural milieu by the formation 
of cooperatives or youth and women's programs are still 
regarded as a waste of time and money. 

Most extension services have catered exclusively to the 
adult male population. International Labour Organisa
tion figures show, however, that women constitute 51 
percent of the agricultural labor force in Thailand, 39 
percent in Tanzania, and 36 percent in India. Yet even 
though women perform a large part of the agricultural 
work and make many of the important decisions, woni
en's programs tend to concentrate on home economics 
to the exclusion of agriculture. 
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.\lthough many extension services have a rural youth 
component, this element is generally weak. Much stronger 
efforts are needed. In a recent survey, 50 percent of the 
fathers admitted they had adopted some of the new 
agricultural methods that were part of their sons' proj-
eets. This lends strong support to using young peo)le in 
Ih,, modernization of the rural sector. Extension must 

nIcially avoid ;aiming solely at the niale farmer and 
s;eek to involve women and youth as well as men in its 
plrogramis. To serve the farm community as a whole
should be the major objective. Only by first looking 
closely at the client groups and by obtaining tile view 
of the local people hefoire plunging in with a program 
can extension workers identify areas of need. With liii-
ited resources an initial programl aimed at a selected 
clientile tay hIe su(ccessful if evaluated regularly atid its 
direction readjusted leriodically as the program develops. 

A pilot area io the country should be selected to begin
the program, with plals for expanding it to other parts 
of thle c,,untrv. This has proved to be a wise strategy 
because it deals with a small, manageable area and i, 
small numler of farinens before a national program is 
staiitd. It also provides an opportutnity to test ideas and 
materials ott a small scale before lautincling the program 
on a nIitinwide bisis. This Ielps reduce waste and 
avoid possible frustration in launclhing such ai program. 

A massive endeavor is necessary to create farmers' or-
gaimizations, associa tions, and groups. Such organizations 
or aissociations must give farii families the chance to 
pai,ticipite iii pla1ning and decision making. The), must 
also assist farm families to develop an awareiess of their 
poj -itialities and the extent to which families can help
each otiher. Moreover, the private sector should be in-
volved in this work and encouraged to ex)and its pres-
ent pr(igrams. 

What call be do ie to improve the relationship between 
extension workers and researci I)ersoiit-'l) lhe lack of 

Siadeqluate relationship between resea rch and extension 
is well known. A Ipartial cause is the lack of al)preciationl 
for tile value of tile two-way collinitiications link that 
helps research workers identify problems. A coinlpetent 
and eflective research progran is essential to any exten-
sion service if de'velopmnent goals are to be realized. 
Without this essential support little progress can be 
Itiade. Although research and extension are two separate 
ameas of responsibility, research without exte'ision or vice 
versa will result ill miiial impact. Research without 
extension is meaningless; extension without research is 
empty. When placed together, they tend to make each 
other effective. They should always be considered coni-
plementary functions because both elements are essential
for agricultural development. Therefore, at the 1planning 
level close links between research and extension will be 
mutually benetficial in establishing conunon goals and 
planning necessary action that is in closer conformity
with actual needs and possibilities. 

It is no\w widely accepted that extension work should 
not only be oriented to improve agricultural production, 

but must also be directed to improve people's lives and 
rural societies. For this purpose, technical knowledge 
needs to be supplemented with a complete understand
ing of the relevant human and social aspects of the rural 
communities where progress and development are at
teml)ted. Social aspects are as important as technology. 
Efforts should be made to expand research activities to 
cover this field. Sociological research should be under
taken in combination with studies of economic factors. 
This could take the form of "situation studies," which 
in turn could lead to IIore al)pol)riate lmniog. Such 
studies should establishIencli marks against -which irog
ress may be measured, and also methods for )eriodic 
evaluations to determine program eflectiveness. Research 
institutions should be in a position to colla( orate with 
'xteiisiOII se'vices in performing tasks essential to the 

orientation, planning. and improveiment of tIi ex tenisioii 
service. 

Research institutions often -' irtie-V fields to coiduct 
field trials under actual fari conditions. To this end, 
extension services cail be Iiiost usifful to research and 
call profit ill turn Iy ol)taining firsthatd information oil 
new findings and materials ready for wider distribution. 
Ill this way extension workers cai assist in promoting 
research-provetn materials. 

Extension frequently needs specialists to solve pirticu
lar problems, to train field workers in specialized skills, 
to backstop extensioni field workers, aind to conduct re
gional trials or other educational events. When extension 
services have their own specialists, these should be ill 
constant contact with researchers, preferably l)articipit
ing in their work. They should play ;imajor role in the 
two-way eolitiication flow froti rural families to re
searchetr and back agaiin. Abundant evidence indicates 
that research results are not properly used at the farm 
level and that farii-level problems do not always reach 
the research workers. Much riesearch languishes in re
search journals beca use it has not been adla pted for use 
in extension. These findigs need to be put into lan
guage easily understood by farmers. This could be done 
by extension specialists in different fields of research. 
WVhen specialists are not available in the extension ser
vice, however, they should be obtained from the research 
stations. A close liaison is required between researchers 
and extensionists. Cooperation should be encouraged by 
the directors and carried out at all levels. 

Field days at experiment stations for extension workt'rs 
and farmers provide a means of inforiation exchange 
that should be encouraged. Extension and research work
ers should not overlook the opportunity for collaboration 
in field days. Training of field workers and farmers inthe latest developments c'an best be done by demonstra
tion. II general, gatherings involving the three parties 
farmers, extension agents, and research staff-- -cat con
tribute positively to the prestige of the institutions and
gain for them the greater conlidence of the farming 
communities. 

\Written materials produced by research institutions 



for public distribution are more apt to accomplish their 

purpose if research and extension workers collaborate 

in their preparation. Extension workers should be con-

sidered the main centers for their distribution. 

CONTRIBUTIONS BY PANEL MEMBERS 
4 

F. Jameson Bell: An examination of the record of 
soybean production in Thailand shows that the cultivated 
land devoted to soybeans can be directly related to the 
price. But while the record shows a steady increase in 
the total production of soybeans, this reflects only the 
increase in the area planted. ThIe yield per unit area 
has not changed. For 15 years it has heen less than 175 
kg per rai or 1.1 ton per hectare. There are a number 

of reasons for this stagnation. '[lie seed quality is poor 
and campaigns to increase production have been gen-

erally uncoordinated. 

Boonyawart l.uImpaopong: In its multiple cropping 
project Chlialig Mai University hias given atteitioi to 
bridging the gap hetween research and fanter. (ofrer-
ence participants will have a chance to visit tile research 
plots aitd the fields of cooperating farners. A nutither 
of cropping sequences are beilig evah1lited experl iten 
tally. At the satie time, we are examining traditional 
farming techniques to be sure that the cropping systemns 
developed will fit into the farmers' cropping patterns. 

l'o imprtve communications between extension agents 
and univesitv researchers, I)iree tor-(eneral ookti mid 

I have iet frequently. At one mticting scientists froiit 
Chiang \lai University presented ;t seminar on tile i til-

tiple croppling ptogram to extension staff. After the 
forimal presentations we broke into small workshopl 

groups, and the extension staff' had a chance to critique 
the prograin. I think wt' all benefited from this exchange. 

I hope we will have more such sessions in the future. 

William G. Golden: I would like to brieflv describe 

a prograin that has been a success. We began the rice 

production training programi at the International Rice 

Research Institute (I RRI) inl 196-1. Next month the 

programn will enter its eleventh year, and during that 

time over four hunded individuals have been trained, 

Trainees spend about half their time attending class-

rooin lectures ly internationally recognized experts ill 

rice production, culture, and utilization. '[ie remaining 

time is spent in tile paddy. sloshing through the mud 

with a water buffalo, growing their own rice crop. Most 

extensionists cani talk about growing a crop, but they 

cannot demonstrate it in the field. And that is where 

they fail. This training program is unique in that it 

trains the trainers by changing their attitudes. Ihe prem-

ise of the program is that sciece plus skills equal self 

confidence and credibility. And the training does not 

end with tie coipletion of the course. 'I'hie follow-up 

With the individual after he lias returned to his country 

is critical. 
The program caniit be successful without the backing 

of the trainee's govermnenlt and the involvemient of an 
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international center. The six months away from their 

normal environment at a quality institutiou is essential. 

Before they come, their home government must commit 

itself to stating exactly what position the individual will 
be in when lie returns. And theni after lie graduates and 

returns, we keep the heat on to encourage him to change 
the attitudes of others. We do not let the coals die once 
the participants a ie fired pill. 

In Sri Lanlka a similar multiple croppiing training 
program was initiated. By the time I left the program. 

the C(eylonese were traiiing not only their owin citizens 
but foreigners. Indoniesians were taught by ( evlonese. 
'Thi is is tihe multiplier eflect that is needed if we arv 
to itake a real impact oil agriculture iii developing 
countries. 

James J. Riley: lccilutlv the prss hais givei coilcsidi

able attention to agiculttral develolmlent in mainland 
(htiita. I have aslked Peter Kling to give us a brilef 

review of the systei ienilployed il the Ieoples Relilic 
of (hlit to transfer technology in agriculture. 

Peter Kung: Sin 't the rvdicoverv of mainland China 
in recent years, niany people are iiterested il tile Chiitese 
imodel of ;tgricultral developmtent.. \t present it is still 

difficutIt say whether this lro~a(h is transfferale to 
cotintries with differetit sociopolitical s~stiiis. 'ie Cli

iese believe thiat ideol ogical pressire and o-gaitizatioial 
transformation cail inIreTase the abilitv of faritiers to 

ldipt mtodern teclology. 'Ih'ey also believe tit soeial 
rcftri should precede t chnmiical refoiti. 

Aloig With food grains and cottoit, ie oil crops such 
ts sovheans and peanuts iivc doiminated piroduction, 
itaikcting, and (listriblitilt. It a campaign against Ilt

hrdevt.lom nt, pro ductiton is tli< tted hy mobilizing 
resoturces, including tit'e grtwers. wit are torganized into 
coi tIll('iles. cotiitiltie as :t battleieldIWerv is visoalized 
against poverty. Frequent list' of slogans makes every 

farmer aware of policy priorities. 
Brigades and production teais are set till ill each 

coti11mui1e. Ea cI brigade is assigi td 1 fixed IdltItiil 

target. In a brigade there may be several pioduction 

teams, each of which consists if If) to 30 families that 

live in one or more villages. E-tach team is governed iv 

;t committee that includes representatives of the local 

hIouseliolds. TIhie comilittet, chaired by liiirity iieieia 

her, decides how assigned targets will be. met, what crops 

will be planted. and what management systeitis will be 

used. 
Brigades may become highly specialized, providing 

certain services such as seed production and storage for 

the entire colllntile. In a coitine at least one brigade 

will have responsibility for field experimentation. Scien

tists froni agricultural colleges or research institutes are 

assigned to such brigades and are entitled to work there 

for one year every three years. This brigade evalutes 

new varieties, cultural piactices, and eroplping patterns 

in trial plots. Ally techniques judged superior by the 

experimental brigade aie immediately adopted on all 

extensive scale by the whole commune. 
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This reliance on local insight has psychologically en-
couraged coordination of research and extension. The
association of tilescientists with production brigades
provides a mechanism for the extension of new technol-
ogv. Students and teachers of the agricultural schools 
work side by side in field routines, spending three or 
four nionths per year with the farmers at the commune,
I hey are considered members of the production teams, 
Mlany industrial plants producing farm inputs or process-
ing agricultural products have been built up as part of 
communes. This also funnelhelps modern technology 
into agriculture. 

'erfornnce records of teams, brigades, and corn-
munes are compared and used to encourage emulation. 
Outstanding perfonmances are given recognition via an 
awards system. The best communes are used as demon-
stration farms for the county, the province, or the na-tion as ,awhole. 

In the democratic world, priate enterprise is re-
spected. Foramers who own their lands emke their ow
decisions. Core %etitionrather than coomeration is pwt
of the fie Cnterprise system. Agricultural extensionin
ofatiefree etterepre isystesAgricuras e xtnsion atfree society therefore involves mass education of farml-ers through persuasion. I do not believe the Chinese 
model can be transferred to these countries. A high per-
centage of the 800 million people in the People's Re-
public of C)ina are engaged in food production. The 
Illb of tileorganizat ion is tileconllllune, of which there 
are 70,000 in China. Agricultural development proceeds 
on a region by region basis anc heavier teclhical inpuit 
is used especially in areas with higher productivity. The 
agricultnral lands of the country are generally divided 
into modernizing regions and traditional regions. First 

priority is given to the modernizing regions, which 
are
subdivided into high, stable yield areas and improved 

yield areas. Emphasis is given to the former. 


Riley: What is being done with soybeans in the Peo-
ple's Republic? 

Kung: Actually very little. More cmphasis is being
given to grain crops. Annual soybean production is about 
11 million metric tons, which is consumed entirely
within the country. llowe'ver, in the pre-war period
China annually exported some 2.5 million metric tons 
of soybeans to the international market. 
Mohamad Jmnil: As I sev it,thc principal question
inexteasion ishow to get the farer to grow soybeanls 


Research technologies are developed at a distance from 
the farmers.For example, the early IRRI varieties were 
introduced into areas of Malaysia where environmental 
conditions were different from those for which they were 
de'eloped. and as a consequence their performance was 
poor.


S. Shanniugasundarai is right when lie says that we 
should transfer earlier generation breeding lines to the 
farmer's field. If this is done, it is possible to evaluate 
them in the areas where the released varieties will even-
tually be planted. The IRRI multiple cropping system
is developed along these lines. After the applied re-

search has proven successful, the results can then be 
introduced over a wide region.

The question has been posed, "What can be done to 
raise the status of the extension officer?" I think an 
analysis must be made by the worker himself. Extension 
officers must learn management and decision-making 
practices. The country should be divided into manage
able production zones each of which is relatively homoge
neous. These must be the basic units of any agricultural 
program. Using political or other artificial divisionswithin a country will not work. Extension and research 
must be developed together. Whatever the program used, 
it must bring research closer to the farm community. 
In short, we must recognize the client. 

In Malaysia most new ideas have been introduced 
through the commercial sector. 

Yookti Sarikaphuti: In Thailand the olicy maker isY o t ai a h t:I h ia d tl oi y m k ri
 
being stimulated. The key is the involvement of the civil
service organization and the governor of the province.
A meeting of all provincial workers is held twice a year.
Local problems are noted and brought to my attention.In addition, direct dialogues are scheduled between
farmers and Istaff miembers of the MnsrofAiclue

Ministry of Agriculture. 
Golden: The active and objcctive involvemnt of the 

politician is instrumental to the success of an agricultural 
development project. I can cite two outstanding exam
pies in the Philippines. 

Governor San Luis of Laguna Province participated
in a one-week rice production training program at IRRI, 
staying in the student quarters on campus and not re
turning to his office during the entire week. Following 
the training, lie distributed IR 8 seeds through his office, 
lectured to farmers on how to improve their yields, and

visited farmers' fields to learn of their production prob
lems. He later confided that lie was falling behind in his
 
office work because he enjoyed walking the rice levees
 
with farmers and discussing rice matters. Clearly he was
 
comfortable in the rice paddies with farmers and was
 
viewed as something of an expert after his training.
 

In the northern Luzon province of Ilocos Sur, former
 
Governor (Mrs.) Crisologo personally attended exten
sion meetings and encouraged farmers to use modern
 
rice technology to increase their yields. As a frequent
 
visitor to IRRI she searched for new information and
seeds of the new varieties, which she transported back 

to Ilocos Sur in her own truck. When experimental 
plantings were ready for harvest in her province, she 
officiated at tie "ribbon cutting" ceremony. 

Yookti: Field demonstrations are the best method of 
transferring technology. The farmers in the Chiang Mai 
area may plant as many as 20 seeds in one hole because
the seed quality has been poor. When a better seed is 
introduced, the farmers will have to be convinced by
results before they will accept a recommendation to plant 
only three to four seeds per hole. 

Jamil: In Malaysia the responsibility for extension 
has been transferred to the new Farmers Organization 
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Authority. The hope is that this will strengthen the has never been realized. When Dr. Bliakdhi Iusanan
farmers and raise their prestige. dana was the Director-General for Agriculture in Thai-

The problem of the extension of technology is not land, he secured a loan from the World Bank to support
caused solely by poor communications. Rather, a major soybean research. Many good opportunities are lost be
part of the problem is that too often the research being cause of lack of initiative or not knowing how to get
done is not, as I like to say, bankable. That is, it has support. Fortunately, this is not the case in northeast 
not attracted credit suppliers who provide funds for Thailand.
 
further research and development. Therefore, if we push 
 Yookti: A new project for increasing seed Irodcltionl 
to make our research programs produce results that are has just been initiated. Both Thailand and US.\ID have
bankable, funds for projects can be attracted, and the committed US$4 million. Initially -100 ietric tons of
transfer of technology will be accelerated, certified seed, including soybean, will be produced an-

The Malaysian Agricultural Research and Develop- nually. In six years production should reach 2,500 metric 
nient Institute (MARDI) selected a rice variety espe- tons of seed per year.
cially for an irrigation scheme. Field tests that proved I reconinend that workshops be organized at the farm
the yield potential of the variety were instrumental il level and experts assembled for a 10-day intensive dose
convincing the bank that the project was bankable. Now of local problem solving focused on the Prohlems of the
dollars for development are flowing into the project area. farmer. To make progress we must strengthen the farm-

Golden: I agree completely. We must scrutinize proj- ers' associations and increase our work with the progres
ects carefully and learn what has been tried in other sive farmers.
 
countries. The production of Rhiizobium japonicu soy
bean inoculant in Thailand is under discussion. Thailand DISCUSSION BY PANELISTS AND AUDIENCE
 
should look carefully at India's experience. In my judg
ment, they should buy commercial inoculum as an il- Question: Do farmers in communes of the Peolple's 
terim step until it can be shown that the local produc- Republic have the freedoni to select what crops or 
tion of inoculun is economical, methods of farming they are going to use, or do they 

We should remember that what we are talking about have to do what the production team tells them?
 
here today is not just the extension of soybeans, but Kung: They have little fredom and generally 
must 
production development. The organization of research follow the dictates of the conmlnune leaders or tile Coin
along commodity lines has proved successful. But for munist Party member of the revolutionary committee. 
the introduction of new technology at the farm level we Question: Please tell aboamt the marketing of farmi
need to share experiences. Sundar Shanniugasundaram products in the People's Republic. Where do the farmers 
has shown that it is genetically possible to produce 7 sell their products?
metric tons of soybeans per iectare. Jameson Bell has Kung: Roughly 50 pit'rc(nt of the products goes to
shown that the average soybean yield on farmers' fields the members as wages. But by deducting the free food,
in Thailand is I ton per hectare. This is the gap we free clothes, free medical care, and so forth, which are 
must try to close. paid for with farm products, there is hardly any left to 

Boonyawart: At Chiang Mai University arewe now be sent to the market. 
working to identify problems at the village level. The Question: Do they have any price ince:mtives in China
research and extension programs are directed towards to encourage farmers to produce more? 
producing solutions to these problems. Kung: No. There is no price incentive at all. The 

Jamil: The blame for the present status of dcvclop- major incentive in all areas is political consciousness. The 
ment has often been placed on colonialism, but I dis- agricultural program in the People's Republic is devoted 
count this argument. The present state of inefficiency in to the mobilization of the people and to directing all
extension will continue, unless the income level of the available means toward the production of food until self
extension workers is raised so they can have an adequate sufficiency is reached. The average rice yield per unit 
standard of living. Some of our extension agents had a area in China is one of the highest in Asia. It appears
study period in Taiwan. Just seeing the possibility of that the economies of scale outweigh any decrease in 
success greatly inspired them. For example, they saw food-producing capability of the individual.
that the extension workers on motorcycles could get Question: The key to extension outreach is the exten
more done. sion worker. His attitude toward the farmer and the 

Golden: Rewards follow successes. We must give the farm family, however, frequently makes him ineffective.
extension agent the ability to be successful; this in itself This is especially true when he feels superior to the
will lead to attitudinal changes. I like to refer to the farmer, as do many of the educated in developing coun
three D's of agriculture development: Direction, Dedi- tries. How can the attitude of the extension worker and
cation, and Discipline. that of the educated group from which lie comes be 

Bell: I think it is appropriate for us to ask what lies changed?
ahead. There may be changes in the making. Northeast Golden: One must train the trainers so that when you
Thailand has a tremendous potential for soybeans that do change an attitude, the effect can be multiplied. The 
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best inechanisi I know of to change attitudes is the 
intensive field and classroom training offered by the in-
ternational agricultural institutes. 

Questio'i: Why does Mr. Golden feel that help from 
am external international agency is obligatory in keeping 
a program such as soybean production going? 

Golden: International agricultural institutes can do 
things others cannot, and the quality of staff and facili-
ties cannot and should not be replicated locally. It is 
siniply a matter of making tile best use of the resources 
available. Since the institutes are there, the national 
programs should take advantage of them. 

Question: Do the farmers' associations in Malaysia 
assist in extension work? 

Jamil: The farmers' associations arc one of the most 
successful means of transferring new information. They 
are assigned geographic areas of responsibility that cor
respond to the agricultural zone divisions. As I have al
ready stated, much of the information is brought to the 
local association and the farmers by commercial repre
sentatives. These middlemen are satisfactory up to a cer
tain point, but the extension service must also play a 
role. The extension service must be concerned not with 
the selling of a product but with human development. 

Summary
 

Jae 

To suimnarize this discussion is difficult. I therefore 
intend to emphasize the key points made by the panel 
members and the uniqueness of the speech given by 
Director-General Yookti. His words lend themselves to 
quotation: 
" "Give the farmer a voice." 

" "Only by first looking closely at the client groups and 
obtaining the view of the local people before pllunging 
in with a program can extension workers identify 
areas of need." 

" "A massive encdeavor is necessary to create farmers' 

organiizations... or associations [which] must give 
farm families the chance to participate in planning
and decision iiaking." 

" "Farmers - Extension --Research." 
gave us some maxims to re-

Willim Golden also 
mmiembeiihr: 
" "Chanlge thle chanlge agent [thle extension worker]." 

" 	"Science plus skills equal self confidence and credi-
bility.'' bility."F. 

* 	"Wemust change attitudes." 

* "The basic problin is at the top; if leaders can be 
convinced, there is a chance of success." 

No amount of discussion would produce the solution 
to the problem of extending research results to the vil-
lage farmer. There is no single general solution, only 
numerous particular solutions. By examining these, we 
can gain insight into how to solve future problems. 

Tan Sri Mohamad jamil left us with two key ideas: 
"We nmust recognize the client" and "We must strive to 
make our research bankable." Frankly, I am encouraged 
by the degree of competence that Asian leaders, such as 
those represented oi this panel, bring to the task of 
transferring agricultural technology. 

Villiam (;olden said we must convince the leaders. 
I say the leaders here today are convinced. 

.Riley 

I want to thank members of the audience for their 
frank questions and the members of the panel for their 
direct answers. In closing, I recommend we keep Direc
tor-General Yookti's words in mind: "Research without 
extension is meaningless; extension without research is 
empty." 
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Current Status of Soybeans in Australia 

j S Russell and R. J Lan 

Although soybeans were grown in Australia over 50 
years ago (Anon., 1922), it is only in the last five years 
that the crop has become significant. In the past, on!y 
small areas were sown to soybeans because suitable vari-
eties were not available and because there was no aware-
ness of the importance of plhotoperiodic response with 
respect to adaptation and agronomic and cultural prac-
tices. Climate has also restricted expansion of soybean 
production, and undoubtedly will continue to be a pro])-
lem, because only small areas of Australia have adequate 
summer rainfall. The production of maize, which has 
similar climatic and soil requirements, has never ex-
ceeded 200,000 hectares and is currently less than 
100,000 hectares. 

Recent research, the acquisition of suitable varieties, 
and favourable market conditions have led to an increase 
in soybean production since 1968 (Table I ). Major 
expansion began in 1970-71, and over a seven-year 
period there has been almost a twenty-fivefold increase 
in area and an even greater increase in production. 
Yields l)er hectare leveled off between 1972 and 1975 
at about 1,360 kg per hectare, probably because of the 
extension of soybeans into drier, rain-fed areas, an in-
crease in the number of inexperienced farmers growing 
the crop, problems of weed control, and the difficulties 
of obtaining effective stands. There was also more rain-
fall than usual during this period. In 1975-76 the 

Table 1. Area Sown, Production, and Mean Yield of Soy-
beans in Australia, 1968 to 1975 

Year Area sown Production yiel 

(ha) (metric ions) (kg/ha) 

1968-69 .......... 2,090 1,739 832 

1969-70 .......... 4,970 5,027 1,012 

1970-71 ........ 7,330 8,933 1,219 

1971-72 .......... 18,020 28,136 1,561 

1972-73 .......... 27,960 37,923 1,356
 
1973-74 .......... 40,849 55,580 1,361 

1974-75 .......... 50,500 68,750 1,361 

1975-76 .......... 27,000(estimnate) .... 


decrease in the area sown to soybeans is possibly related 
to price factorr. 

Most of the current production is in Queensland, with 
the remainder l)rincipllly in New South Wales. A con
siderable proportion of the areas sown, especially in New 
South Wales, is irrig.ated. Production occurs largely be
tween 26' and 330 S. latitude, and much of the future 
expansion should occur in this region (Laing and Byth, 
1972). Areas sown in subcoastal regions should also he 
increased. Development of suitable varieties could e:
tend soybean growing into lower latitudes and possibly 
into areas with less rainfall. 

VARIETIES 

The availability of improved cultivars from the south
ern United States has been an important factor in soy
bean expansioni in Australia during the last five years 
(Lawn and Byth, 1976). Well over 1,000 accessions have 
t en made since the 19 30's (Byth, 1971). Some of these 
have since been lost, but a combined national collection 
of 500 to 600 accessions, mostly of tropical and subtrop
ical origin, is maintained at several institutions. 

The majority of current cultivars are direct accessions 
from named U.S. cultivars. There are five exceptions to 
this. Ross, Gilbert, and Daintree were released by Byth 
from the University of Queensland program for use pri
marily in low latitude areas. Wills and Semnstar are. 
farnier releases, Wills being an unreleased U.S. line, 
and Semstar probably a selection from a natural cross. 

Extensive regional trials have been carried out, par
ticularly in eastern Australia, to evaluate cultivar adapta

tion (Williamson and Rose, 1973; Filet and Williamson, 
1974; Laing et al., 1974; Sheridan and Cutting, 197-1). 

Cultivars currently recommended in Queensland (\\alsh, 
1975) include Gilbert, Ross, and Improved Pelican at 
17' to 200 S.; 1)aintree, Wills, and Davis at 24' S.; and 

1)avis, Bragg, Hampton, Hill, and Semstar at 25' to 29' 
S. Almost without exception, cultivar recomniendations 
for New South Wales consist of named U.S. cultivars. 

J. S. Russell and R.J. Lawn: Commonwealth Scientific and Industrial Research Organization, Division of Tropical Agronomy, Brisbane, Queens
land, Australia. 
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AGRONOMY 

Low temperature is less of a constraint on the potential 
growing period in Australian soybean areas than it is in 
areas at higher latitudes (e.g., 400). Although the lack 
of tepllerature constraints increases the flexibility of 
planting clatc, it makes it imperative that the interactiA,. 
between particular cultivars and planting dates be under-
stood. Several studies (Byth, 1968; Lawn and Byth, 1973 
aind 197-1) have elucidated these relations for a number 
nf (liltivars at latitude 270 S. Studies of planting date 

irv currently in progress at Kiiberley Research Station, 
latitude 16' S. (Russell et al., 1976)..\t this frost-free 
station the research ain is to find cultivars that can grow 
in the winter, that is. undei daylength conditions of 11 
to 12 hours, 

Plant poplation. involving both row width and plant 
iiianageiuent. is also an important factor affecting opti-
iuni llnut yield. In general, c'-uparatively wide row 

widths 170 to 90 c(n) are reconiniended for long-season 
crops ( 120 to 130 days from planting to aturity), while 
narrower rows (35 to 70 ci) are required to achieve 
maxiiun yields from short-season crops (100 to 110 
days) . Within the row. plant densities of 20 to -10 plants 
per metre ame usually recomnended. Plant populations 
range from 300.000 to to0.o0 plants per hectare for 
irrigated crops, and 150,000 to 200,000 plants pei he-
tare for rain-fed crops. lhowever, short-season cultivars 
or long-season cultivars planted late are spaced closer 
than usual to promote higher yields, taller plants, and 
increased height of the first pods above the ground. This 
lst ciaractcristic reduces losses due to mechanical har-
vesting. 

Ideally, equidistant planting would produce optimnu 
plant yields, since this appears to result in more effective 
utilization of soil moisture (Lawn. 1971). In practice, 
weed control a11d irrigatioi usually inecessitate planting
im rows. 1lo\wvcer. various bedding priuctices have evolved 
in irrigated areas. At the Kimberley Research Station. 
for xIiiph,, four rows at 25-cm widths are generally 
plmdtd on 1.5 metre beds, thus approaching the ideal of 
equidistant plants while allowing irrigation and weed 
control. 

DISEASES 

Soybeans are susceptible to a wide range of diseases, 
alhough few of these occur in Australia (Anon., 1974). 
There are three bacterial diseases: bacterial pustule 
(.Vanthamowas pha.oolii var. sojnsis), bacterial blight 
(Pseudoionas .linea), and wildfire (Pseudonzonas 
tabacil. Plant resistance to pustule and wildfire is avail-
able, but there is no known resistance to blight. Control 
measures include using resistant plants where possible, 
removing volunteer plants, and rotating crops to facili-
tate the rapid breakdown of plant trash. 

There are three main fungal diseases: soybean rust 
(Phakopsora pachyrhizi), Sclerotinia stem rot (Sclero-
tinia sch'rotiorum , and charcoal rot (Macrophomnina 
phaseolina). No varieties are resistant to rust at present. 

Suggested controls (Anon., 1974) include growing away 
from known hosts and, in the early stages, using a fungi
cide. Because the rust pathogen has a wide host range, 
many native legumes present in soybean growing areas 
can act as hosts. Charcoal rot can frequently be reduced 
by preventing water stress in irrigated plants. Sclerotinia 
rot can be controlled by not planting in areas known tohave this disease. 

Two virus diseases, soybean mosaic and peanut mottle, 
occur, but neither is currontly of major importance. 

INSECTS AND WEEDS 
At present the green vegetable bug (Nezara viridula) 

is the most troublesome in the main soybean growing 
areas. Chemical control of this insect is readily obtained. 
The lucerne stem borer (Zygrita diva) is currently of 
concern in the north, and research is in progress to deter
mine population dynamics and control. Under some con
ditions the spur-throated locust (Austrachis guttolosa) 
can cause substantial crop damage. 

Weeds can be a significant factor affecting soybean 
yields. In most established areas weeds are controlled by 
cultivation and the use of selective herbicides (Felton, 
1973). In tropical areas weed control is of particular
importance, especially during the period from pod filling 
to maturity. During this period, when soybean leaf cover 
is decreasing, rapid growth of some weeds can result in 
harvesting problems. Major weeds in these areas include 
horehound (llyptus suav'eolens), hops (Nigrandaphase
oloides) , goathead burr (Bassia bicornis), and Mossman 
burr (Cenchrus echinatus). 

RESEARCH 
Fi iti have undertaken various aspects

of soybean research. The University of Queensland and 
toe 
the University of Sydney both have active research pro
grams. The Queensland )epartnent of Primary Indus
tries and the New South Wales I)epartment of Agri
culture are involved in the applied aspects of soybean 
culture, and the former is also involved in soybean breed
ing. The l)ivision of Tropical Agronomy of the Common
wealth Scientific and Industrial Research Organization 
(CSIRO) is involved in selection and agronomic studies 
in northern Australia, and in the higher latitudes it is
engaged in physiological field studies, particularly in re
lation to nitrogen fixation. The )ivision of Plant Indus
try has some interest in plant introduction and studies of 
soybean land races. 

Much progress has been made in recent ye~rs. De
veloping better varieties for the lower latitudes and drier 
areas is still a major challenge. Further studies of plant 
nutrition, especially in relation to zinc, are also necessary. 
In the lower latitudes the development of management 
systems, including weed control and water management, 
is necessary. A clearer understanding of the physiological 
processes in nitrogen fixation should enable farmers to 
include soybeans in land systems that maximize the 
nitrogen fixation ability of soybeans. 
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Soybean Research in Bangladesh 

Lutfar Rahman, M. Z Hoque, and Peter R. Hobbs 

Bangladesh is crowded into a relatively small area of 
55,000 square miles. With a population of about 75 mil-
lion, it is one of the most densely populated and poorest
countries in the world. Total cultivable land is about 
22.5 million acres and this has a cropping intensity of
about 149 percent. Monthly mean temperatures never 
fall below 60'F: hence the climate is very favourable for 
year-round crop production. The average minimum and 
maxinum rainfall is about 52 inches and 108 inches 
(five-year average), respectively. The heaviest rains 
occur in June, July, and August. About 95 percent of 
the annual rainfall occurs from April to October, and
about 58 percent of this is in June, July, and .\ugust. The 
average rainfall in Bangladesh from Novenber to April
is very low, about 2.5 to -1.5 inches. This low rainfall is 
insufficient for sustaining good crops. 

More than 87 percent of the total area is an alluvial 
plain stretching from the northernmost part of the 
country south to the Bay of Bengal. This vast, flat area 
lies between sea level and 150 feet above sea level. An-
nual floods cause siltations, which replenish the soil 
fertility each year. The l)redominant kinds of soils of 
Bangladesh are loam, sandy loam, silty loam, clay, and 
clay loam. 

The two cropping seasons of the country are Kharif 
(April to September) and Rabi (October to March).
In the Kharif seasoni more than 80 percent of the total 
cultivable land is planted, principally with rice and jute. 
In the Rabi season, when land utilization is less intense,
the importamnt crops are Boro rice, wheat, millet, pota-
toes, sweet potatoes, peanuts, mustaird, pulses, and winter 
vegetables. Except for the sugar cane areas, the cropping 
patterns of the country are essentially rice-based, 

All the pulse crops and almost all oil-seed crops are 
cultivated during the winter and post-winter seasons, 
The most important types of pulses and oil-seeds are 
lentil, grain, mung bean, mustard, sesame, and ground-
nut. Yields are generally very poor compared with those 

of other countries. In spite of the fact that these crops 
cover a large acreage, production falls far below the total 
requirement for protein and edible oils. The per capita
consumption of oil and pulses, a large quantity of which 
are imported, is only about 1.1 and 3.0 kg per )ear, re
spectively. This rate of consumption is extremely low 
compared with that of many countries in Southeast 
Asia, Oceania, and other countries in the world (Anon.,
1973). Thus, a comprehensive production programme 
for growing crops that can supply both protein and oil 
is a pressing need in Bangladesh. 

POTENTIAL OF SOYBEANS INBANGLADESH 

Soybeans are by far the most suitable crop for supply
ing good quality oil and protein. Soybeans are not yet a 
farmers' crop in Bangladesh, but their economic impor
tance is at last being recognized by planners in various 
fields. Experiments revealed that the agricultural condi
tions of the country are highly favourable to soybean pro
duction throughout most of the year. Moreover, soybeans 
are regarded as important to the national economy be
cause they yield more oil and protein per acre than 
other crops raised for similar purposes (MCC, 1975). 
Thus it would seem that a comprehensive effort to intro
duce soybeans into Bangladesh will be \ery effective. 
Short-season varieties of soybeans will be especially suit
able for intercropping with sugar cane (Razzaque, 1975). 

Soybeans in Potential Cropping Patterns 
Throughout most of Bangladesh soybeans will not be 

competitive with rice and hence must be designed into 
rice-based cropping systems if they are to be successfully 
cultivated by farmers. In the rainy (Kharif) season 
enough moisture is available, but soybeans can only be 
grown in the highlands and some of the flood-free plains.
In the dry season irrigation is necessary in the highlands.
On some of the plains and in the lowlands the crop can 

Lutfar Rahman: Bangladesh Coordinated Soybean Research Project, Bangladesh AgriculturalResearch Council, Dacca, Bangladesh.
M. Z. Hoque: Bangladesh Rice Research Institute, Dacca, Bangladesh. 
Peter R.Hobbs: International Rice Research Institute, Dacca, Bangladesh. 



be grovn by using residual soil moisture. Stubble plant-
ing of soybeans immediately after the harvest of trans-
planted Aman rice in November and December has po-
tential and would efficiently use available soil moisture. 

During the dry season in Bangladesh soybeans can be 
incorporated into the major cropping patterns following 
the rainy season crops of jute or deep-water rice, or 
they can be planted during July and August folloving 
Aus rice and succeeded by winter crops. In yet another 
pattern soybeans can be planted in the dry season after 
Aus rice (rainy season) and transplanted Aian rice 
(July and August) . Sugar cane, a raiiny season crop, caii 
be intercropped in its early vegetative stages with soy-
beans. Soybeans can also be planted with corn or water-
melon to increase the efficiency of land use. 

Present Status 
A coordinated soybean research project has been ini-

tiated by the Bangladesh Agricultural Research Coun-
cil. This three-year project involves the following in-
stitutions: Bangladesh Agricultural Research Institute 
(BARI) , Bangladesh Agricultural University (BAU) , 
Bangladesh Rice Institute Fangla-Research (BRRI)B, 
desh Council for Scientific and Industrial Research 
(BCSIR), Sugar Cane Research Institute (SRI), In-
stitute of Nuclear Agriculture (INA), Bangladesh Food 
and Allied Industries Corporation (BFAIC), and Bang-
ladesh Aricultural i)evelopment Corporation (BADC). 

Varietal selection, yield trials, and other agronomic 
aspects of crop production are being studied by tile 
appropriate divisions of these institutions. A considerable 
amount of work in extension, including some research 
trials, is being done by a few voluntary organizations 
operating in the country, particularly the Mennonite 
Central Committee (MCC). UNICEF is also attempting 
an extension progranime. The food technology division 
of BCSIR is working on the storage and food processing 
aspects of soybeans. The important products being con-
sidered included soymilk, so), flour, and biscuits. Plans 
have also been made by BCSIR to produce soybean in-
oculum locally, 

EXPERIMENTS AND RESULTS 

Varietal Performance 

The committee has arranged to have about 182 vari-
eties, strains, and populations collected from the United 
States, Taiwan, Australia, and the Philippines. Most of 
the recently collected varieties are photoinsensitive and 
niature early. An earlier collection includes varieties of 
photosensitive types. Even during the June planting most 
of the varieties in this earlier collection require about 129 
to 135 days to mature (Khaleque, 1975). Varieties that 
mature early require a maximum of 120 days during the 
rainy season. However, there are varieties that take only 
about 90 to 105 days to mature. These varieties may fit 
into the present cropping system and give substantial 
yields. 

The first comprehensive yield trial for nine soybean 
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varieties in Bangladesh was initiated by the Mennonite 
Central Committee. Averaged over six locations, the data 
relating to different characters indicates a fairly good 
performance for varieties such as Adelplia, Iark, Rain
page, Bragg, and Improved Pelican regardless of loa
tion. This was dry-land farming during the post-winter 
season with supplemental irrigation. The results imdi
cate better adaptability of tie crop to different regions. 

Using 21 varieties, the second exlerinieit, also initi
ated by MCC and conducted by various organizationis 
froiii January to May 197-1 suggests that somie varieties 
can produce as high as 3.135.6 pounds per acre (\ICC. 
1975). The lowest yield obtained \was about 885 pounds 
per acre. Most of the varieties, however. produced more 
than 1.660 pounds per acre. Tl experinu, t conducted 
at the Bangladesh Agricultural Univiersity showed that 
\'arieties such as Mack, l)avis, lee-6,, I.e-7-1, Brag. 
and Pickett-71 produced iiore than 1,500 pounds per 
acre. 

The same 21 experimental varieties were also givii to 
the Pulses and Oilseed Di'vision of Bangladesh Agricutl
tural Research Institute. Tie performance of these va
rieties under the red soil condition was reported by 
lKhaleque (1975), who noted that the following 10 va

rieties can be arranged in order of perfcrnmii Ce: M\lack, 
Bragg, Bossier, Forrest. l)avis, Seiies. I)mroved Peli
can, Lee-7.1. SRF-1(0, and Adelphia. The yield ran ge in 
these varieties was 890.32 to 1,315.0 pounds per acre. 
Majid (1975) also worked with the sanie 21 varieties 
during the saie season. According to her, the best p'r
forming varieties at l)acca Centre, which has soils of 
acidic reaction. were the following: Mack. Forrest, SRF
425. EC-39752, Iee-6,. Bragg, Clark 63, l)are, EC
11780, and ''ainuitng. Mack and Bragg perfrmed well 
at all three experimental stations. 

)uring tihe rainy season (.June to October) in 1975, 
experiments using 71 varieties tested at three different 
institutes indicated that performance varied for each 
variety and location. When the 15 top-performning vari
eties from each institute were graded, the total number 
of varieties stood at -10 (°l'able I ). 

'The following five varieties were con imonl to each par
ticipating institute: l)avis, Bragg, Bossier, Hardee, and 
Lee-68, an indication of their overall good performance. 
The next six varieties (Tracy, Ilproved Pelican, I)are, 

Clark 63, Pickett, and Forrest) were common to two of 
the institutes. 

Row-Spacing Trials 
Results of three row-spacing trials using varieties as 

reported by Moore (1975), Shahidullah (1975), and 
Rahnian (1975) indicate that a closer 1)lant spacing pro
duced higher yields. Spacings of 30 cm between rows 
and 4 to 5 cm between plants in the same row influenced 
the per-acre yield significantly. 

Effects of Inoculum 
In an experiment using inocula and nitrogen it was 

observed that nodulation was greatest at the lowest rate 
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Table 1. Varieties from Four Different Institutes Graded According to Yield Potential 

Yield 
grades" 

1....................... 

2 ........................... 

3 ........................... 

4 .......................... 


.......................... 

6 ........................... 

7........................... 

8........................... 

9........................... 

10 .......................... 

11 .......................... 

12 .......................... 

13 .......................... 

14 ........................ 

15 ......................... 


DAU", 

EC-l 11780 
UPSM -19 
Davis 
Imp. Pelican 
Bragg 
Tracy 
Semmes 
Dare 
Clark 63 
Lee 
Bossier 
Q-40 
Pickett 
Hardee 
Lee-68 

Varieties 
BCSIR" BRRId BARI, 

Lee-68 
Hardee 
Davis 

Cocker Hampton 
Bossier 
Ankur (UPSS-33) 

Lec-74 
K-16 
Area tuba 

Bossier 
Tracy 

Hark 
Hutton 

Pelican Ctg.
FC-30594 

EC-39752 Hardee FC-30621 
D-70-3185 
Forrest 
PaiMaiTan 
PK-71-39 

Davis 
Bragg 
AVRDC-19 
SJ-2 

Pelican 
P-3 Malaya 
Imp. Pelican 
P-3 

Pickett 
Ankur 
Dare 
Bragg 
UPSM -229 

Jupiter 
Imp. Pelican 
Lee-68 
Forrest 
Clark 63 

M -1 
T-I8 
PaiMaiTan 
M. Malaya 
EC-39752 

" Yield grades represent superiority range from I to 15 in serial order of performance."BAU - Bangladesh Agricultural University (Rahman, 1975).' BCSIR-- Bangladesh Council for Scientific and Industrial Research (Shahidullah, 1975)." BRRI - Bangladesh Rice Research Institute (Haque. 1975).
"BARI - Bangladesh Agricultural Research Institute (Khaleque, 1975). 

of nitrogen and when seeds had been inoculated. No 
nodulation occurred in the noninoculated treatments 
(Ilaque, 1975). Iligh rates of nitrogen application also
made the plants susceptible to insect infestation, pri-
rtarily to hairy caterpillar. However, according to Moore 
(1975), nitrogen applications of 0.02 pounds per acre 
when inoculated seeds were used, followed by urea ap-
plications of -10 pounds per acre, produced considerably
higher yields per acre (2,477 pounds). But interestingly,
this yield was not significantly different from that ob-
tained when inoculuni only was used. 

Stubble Planting 

Preliminary results on stubble planting of soybeans
following the Aman rice harvest are encouraging. Care 
must he taken to provide suitable drainage to promote
vigorous growth. Varietal difference in the adaptability
of soybeans to this method of cultivation must be taken 
into consideration. The taller, medium-naturing vari-
eties were better than the short, early-maturing varieties. 

Separate experiments on the methods of sowing seeds 
during the rainy season are being evaluated. Ploughless
farming seems to be quite advantageous in sowing the
seeds dring this period (1-laque, 1975: Rahman, 1975). 

Pest and Disease Problems 
The prevalence of soybean diseases is quite high in 

the rainy season. The pathogens belonging to different
species were isolated from seven varieties of soybeans.
According to a survey of soybean diseases conducted in 
August 1975 (Ahmed, 1975), the prevalence of bacterial 
pustule (IPscudomonas spp.) and yellow mosaic is very 
high during the rainy season. Leaf curl, chlorosis, and
leaf spot were also prevalent. Ahmed found that all va-
rieties were infested with bacterial pustule and yellow
mosaic diseases. The hairy caterpillar (Diachrisiaobliqua 

W. and Epidosome rydia Butl.) was the most serious 
inse.., pest of the crop in this country. 

FUTURE SOYBEAN RESEARCH IN BANGLADESH 
In order to establish this crop in the country, the fol
in o rntovest ps , whicn e o th fol 

lowing cotprehens e steps, which need both national 
and international support, should be taken: 
I. Adaptation, acclimatization, and subsequent develop
merit of a few short-season, photoinsensitive varieties of 
soybean. 
2. Development of varieties resistant to drought, insects(mostly caterpillar), and diseases (mostly yellow mosaic 
virus and bacterial pustule).
3. Research on seed viability, including the study of 
adequate storage facilities and development of varieties 
that can inherit long viability. The possibility of such
breeding programmes will have to be explored interna
tionally. Mutation may be a field for such study.
4. Local development of irnocula and an economic as
sessment of the comparative performance of soybean va
rieties under inoculated and noninoculated conditions. 
5. Development of packaging methods. 
6. Further investigation to evaluate the cost-benefit ratio 

for sugar cane-soybean intercropping. 
7. Development of marketing facilities to enable farmers 
to sell their soybean crop.
8. Expansion of extension activities so that farmers can 
have access to new technology and information on the 
various methods of production and uses of soybeans at 
the farm level. 
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Soybeans in India 

M C Saxena 

In a predominantly vegetarian society such as India, 
fats and proteins of vegetable origin are of special sig-
nificance. 'lie impoitance of soybean production in 
Indian agriculture, therefore, is obvious. Soybeans have 
been grown for centuries in the low hills of the Kumaun 
and Carlwal regions of the Himalayas, foothills of this 
tract, and some scattered pockets in central India. low-
ever, the varieties grown have generally been of long 
maturity duration, viny growth habit, with small and 
freely shattering pods, black seeds, and very low yields.Seeds from these varieties were used primarily as pulses

u azones, 
by the local population, and the green and dried vegeta-
tive parts were used as forage for cattle. Prior to 1965 sev'-
eral attempts to introduce high yielding, commercial va-
rieties from the Iulited States and other countries failed. 
Somie acvanes in this connection were mnade during
1965 and 1966 through the cooperative programme of 
the University of Illinois at rbana, USAID, the Uni-

versity of Agriculturein aTechnology at Pantnagar 
and the Tni\ersity of at ngpur.Agriculturei Jaba Initial 
afon th'ivrsiyogricile t im pr. il 
efforts in th is lpro~grannw fifled to improve yields be-

-auseof improper varietal selection and crop manage-
ieat. In 1966, however, more systematic efforts were 

made to establish the feasibility of direct introduction of 
soybean varieties developed in the United States and to 
realise their full yield potential under Indian conditions 
(1,eng, 1969:1sorglitun.Saxena and al.,(7.e, 	 Pandley, 1971 ; Saxena et 

19) 
n)couraged by the success of soybean production attt 

Pantnagar and Jabalpur, the Indian Council of .\gri-
cultural Research, New Delhi, started ittuinteriistim-
tional Coordinated Soybcan Research Project in 1967 
with the Indian Agricultural Research Inmstitute, New 
Delhi, as the main centre. P;tntnagar and Jabalpur were 
established -is special centres. and another six subcentres 
were designated at locations throughout the country. 
Since 1975 the All India:Coordinated Soybean Research 
Project has expanded considerably. As a result of re-
search and development eflorts, soybean cultivation has 
increased consistently, thus permitting optimistic pro-

duction targets to be set. It is projected that by 1978-79 
130,000 hectares will be planted to soybeans, an increase 
of 363,400 hectares over the 1974-75 soybean liectarage. 
Most of the developed area is in Madliya Pradesh and 
Uttar Pradesh. Other states encouraging soybean culti
vation are Karnataka, Maharashtra, Gujarat, Biliar, and 
Ilaryana, 

CROPPING PATTERNS 
India can be broadly divided into four agriculturalIdacnb ral iie nofu giuua

viz., the northern hill, northern plain, central, and 
south zones. As a rainv season crop (July to October, 

n cro (,Julyto7.o ). 
soybeans can he grown in all these zones (Saxena, 1975. 
As a spring crop (February to June), tile), can be raised 
in the northern and the central zones with tile ut -I 
irrigation. As a winter ciop (October to Matcht . tlit

11can the central and II(,th /oIttes,be grown in parts of 	 I 
with either irrigation or residual nioisttoe. It titt" north
ern hill zone soybeans do well ,s.t miwt mi crop up to 
an altitude of 1,000 to 1.5(10 tiiit- ;md ae replacing 
the poor yielding, low inii.i.,' ('1p of fingerinillet 
(Elusiue coraana.). t, ;ate intercrop)ped withSl I..|t 


maize and fin.emidivi wn the bids of paddy fieldsand in young otcI 	 s at low alitudes. In the northern 
e oi land that would other

wise lit- faillw, or they replace poor crops of maize and
They are also intercropped with pigeon pea, 

cottolln, sugar cane, sunflower, and maize. In order toconserve moisture for the subsequent winter season, so)
beans are grown in central India on lands formerly left 
fallow during the monsoon season. In the southern zone 
they are intercropped with sorghum, cotton, sugar cane, 
and pigeon pea, and they also show promise when 
planted inrice fallows.
 

VARIETAL IMPROVEMENT 
Starting with the introduction of promising varieties 

from the United States, the varietal improvement pro
gramme has passed through several phases. Emphasis 

M. C. Saxena: All India Coordinated Soybean Research Project, 0. B.Pant University of Agriculture and Technology, Pantnagar, India. 
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has been on the development of varieties suitable for Within the sane latitudinal range, varietal suitability 
different regions of the Indian subcontinent, which differs. For example. in the northern hill zo .e Bragg 
extends from 80 to 360 N. latitude. Germ plasm from can Ise grown successfully at altitudes below 1,500 meters, 
different parts of the world was systematically evaluated but not hetween 2,000 and 2,500 meters. .\t the latter 
at several centres, and promising selections were further .ltitulde I lark and Iliarosov showed promise (Singh and 
tested in various parts of the country. Singh and Saxen-i Saxena, 1975). 
(1975) have identified the following varieties as suitaih 
for commercial production during the monsoon s~ism: Table 1. Performance of Some Advanced Breeding Lines In
(a) northern hill zone: Bragg, Lee, Clark 63. Piclet, eluded in Initial Evaluation at Pantnagar, Monsoon 
UPSM-19, and Punjab-1 (b) nordlwt'rn plain zone: Season 1974 
Bragg, Lee, Ankur, PK-7121. ind I'SM'.-f.19 in the 
west and central regions, and ll(ragg. Ankur and Tm- Breeding line lDaystO IyI-eed Yield Rust 
proved Pelican in the east: Itc ct-iral zole: Bragg, i g (/ 
Ankur, Monetta, Davis. JS-2. EC 1077, UPSM-229, PK-73-84 .............. 132 14.4 4,335 It, 
and J-231 ; and (d) southern zone: Davis, Hardee, Im- PK-73-86 .............. 132 16.7 :1,909 R 

PK-73-75 ........... .. 130 15.9 3,857 R
proved Pelican. and FC: 308 21 (8/3). 1K-73-88 .............. 133 15.0 :1,770 R
 
Many exotic varieties have shown high susceptibility PK-73-87 .............. 1:34 I4.7 :1,709 R
 

to a series of diseases and pests. Hence, breeding pro- I1K-73-83 .............. 1:13 14.11 3,687 .

PK-73-90 .............. 130 14.2 3,546 R


graniiws for developing high yielding varieties with high 1K-73-119 .............. 133 13.0 3,320 R
 
resistance to diseases and pests have been started at PK-73-67 .............. 123 21.5 :1,277 R
 
Pantliagar, Jabalpur, and Delhi as well as at some of the PK-73-69 .............. 124 13.2 3,274 R
 

other centres. Major objectives have included breeding PK-73-72 .............. 129 14.5 :1,261 8.
for (a) high yield, with varietal adaptation to local con- PIK-73-70 .............. 132 14.9 :1,15! it
 

ditions; (b) disease resistance, particularly to mung 1)K-73-1 .............. 1:10 13. 5 3,122 It

bean yellow mosaic virus, rust (tPhakopsora pachyrhizi). PK-73-76 .............. 133 16. 7 3,092 It
uPK-73-73 .............. 132 15.7 3,0111 It

Rhizoctonia aerial blight (Rhizoctonia solani), and char- PK-73-79 .............. 124 111.2 2,909 It
 
coal rot (Afacropiionina phaseolina); (c) better seed PK-73-71 .............. 133 15.3 2,133 I
 
quality, with improved germination under adverse con- 1'K-73-68 .............. i2:3 19.7 2,1120 It
 
ditions and greater viability under normal storage; (d) I'K-73-B .............. 131 12.9 2,755 ,
 

maturity duration to suit different cropping patterns and Bragg ................. 123 15.2 '2,579 S
 
different seasons; (e) plant type, including semidwarf. PK-73-66 .............. 12-1 1-1.7 2,501 I
 
nonlodging, and nonshattering types for monocropping. 'K-73-74............... 133 14. 1 2,:90 R
 

PK-73-78 .............. 129 15.9 2,371 S
and compact, earl), nmturing, moderately shade-tolerant PK-73-77 .............. 128 15.0 2,15:1 it 
types for intercropping among long duration crops; and 
(f) suitability for commercial and home uses. With CD1.................. 873.74
 

cV .................. 16.90%
these objectives in view, breeding programmes using 
different methods have developed newer lines that R resistant. 
show a higher yield potential than Bragg, formerly the "S = susceptible. 
most adaptable variety (Tables 1 and 2). 

Germ plasi is being maintained at Pantnagar, Jabal- Table 2. Performance of Some Advanced Breeding Lines 

pur, Poona, Amravati, Bangalore, )elhi, and Ludhiana. Evaluated at Pantnagar, Spring 1974 

A total of 4,198 germ plasm lines and five wild soybean lcrys to 
species are being maintained at Pantnagar, and about Line/variety tield 

2,000 lines at Amravati. Germ plasm showing resistance 
to rust includes UPSM-38, PK-71-39, UPSM-91, and Goldsoy ..................... 36 102 3,563PS-73-4 ..................... 39 
 102 3,229UPSM-168. Immunity to yellow mosaic has been found PS-73-7 ..................... 37 100 3,06
 
in P.I. 171443 (UPSM-534) and in the wild type, PS-73-10 .................... 37 100 3,065
 
Glycine formosana (Singh et al., 1974a and 1974b). PS-78-6 ..................... 39 102 2,993
 
Charcoal rot resistance has been found in lill, EC-1077, Adelphia .................... 19 112 2,1177


Harrowmnanchu .............. 41 96 2,809
and EC-25166. Lines resistant to these diseases have been PS-73-11 .................... 39 100 2,799
used in developing varieties with high resistance and Harosoy-63 .................. 37 100 2,755
 
good agronomic characters. F, and F, progenies of some Hark ....................... 35 97 2,557
 
of the crosses have been evaluated, and lines combining PS-73-5 ..................... 37 100 2,493


Grant ...................... 36 95 2,354suitable agronomic characters, resistance to both yellow PS-73-13 .................... 37 99 2,068
mosaic and rust, and good germinability have been se- Henry ...................... 39 101 1,831 
lected. In addition, mutation breeding has been used 
for developing male sterility (Patil and Singh, 1975). CD 780 
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PRODUC' ION AGRONOMY 
Experiments have been conducted inl different parts

of the (country to develop production methods for dif-
ferent agricultural conditions. Studies on depth of plant-
ing have revealed an optimum depth of 3 to 5 cm, butunder high soil moisturc conditions a depth of more than 
3 cm reduced emergence appreciably (Singh et al., 
1971b). .\ bulk density of more than 1.4 g/cc adversely
affcted root growth and nodulation (Singh et al., 1971a). 
Studies on plating dates, l)nt population, and roy,' spac-
ig revealed that crops planted before the monsoon 
hrived, whereas in crops planted after the monsoon 

the establishment of desired population was difficult. 
Crust formation, which conspicuously reduced emer-
geice, could be avoided by) mulching with straw imnie-
diately after planting. A population of 300,000 plants 
per hectare at row spacings of -15 to 50 cm proved satis-
factory for premonsoonplanting, whereas a population 
of 500,000 to 600,00 per hectare at row spacings of 30em wa~s opitimnui for spring l)lantinlg. Studies on planting 

ietliods revealed that drilling with a grain drill resulted 
inmettesad thatdillinhose gotain d rl etletter th anin b~ stands th ose ob ta ined )y ,co n ve n tion a lse\\'ed ng. T netalurrng t e s ed s wi t f u gi c d es
seeding in furrows. heating the seeds with fungicides 
such as 'I'hiram at 3 grams per kilogram of seed pro-
tected seedlings (Nenfrom fungal and stands2).ena,etal. 19 rots improved 
(Neme et ail., 19721). 

Results of water mnagement studies revealed that 
monsoon crops required one preplanting irrigation and 
one or two more irrigations during the pod fill stage 

in cases when the monsoon withdrew early. Surface 
drainage wasa important for good environmentgrowth. Ridge-planting ensured better rhizosphere in fields 
igesrdabte hzshr niomn nfedwith poor subsurface drainage. Spring and winter cropsresponded well to irrigation, which was essential at 40 

percent depletion of available moisture.Rhizobium inoculation was essential at all locations.Peat-based cultures proved better than other types 
(Bhargava et al., 1974; Tilak and Saxena, 1974). An 
indigenously developed, peat-based culture, commercially(Bhaga veed, ;ak ard Saxe, 1974).can 
nmanufactured at Pantnagar, has been as effective as 
inoculum imported from manufacturers in the United 
States. Establishment of Rhizobium japonicum on sandy
loam soils poor in organic carbon and exposed to high 
temperature during germination has been a problem.
Irrigation, mulching with stray,, and using high inocu
lation rates have been effective in reducing this prob
lein (Balasundaram, 1975). Lime, gypsum, and talc pelleting of inoculated seed has also proved effective at 
se of inoculated ro isome locations. Yields from a well inoculated crop of 

soybeans with no nitrogen fertilization were as high 
as those obtained with 240 to 300a n n n c l t d c o kg N/ha applied toa noninocu lated cro p orr a n o u ai g i oi e r i ea nonnno dula ting isoline raised 
on the silt), loam soils of Pantnagar, which are rich in 
organic carbon (Singh and Saxena, 1972;Pal and Sax
organic7carbont(SinghoandtSaxenai1972;nPal. on the contribution andbSax19 75a) Studies of symbiosis 
to total N needs of soybeans revealed that when nodulat
ing and nonnodulating isolines were used, the maximum 
contribution was about 83 percent, which decreased as 
the rate of N fertilization increased (Pal and Saxena, 

Fig. 1.Soybean disease complex in northern India. 
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1975b). Responses to a starter nitrogen dressing ap-
plied at the rate of 15 to 20 kg N/ha were positive 
only on poor feLdlity soils. Positive response to phos-
phorus application up to 80 kg P2O,/ha was obtained 
on low P status soils (Singh and Saxena, 1973). Re-
sponses to potassium application were negligible. Zinc 
deficiency was observed in the field, but could be cor-
rected by a foliar spray of 5 kg zinc sulphate combined 
with 2.5 kg lime in 1,000 liters of water per hectare. 
Varieties differed in their susceptibility to zinc deficiency 
(Saxena and Reddy, 1973). 

PLANT PROTECTION 

first 30 days ofEffective weed control during the 
crop growth was essential (Blian, 197-1). One mechani-

cal weeding 15 to 30 days after planting gave excellent 
weed control using a preenier-weed control. Chemical 

gence application of alachlor, nitrofen, or sencor has 
been very effective. Alachlor and nitrofen are being 

used commercially by farmers. Weed control obtained 
by gramoxone sprayed between the rows with hooded 
sprayers has also been practised by some farmers. 
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Fungal, bacterial, and viral diseases have been oh
served in different soybean growing regions of India 
(Fig. 1 . Crops in the hilly area are generally free from 
most of the diseases. Mung bean yellow mosaic virus. 
which is a serious disease, affects crops primarily in the 
Tarai area and on the plains of the northern vone. 'Tlie 
virus is spread by the wliteflh (Bcmin.ia tabaci), which 
can be effectively controlled by following a spray sched
ule using a combination of 0.1 percent malathion and 
0.1 percent metasystox started 2(1 to 25 days after plant
ing and repeated at 10-day intervals until pod floria
tion starts (Nene. 1972 . Yellow iiiosaic resistance is 

being bred into several varieties. A new yellow iosaic 

resistant 	variety. PK-71-21, is now undergoing seed inul
.\ schedule for thetiplication and will soon be released. 

control of soybean rust, caused by P. pachyrhiizi (Sarb

hoy et al., 1972: Sathe, 1972). has been devtloped using 

2.5 kg Zineb per hectare applied 50). 60, and 70 days 

after planting (Thapliyal and Singh, 1973). 

As shown in Fig. 2, a wide range of insect pests attacks 
soybeans throughout the life cycle of the crop ((;an
grade, 1974). Studies on the chemical and biological 

Fig. 2. Soybean insect pest complex in northern India. 
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control of these pests have been carried out at Pantnagar, 
jahalipur, and J)elhi. Insecticidal sprays used to control 
the whitefly are also effective in controlling defoliators 
and .:iicking insects. In cases where pea stem fly (Ae-
lanaromyza phaseoli) infestations are high, the use of 
:,vs t r nic granular insecticides, such as thimet or disyston, 
;itplamting has proved very effective. Bacillus thurin-
giri i has provided effective biological control of com-
loon lepiclopterous insects, although it is not yet recom-
irieided for practical use on farmers' fields because 
.tudies of some aspects of its use are still incomplete, 
With the exception of liphe.tia cautella, found in low 
hills, no 	major insect pests have been observed on soy-
beans in 	storage. 

SEED PRODUCTION AND STORAGE 
Conditioins conducive to high quality seed production 

include mild temperatures and low humidity during the 
maturity phase. The foothills and the low hills of the 
northern zone are ideal for seed production. The great-
est damage to seed quality occurs as a result of post-
harvesting weathering and handling. Threshing at a 
moisture conlent of 12 to 13 percent with a low cylinder 
speed was satisf',ictor. A soybean thresher with a pro-
duction 	 c:apacity of 6 to 8 luintals perihour has been 
developed fo: coiumercial threshing. 

Conditions fo safe storage of seed have also been 
identified. Loss of seeds stored at 5"C and -10 percent rel-
ative hiuciidity is luiuch less than loss tinder normal room 
conditions (Singh and Setia, 197-1: Agrawal, 1975) : 
however, successful storage under normal room condi-
tions is possible in areas where the humidity is low 
(Agrawal and Kaun, 1975). Certified seed is now being 
produced on a commercial scale for the varieties Bragg,
Lee, Ankur, and Clark 63 )y the Tarai i)evelopment 
Corporation, LAd., Pantiagar, and by the National Seeds 
(,ocporation. l)elli. 

UTILISATION 

Iloine processing methods for the use of soybeans il 
the daily diet hi.ve been developed at Pantnagar, Delhi, 

.jabalptur. and Baigalcie (Singh, 1970: Kanthanmni,
1970: Krishnamurthv and Shivshankar. 1975). Green 
beans of H ardee are used for making l)opular, south 
Indiani dishes, such as I 'ppitu. 1lusli, Thovi, and Sam-
bar, JS-2 and (oker types are good for blending with 
potatoes to make vegetable cutlets. Vegetable soybeans,
such as Kim, Prize. Magna, Bansai, and Kanrich, are 
used for making curries. Dried seeds of Hardee have 
been used for riaking Idli and Chatni. Recipes and 
methods of leparation have been demonstrated to the 
farming community through mass communication chan-

Satellite Instructional Televisioniels, including the S1974 
Experiment. 

Commercial processes for making soybean beverages, 
Soy curd, so\ ice cream, soy candy, extrusion-cooked 
products, weaning foods, and soy nuts have been de'el-

oped. Experiments with fermented foods show that a 
highly acceptable "cheese" and "cheese spread" can be 
prepared. The Soy-Production and Research Association, 
Bareilly, Uttar Pradesh, is making extrusion-cooked 
products on a commercial scale, using a Wenger X-25 
extrusion cooker and full fat and defatted soy flour. Ex
pansion of production by using a Wenger X-155 ex
trusion cooker has been proposed. 

Currently, a considerable portion of soybeans produced 
in India is being solvent extracted. The cake is exported 
for animal feed, and the oil is used for hydrogenated fat 
production. The full fat and defatted so), flours are used 
by bakeries and the antibiotics industry. 

MARKETING 

The marketing of soybeans is still not well organised.
From time to time the Government has announced a 
support price, but it is generally not very attractive to 
farmers. The price of other oil-seeds, particularly ground
nut, and their availability on the market has determined 
the price offered by processors to soybean farmers. Rapid 
development of marketing channels and the regulation 
of prices are essential for encouraging the cultivation of 
soybeans in India. Cooperatives have an important role 
to play in this venture. 

EXTENSION 
Intensive education of farmers in the cultivation of 

soybeans has been necessary. In Uttar Pradesh, Madhya 
Pradesh, and Karnataka demonstrations have been used 
successfully to familiarise farmers with the selection and 
cultivation of suitable varieties, the use of manure fertil
izers, materials and techniques of inoculation, and herbi
cidal weed control measures (Table 3). Field meetings, 
farmers' fairs, training sessions, radio broadcasts, films, 
distribution of literature, and correspondence courses for 
literate farniers have also been used. The Central (ov
ernment is sponsoring a soybean development )rogramme 
during the fifth Five-Year Plan with the intention of 
popularising soybean use and production and spreading 

Table3. 	Average Soybean Yields from Farmers' Fields in 
Northwestern Uttar Pradesh' 

-

N,. of eld prof Net Sale 
YearYtradeon- demon- Yied(kg/ha) rodIcc-ti 

(Rs/ha) 
prfiprofit 

(Rs/ha) 
pricepricc 

(Rs/q) 
1969 ............ 23 2, 507 1,023 1,484 100 
1970 ............ 39 2,213 1,0154 1,159 100 
1971 ........... 61 2,259 1,030 1,229 100 
1972 ............ 124 1,974 1,078 1,389 125 
1973............ 

............ 
1975 ............ 

69
49 
51 

1,911
2,263
2,171 

1,155
1,542
1,730 

1,712
4,115
2,611 

150 
250
200 

Data from demonstrations conducted by the Extension Pro
gramme, G. B. Pant University of Agriculture nd Technology, 

Pantnagar.
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information on effective techniques for soybean cultiva- Sarhoy, A. K., P. N. Thapliyal, and M. M. Payak. 1:2. 
tion. It is hoped that this programme will hell) in the ex- Phakopsora pachyrhizi on soybean in Ind. Sci. Cult. 38:19H. 
pansion of soybean cultivation and will permit India to Sathe, A. V. 1972. Identity and nomenclature of soybean rust 
achieve its production target by 1979. from India. Curr. Sci. 41(7):26-t-265.Saxena, M. C. 1975. Soybean in Indian agriculture. Seed 

Tech. News 5(4):1-2.
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Current Status of Soybean Research 
and Utilization in Indonesia 

Sadikin Somaatmadja andEdi Gubardja 

Soybeans, which serve as a source of protein in the diet fields either a seni-intensified or an intensified method 
of the people, are an important crop among the food of cultivation is used. 
legunies grown in Indonesia. At present soybeans occupy A simple method is preferred by farmers in regions
fifth l)lace wong the other food crops, after rice, cas- with a pronounced dry season. In this method land prep-
Sava, niaize, and sweet potatoes. Research on soybeans is aration or soil tillage is not practiced in order to hasten 
conducted at the Central Research Institute for Agricul- tle planting time so that the crops can niake good use 
lure (CRIA) at Bogor and its substations, including of the soil moisture still available at the end of the wet 
Sukainandi and Ujung Pandang: at several universities, season. Seeds are sown either before or after rice is bar
such as the Institut Pertaiian Bogor, Universitas Gadjah vested. Most farmers, however, broadcast or dibble the
Mada, .ogyakarta, and Brawijaya Maling: and at other seeds after the rice harvest. The planted fields are usually
research institutes. including Badan Tenaga .\tom Na- covered with straw to prevent or reduce evaporation.
sional, Jakarta. and Leinbaga Biologi Nasional, Bogor. In the semi-intensified rnethod of cultivation, which is 

usually practiced in regions without a pronounced dry 
PRODUCTION season, the soil is tilled first. Seeds are then either broad

cast or dibbled, 2 to 5 ci deep with two or three seedsHeclarage and Yield per hill at plant distances of 25 x 25, 30 x 20, 40 x 15, or 
From 1970 to 1973 the annual harvested hectarage of 20 x 20 cm, depending on the growth type of the plant.

soybeans averaged 703,878 hectares with a l)roduction of The intensified nethod is carried out with soil tillage,
517,199 metric tons and an average yield of 7.34 quintals dibbling seeds at regular plant distances, weeding, irri
per hectare (Table I ). Approximately 80 to 85 percent gation, and pest control. Fertilizers are usually not used
of the total soybean liectarage in Indonesia is in Java- in soybean cultivation. It is commonly believed that soy-
Mildhtra. Other imlportant areas producing 10,000 metric beans are not very responsive to fertilizers and that soy
tons or more of soybeans annually are found in Central beans grown in rice fields usually make use of residual 
and Iast java. On thc basis of a live-year average (1965- fertilizers from the previous crops. This is generally true 
1969) , 2-1 counties (Kabulpaten) can be considered nma- when soybeans are grown in sequence planting following
jor soybean piiduction areas in Java. Outside Java- sugar cane. 
Maclua expansion of soybean production has taken place Most Indonesian farmers practice the siniple iiethod 
in Bali and parts of Nusa Tenggara, Sumatra, and of cultivation in their rice fields, because they consider 
Sulawesi. it the most efficient and practical way to grow soybeans. 

PRODUCTION TECHNIQUES Table 1. Five-Year Averages for Harvested Hectarage and 
Systems of Cultivation Production of Soybeans in Indonesia 

Soybeans ire cultivated in sar'ah fields during the dry 	 Are Production Yield 
wel)season as well as in dry fields (tegalan) during the wet Years 	 harvstedt P(dton Yiclda(ha) (tons) (qt/ha) 

season. In both types of fields, soybeans may be planted 
in nionoculture, intercropped, or planted in rotation 1950-1954 ............. 431,742 294,8134 6.82vith other upland crops. In the sawah fields three differ- 1960-1964 ............... 596,210 410,577 6.73
 
ent systems are generally used, viz., simple, senii-intensi-	 1965-1969 ............... 601,644 410,197 6.84
 

1970-173 ............ 703,878 517,199 7.34
fled, and intensified methods of cultivation. 	 In tegalan 19701973 

Sadikin Somaatmadja: Sukamandi Research Station, Central Research Institute for Agriculture, Sukamandi, Indonesia. 
Edl Guhardia: Bogor Agricuitural University, Bogor, Indonesia. 
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Table 2 shows cropping patterns of soybeans in rice 
fields and upland areas. 

Inoculation 
In most cases inoculation is done when the crop is 

introduced to a new region or when it is first planted on 
land where legume crops have not yet been grown. For 
this purpose farmers usually mix the seeds with soil taken 
from the place where the soybeans were previously grown. 

Harvesting and Processing for Storage 
1-arvesting is done either by uprooting the whole plant 

when it is ripe or by cutting down the plants with 
sickles. Prior to threshing, the harvest is put into several 
heaps and covered with bamboo mats to protect it from 
rain. Threshing is done by treading the whole plant 
under foot or by beating it with bambco sticks. This is 
then followed by winnowing and screening. The drying 
phase may take several days because of the high relative 
humidity of the air, which slows down the dehydration 
of plant tissues. 

Storage 
The dried beans are usually stored in bulk, in silos, or 

bagged in the godown. The seeds are not easy to store 
because of attack by pests, molds, and bacteria. Gener-
ally the storage facilities are also poor and cause a 
marked reduction of germinability within a very short 
time. 

FACTORS AFFECTING SOYBEAN PRODUCTION 
IN INDONESIA 


The average soybean yield in Indonesia is about 7.30 
quintals per hectare, which is low compared with aver-
age yields in other countries, such as the United States. 
Canada, Brasil, and Japan. The following is a discussion 
of the most important factors responsible for low yields. 

Seed Viability and Seed Supply 
Farmers are rarely able to obtain good soybean seeds. 

This naturally results in a poor crop stand, which in turn 
lowers the yields. Many gaps in soybean stands occur 
because of the low germinability and viability of the 

seeds. The number of plants usually harvested ranges 
from 50 to 60 percent of the total number of seeds 
planted per unit area. 

The seed needed by most soybean growers is supplied 
by seed merchants. In some regions the flow of seed is 
coordinated by the Koperta (Farmers' Cooperative). 
while in the Bimas program seed is supplied by the ])irec
torate of Production. The trouble with soybean seed pro
duction is that it is virtually impossible to maintain high 
germination over rather long periods of time. Gerinina
tion usually drops very fast after three months' storage. 
This points out the need for good storage facilities. In 
order to overcome this handicap. farners in the uplands 
usually use seeds from the wet season harvest for planting 
in rice fields during the following dry season. 

Pests 
Numerous insect pests have been found associated with 

soybeans in Indonesia (M. A. Iman and colleagues, per
sonal communication). Infestation by the following in
sects has been found on vegetative parts: Plhacdonia 
inclusa, Prodenialitura, Ilusia chalcites, Longitarusstm
rellinius, Lamproseinaindiata, Agronmyza plhaseoli,Agro
myza dolirhostigina, Agromn':a sojac, and Stotnoptcryx 
subsecivella. The following insects cause damage to tle 
generative parts of soybeans: Etiella zinckCnella, 1'.in
clusa, Nezara viridula, and Riptortis linearis. At present 
P. inclusa, R. linearis, N. viridula, E. zin:nella, and 
A. phaseoli are considered to be of the greatest economic 
importance in the country. 

Diseases 

Prior to 1961 soybean diseases were not considered as 
important as soybean pests. The occurrence of rust dis
ease in Kuningan, West Java, during the 1961-62 wet 
season, however, taught us the significance of certain 
diseases. Rust disease, caused by Phakopsora pachyrhizi, 
may occur in regions with high relative hmidity and 
can destroy the entire crop. Other diseases, such as bac
terial wilt (Xanthtomonas solanaccarum). bacterial dis
eases on leaves (Xanthononasphascoliand Pseudoinonas 
gl*cinae), blight (Sclerotium rolfsii), anthracnose (Col-
Ietotrichum), and witches'-broom have also been oh
served. 

Table 2. Cropping Patterns of Soybeans in Rice Fields and Upland Areas in Indonesia 

Irrigation 
Land use during 

dry season 

Paddy rice ................ Yes 


Paddy rice................ No 


Rainfed paddy rice......... No 


Upland .................. No 


Sequence of 
crops before 
soybeans 


Paddy rice 

Paddy rice, other crop 
Paddy rice, dry rice 
Sugar cane 

Paddy rice 

Paddy rice 
Paddy rice, soybeans 
Multiple cropping 
dry rice or maize 

Times of Times of 
sowing soybean 

soybeans harvest 

Apr.-May Aug.-Sept. 
Jul.-Aug. Nov.-Dec. 
Aug.-Sept. Dec.-Jan. 
Aug.-Oct. Dec. 
Sept.-Aug. Jan. 

Sept.-Oct. Jan. 

Apr. Aug. 
Oct.-Nov. Feb.-Mar. 
.Jan. Mar.-Apr. 
Feb.-Mar. May-Jun. 
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Cultural Practices 
Most farmers practice the simple method of cultiva-

tion in their rice fields. In Indonesia it has been demon-
strated, however, that soybeans respond favorably to the 
use of improved cultural practices. Proper soil prepara-
tion, pest and disease control, weed control, and fertilizer 
application ensure excellent results, with yields twice as 
large as those obtained by the use of traditional methods, 
ft is apparent that the lack of application of more ad-
vanced practices should not be attributed solely to the 
v'ocational level of the farmers, which is generally good, 
but rather to economic factors that prevent farmers from 
utilizing advanced practices. 
Varieties 

The potential vield of the existing varieties is not as 
low as is usually presumned. With good cultural practices 
'ariety No. 29 (Table 3) may give a reasonable yield. 

The same is true for No. 27, Ringgit, and Sumbing 
(Tables 3, -1). The objection to these varieties is that 

Table 3. Inproved Soybean Varieties in Indonesia 

Variety Color(f seed 1,000-seedweight (gI Naturity(days) 

No. 16 .................... black 70 90-100 
N o. 27 .............. ..... black 
No. 29 .................... yellow
No. 317 (Ringgit) .......... yellow 
No. '152 (Sumnbing)......... yllow 
No. 521) (Nerapi) .......... black 
No. 945 (Shakti) ........... yellow
No. 12,111 .................. yellow 
TK-5 ..................... yellow()ri ................... yellow 

71) 
7) 
8) 
75 
70 

120-160 
120-160) 
120-160
120-160 

100-110 
100-110 
85-90 
80--15 
80-115 
10-85 
85-90 
85-9080-85 

_ _--ally 

Table 4. Local Soybean Varieties 

Variety Color Maturity. . . . .. . (ays) 

Genjah slawi .................. yellow 75 

Sidoro ....................... yellow 75
Law o ....... ................. y~ellow [1}5
 
Welirang ...................... yellow H0
 
l1andan ....................... yellow 90 

l'etek ......................... yellow 74
Davros ........................ yellow 85 

Prcsi ......................... ye llo w 85-90
 
Sinyonya ...................... yellow 90-95 

Krawe ........................ yellow 90-100 

Ijo .......................... yellow 90 

.lepun ........................ yellow 115-90 

Mentik ....................... black 81
Klungkung .................... yellow (mottled) 90 


the grain quality, especially of No. 29, is poor. These 
varieties also lodge heavily with high plant density. For 
these reasons efforts should be made to develop varieties 
that tolerate high plant density and respond to high soil 
fertility, 

CONSUMPTION AND UTILIZATION 
Soybeans and other pulses, such as peanuts, mung 

beans, and cowpeas, play an important role in supple
menting protein in the human diet. 

Per capita consumption of protein in Indonesia is 
considered to be below the necessary level. For this rea
son efforts are being made to boost the production of 
food legumes, and soybeans in particular, to increase 
the protein intake. Per capita consumption of soybeans 
in Indonesia reflects the distribution of the crop. In Java 
the per capita consumption each year is about 5.04 kg;
in Sumatra, Kalimantan, Sulawesi, and Maluku/Irian 
Jaya between 0.10 and 1.04 kg; and in Bali about 
3.43 kg. 

Soybeans are not consumed directly, but are processed
into a large number of products. Tempeh (fermented 
soybeans), tahu (soybean curd), tauge (soybean sprouts), 
kecap (soy sauce), tauco (fermented mixture), and 
oncom (residues of soymilk and tahu) are consumed 
as side dishes with rice. Roasted beans, tahu chips, and 
boiled seeds are eaten as snacks, and boiled young pods 
are prepared as a green vegetable. Soymilk is consumed 
as a beverage. 

Soybeans are also used for livestock feed, especiallyfor chickens, but only a small part of the soybeans pro

duced in Indonesia is used for this purpose. 

MARKETING 

Most of the soybean crop is marketed in Indonesia. 
Monthly price fluctuations occur not only at the farm
level, but also from market to market and from province 
to province. Marked fluctuations at the farmi level usu

occur during the harvest period. However, fluctua
tions also occur during other months from one area 
to another. 

Indonesia's annual soybean exports between 1968 and
1973 are presented in Table 5. Indonesian exportscount for .02 to .25 percent of the total world acsoybean 

export and between 0.2 and 6.7 percent of the national 
production. 

EXTENSION 

Training 

The Central Research Institute for Agriculture
(CRIA) conducted a one-month legume training ses
sion in 1974. The purpose was to introduce new prac
tices to extension officials, who in turn will teach farmers 
some methods of extending production and ways of in
tensifying soybean cultivation in order to increase soy
bean production. 

Method Used to Increase Soybean Production 
Expansion of hectarage. Expansion implies more than 

developing special production areas; it can also be 
achieved by intensified use of land. Multiple cropping 



techniques are very effective for this purpose. In other 
words, we should be able to incorporate soybeans into
existing cropping patterns or create new cropping pat-
terns for certain areas where soybean production should
be encouraged. 

Intensification. Intensification involves the following
steps in order to increase yields per unit area: (a) the 
use of superior seed from recommended varieties; (b)
the application of improved cultural techniques; (c) fer-
tilizer application; (d) control of pests, diseases, and
weeds; (e) improved irrigation; and (f) improved lar-
vesting and processing. 
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Varieties. The numerous varieties of soybeans are 
often grouped according to seed color (white or yellow,
and black), maturity, and kernel weight. White or yellow
varieties are cultivated much more frequently than black 
ones because of their popular use in rice dishes, as well 
as their use as refreshments or snacks. In many districts 
farmers prefer early varieties (75 to 85 days) to enable
them to incorporate soybeans into the cropping pattern.
The kernel weight of Indonesian soybean varieties is 
between 7 and 16 grains per 100 kernels. Tables 3 and 4
show the known local varieties and those recommended 
by research institutes. 

Table 5. 	Soybean Exports from Indonesia in Relation to World Exports and Total Produc
tion in Indonesia 

Soybean exports (metric tons) Total 	 IndonesianYear 

World total 

1968 ............................... 
 8,322,403 

1970 ................... 
............ 9,380,501

1971 ............................... 
 12,234,241
1.................................12,598,259 

1972................................ 
13,726,969

1973................................ 
14,600,886 


Source: FAO Statistical Yearbook, 1973. 

FromIndonesia 

8,316 


749 
:3,953 


732 

3,055 


36,000 


Indonesian production
production(metric tons) exported(%) 

419,932 2.0 

388,907 0.2 
497,883
515,644 
518,229 

0.8 
0.1 
0.6 

541,040 6.7 
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Soybean Production and Research in Iran 

M C Amirsbabi 

Soybean production in Iran has increased from 500 
hectares in 1967 to 5-1,000 hectares in 1975, when pro-
duction reached 64,800 metric tons. This represents an 
average yield of 1,304 kilograms per hectare. Production 
estimates for 1976 indicate that more than 75,000 hec-
tares are now under soybean cultivation, with an antici-
pated yield of 90,000 metric tons. Soybeans are grown 
primarily as an oil crop, although soybean cake, the 
by-product of oil extraction, is widely used as a rich 
source of protein for animal feed. 

Over 75 percenLof the soybean crop is cultivated in 
the northern littoral Plains of Iran in the Caspian Sea 
area, particularly in Mazandaran and Gorgan Provinces. 
The remaining 25 percent is grown in the central plateau 
and western )arts of the country. Irrigation is commionly 
used on the fertile, well-prepared soils. Yields of 3.0 to 
3.5 tons per hectare are not unusual. The cultivars most 
frequently useI arei Hill in the Caspian Sea area and 
Clark 63 in the other regions. 

The Ministry of .\grieulture and the agricultural col-
leges have focused their attention on soybean research. 
Selection of high yielding varieties is done by means of 
yield evaluation experimients. The Seed and Plant Insti-
tute (SI'[) and the agricultural colleges conduct experi-
nimets to determine planting dates, seeding rates, and 
wa(r and fertilizer needs of the clifferent varieties for 
various regions of tile coimitrv. 
The College of Agriculture, University of Tehran, is 

currently cooperating with INTSOY in carrying out soy-
bean evaluation experiments, one set of trials having 
been run at the Karaj College farm and three conducted 
by Sll at three other locations. At the Karaj College 
farm ISVEN trial Amnsoy 71, Corsoy, Beeson, and Wells 
yielded over 4 mietric tons per hectare, a significant in-

crease over yields from the other varieties used. Results 
of the ISVEX trial at Shahi Station showed that Calland 
and Clark 63 yielded more than the other varieties at 
that station. The trial at Dasht-Naz Station showed that 
Clark 63, Woodworth, and Williams were the top-yield
ing varieties, producing over 3.5 tons per hectare. In 
two local, uniform yield trials carried out by SPI, at ten 
stations and the other at four stations, the average best 
yields ranged from 3.2 kg per hectare at Moghan to 1.2 
kg per hectare at Darab. 

To determine the best row distance, SPI conducted 
a factorial trial at seven different stations, using four 
varieties planted at row spacings of 50 and 70 cm. The 
four varieties used were Clark, Hill, Lindarin, and 
Amusoy. Results of the experiment show that all four va
rieties produced the greatest yield at 50-cm row spacings 
at all seven stations. These varieties, planted on three to 
six different dates in six stations, produced the highest 
yield when planted at the earliest date. Planting took 
place from April 19 through July 6 at 15-day intervals. 

Diseases and pests are not as yet serious problems in 
soybean production, but as production expands, these 
problems will undoubtedly increase. The Plant Protec
tion Department of the College of Agriculture is cur
rently carring out experiments to determine the major 
diseases and pests of soybeans in Iran. 

Other problems of equal importance now tnder con
sideration include: (a) fertilizer requirements and water 
needs of soybean varieties for the different soils and 
climatic conditions in the various regions in Iran; (b) 
the kinds of herbicides and the best methods of appli
cation for controlling weeds, particularly in humid 
regions; and (c) mechanization of soybean cultivation 
and harvesting. 

M. C. Amlrshahl: Faculty of Agriculture, University of Tehran, Karol, Iran. 
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Soybean Production in Japan 

Takasbi Sanbuicbiau Iwao Watanabe 

Each year Japan produces approximately 120,000 metric 
tons of soybeans on 90,000 hectares. About 30 percent 
of this yield is raised on the northern island of Hokkaido, 
where large-scale farming is practiced. Especially in the 
northeastern part of Hokkaido, soybeans are a very imi-
portant crop, together with several other crops with 
which they are planted in rotation. Throughout the 
country the average soybean yield is about 1.4 metric 
tons per hectare, but during the past four years produc-
tion in the Tokachi )istrict of Hokkaido has risen to 
between 1.8 and 2.0 metric tons per hectare. The use 
of new varieties and cultural methods has contributed 
to the increase in yields. Most of the soybeans grown in 
this area are marketed, whereas those produced in other 
regions are consumed primarily by the farmers them-
selves, 

In Japan soybeans are used principally as a source of 
edible oil and protein foods, such as miso (bean paste), 
shoyu (soy sauce), tofu (soybean curd), and natto (fer-
niented soybeans), The soybeans produced in Japan 
usually havy large seeds, a high protein content, and 
are of a quality suitable for producing high quality soy 
products. 

Japan is a chain of islands that stretches for hundreds 
of miles from north to south. Because climatic conditions, 
such as temperature and daylength, vary widely, it is not 
surprising that a large number of soybean varieties are 
cultivated and that there are considerable diflerences in 
the cultural methods used from region to region. In 
general, early' varieties are cultivated in the high latitudes 
and late varieties in the low latitudes, but on the south-
ern island of Kyushu early varieties are occasionally used. 
Known as summer soybeans, they are sown in tle spring 
and harvested in the summer. Late varieties, which are 
called autumn soybeans, are sown in summe:" and har-
vested in the autumn. There are considerable dilrerences 
in thermosensitivity between summer and autumn va-
rieties. 

Table 1 shows die main characteristics of the major 

varieties currently cultivated in Japan. .s previously 
mentioned, most Japanese varieties produce large seeds, 
which does not cause an overall 'ieldl reduction as might 
be expZctedl. On the contrary, results show that large
seeded varieties produce high yields. 

Soybeans grown in the northern parts of jaalri u.u
ally have larger seeds than those raised in southern areas. 
It is believed that the marked difference Ietw(-en day 
and night temlperatur'es and the favorable soil moisture 
content during the early stages of plant growth account 
for the large size of soybean seeds grown in the north. 
The author observed a serious decrease in seed size when 
Japanese varieties were introduced into Tlailand, proh
ably because the day and iiight temiperatures differ little 
during the rain\y season, wheni much of the Thai crop 
is planted. 

Most Japanese varieties are of determiniate growth 
types. Indeterminate or semni-deterimiiate varieties origi
nating in or introduced from foreign countries usually 
show very pool pod setting and produce low yields under 
the cool weather conditions that sometimes cause severe 
damage to soybean crops in Ilokkaido. 

Soybeans are raised in several types of areas in j;paii.
Traditionally they have bet'l planted beside tlw foot
paths in paddy rice fields. hitercroppiig with wheat is 
another old cultural practice, altlough both prfactices 
are seldom used today. Because of the over-li-oductiou 
of rice in Japan, the government has recently recoin
mended that soybeans be cultivated in rice fields. 

The cultural methods described in the concluding sec
tion of this report are those used primarily on I lokkaido. 
Soybeans are sown at the end of May and harvested 
from the middle to the end of October. The width be
tween rows is usually 60 to 66 cm and 20 to 30 cm be
tween hills. Two or three plants are grown onieach hill. 
Fertilizer is commonly applied at the time of planting hy 
means of a machine mounted to a tractor. Farmers usu
ally use 10 to 30 kg of nitrogen, 100 to 150 kg of phos
pliate, and 50 to 80 kg of potash per hectare. Larger 

Takashi Sanhulchi: Tokachi Agricultural Experiment Station, Memuro, Kasai-gun, Hokkaido, Japan. 
lwao Watanabe: National Institute of Agricultural Science, Nishigahara, Kita-Ku, Tokyo, Japan. 



238 EXPANDING THE USE OF SOYBEANS 

quantities are not used because it is thought that too cultivation is used three or four times during the early 

much chemical nitrogen fertilizer will suppress the activ- and mddle stages of plant growth. Aphids, pod borers, 

ity of nodule bacteria in soybeans. Research shows that cyst neinatodes, Sclerotinia rot, and soybean dwarf virus 
of are typical insect and disease pests found in Hokkaido.the soybean yield does not increase as the supply 

nitrogen fertilizer increases, unlike other crops, such as Farmers 'inow encouraged to use chemical control 

wheat, sugar beets, and potatoes, that produce increased measures. varieties resistant to the soybean cyst nema

of nitrogen fertilizers. The use tode are being used successfully in infested areas.yields with higher levels 
of barnyard and green manures is highly recommended Most of the soybean crop :sharvested by the bean 

because they stabilize soil fertility by maintaining the harvester, a cutting machine mounted on a tractor. Com

activity of nodule bacteria, pared with hand harvesting, the harvester reaps about 

Weeds are controlled by means of herbicides and cul- five times faster. After being stacked and dried in the 

tivation. Herbicides are applied before emergence, and fields, soybeans are machine threshed. 

Table 1. Main Characteristics of Major Local Varieties Cultivated in Japan 

Growing Plant 100-seed Cultivation Remarks 

Variety period" height weight (g) area 
(days) (cm) 

1,40 50 32 Hokkaido Resistance to cystToyosuzu ........... 

nematode 

135 75 30 Hokkaido Stability under theKita-musume ....... 

cool weather 

Yuuzuru ........... 150 70 42 Hokkaido Very big size of seed 
70 25 Tolhoku Resistance to cystRaiden ............. 135 


nematode 
Tohoku Resistance to cystOku-shirome ........ 150 85 22 


nematode 
Enrei .............. 145 65 30 Tosan Hokuriku Stiff stalk 

Shirotac ............ 145 70 32 Tokai Kinki 
Akiyoshi ............ 95 55 28 Kyushu 

Growing period only for the cultivation area indicated. 
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The Status of Soybean Production
 
and Research in Korea
 

Hong Suk Lee,Keun Yong Park,Bong Jo CIng, 
Joong Su Park,andJohn M Yobe 

Good quality soybeans with large grain size have been 
cultivated for thousands of years in the middle and 
northern part of the east coast of Korea. Because soy-
beans have been grown primarily for subsistence, they 
have not been regarded as a cash crop by Korean farm
ers. Little progress was made in varietal improvement 
and the improvement of cultural practices until very 
recently. During the last ten years, however, there has 
heen remarkable progress in increasing soybean produc-
t;vity by the improvement of varieties and cultural prac-
tices. Soyben culivation in 1974 s 286,188.4 hec-Soybean cu o i 9able 
tares, thus making soybeans the third major crop of 
Korea in hectarage. Soybean hectarage is about 82 per-
cent of the total hectarage of pulse crops, such as red 
beans,mung beans, kidney beans,peas, and peanutst
beaseubei dne eas,bfKo pateasetween and .

The Republic of Korea is located between 330and 380 

north latitude. Average yearly temperatures range from 

9.9C at Chuncheon to 14.8'C: at Clieju. The hours of 
sunshine per year vary from 1,815.2 hours at Pusan to 
2,229.6 hours at Chuncheon. The total amount of rain-
fall per year ranges from the minimum of 1,103.3 mm inChuncheon to asoybeanChunheonto 17301 ~vanju.maxmumof mmin 
About 60 percent of the rain falls during the rainy season 
from late May to late July. The number of frost-free 
days also vaies from location to location, with a range 
of 171 to 266days. 

Soybean production has gradually increased from 
231,994 metric tons in 1970 up to 318,576 metric tons 
in 1974. Although total soybean production has in-
creased, it has not kept up with demand as indicated by 
the fact that imports have increased from 36,291 metric 
tons in 1970 up to 66,370 metric tons in 1974. As a re-
sult, there is now greater awareness of the need to 
increase production in order to alleviate these produc-
tion deficits. 
Home consumption is the major area for soybean use, 

about 122,000 metric tons being consumed in 197A. 
Soybeans are prepared by mix-boiling with rice or vege-

tables, or are eaten in the form of curd, sprouts, sauce, 
paste, milk, and flour. The govelnment uses soybeans 
primarily for military needs. Soybean oil is used for 
industrial purposes. 

MAJOR PROBLEMS RELATED TO INCREASED
 
SOYBEAN PRODUCTION
 

Even though Korea has made significant progres ill 
increasing crop productivity during the last 10 years, 
yields have remained well below potential levels. Avail

evidence indicates genetic potential for high yield 

in todays varieties. Iowever fut ther dedelo nist of 
cuhtivars and cuhtural practices is needed to raise the 

t e xperinlent and far levels.The following is a discussion of factors considered to be
major constraints on increased soylbea n pro~duction. Sonie 

dhta related to those ilncresess arc als indicated. 

Weather 
In Korea the average monthly temperature during the 

gonAil teiOctoer rng thegrowing season, April to October, ranges from100 to 26°C. In the high. imountainous legions the hum
her of days froms ri to 216frost-free oangtas days. 

Therefore, yield is restricted by low telliperatures and 
a limited number of frost-free days. )rought occurs 
frequently from early May to early or mid-j.ine aInd 
during mid-.\ugust. Fromi early _,May to early or mid-
June is the time of planting, while in iiiost cases the 
middle part of August is the time of flowering or pod 
set. On the other hand, from the middle part of June 
to late July rainfall is frequent, and generally excess soil 
moisture conditions prevail. 

Varietal Improvement 
As shown in Table 1, four of the 10 recommended va

rieties have been newly developed in Korea. Thus it will 
be quite possible to make greater contributions to in
creased production of soybeans through the breeding of 

Hong Suk Lee: College of Agriculture, Seoul National University, Suweon, Korea.
 
Keun Yang Park: Corps Experiment Station, Office of Rural Development, Suweon, Korea.
 
Bong Jo Chung and Joong Su Park: Institute of Agricultural Science, Office of Rural Development, Suweon, Korea.
 
John M. Yohe: Crop Improvement Research Center, Office of Rural Development, Suweon, Korea.
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Table 1. Recommended Soybean Varieties for Korea in 1975 

Year Location 
Variety released investigated 

Kwanggyo" .......................... 1969 Suweon 
Bongeui,............................. 
l"A ,n(ladu ............................ 

1970 
1971 

Chuncheon 
ChcJu 

Kanglim"............................. 
Yukoo/j3 . .... ....................... 

1974 
uncertain 

Kwangju 
Sosa 

Ilil. ................................ 
Donbuktai '........................... 
l-ainau' .............................. 
Keunikangdarip' ...................... 

1968 
1974 
1930 
1931 

Cheju 
Cheongju 
Jinju 
Chuncheon 

Bluscog.............................. 1948 Daiku 

Varieties bred in Korea. 
Varieties introduced from abroad. 
Local varieties. 

new cultivars. For this purpose we are maintaining 1,632 
different lines in the Glycine max collection and 414 dif-
ferent lines in the wild soybean, Glycine soja, collection, 
This germ plasm bank will be instrumental in solving 
varietal problems that are barriers to increased produc-
tion by providing: (a) high yielding cultivars widely 
adapted to different ecological conditions, (b) early-
maturing cultivars adapted to double-cropping systems, 
and (c) cultivars that are resistant to lodging, diseases, 
insects, and nematodes. 

Planting Time 
The optimum planting date for maximum soybean 

yield in Korea is in May. However, most soybeans are 
planted from mid-June to early July because of double-
cropping with barley or wheat. In Kangwon Province 
approxinately 53 to 63 percent of the soybeans are pro-
duced under full-season cultivatiorL2 while 58 percent 
intercropping between barley is the usual practice in 
Kyunggi Province. On the other hand, in the southern 
plains area, such as Cheonnam and Cheonbuk Provinces, 
most of the soybeans are cultivated after barley. 

Results of experiments in 1969 and 1970 showed a 
general decrease of yield by late planting (after May 
25). Planting as late as July 10 resulted in yield losses 
up to 50 percent in most locations. Therefore, it is also 
necessary to develop ,arieties that will produce maxi-
mumn yields under the ecological conditions and cropping 
patterns that prevail in Korea in order to achieve maxi-
mum production per unit area under multiple cropping 
systems. 

Table 2. Soybean Cropping Patterns 

Cropping system Regions 

Full-seasor, northern mountainous 
Intercropping with northern to central 

winter cyops plain 
After barley central and southern 

plain 

Seeding Flowering 1,000grain Mean grain yield 
time time weight (kg/ha)' 

mid-June 
mid;June 
late June 
latcJune 

July 28 
August 12 
August 8 
August 10 

18.4 
25.3 
24.2 
24.0 

1,997 (1968) 
1,631 (1969) 
2,210 (19683-70) 
2,374 (1973) 

June 25 August 10 16.1 1,296(1954-56) 

lateJune 
late June 
June 18 
May 15 
June 27 

August 8 
August 12 
August 4 
July 28 
August 13 

14.4 
21.0 
21.6 
37.8 
22.0 

2,730(1965-67) 
2,285 (1970-73) 
1,236 (1954-56) 
1,258(1954-56) 
1,251 (1954-56) 

Soil Fertility and pH 
Although soils conducive to high soybean productivity 

occur naturally in Korea, improved practices of fertiliza
tion and liming are necessary to modify the existing low 
fertility conditions in certain areas. The largest responses 
from fertilizers generally occur on the least fertile soils. 
Fertility levels of soils in the Korean uplands, where 
most of the soybeans are grown, are generally low. 

According to one of the tests by the Institute of Plant 
Environment (IPE) in 1970, adequate fertilization with 
40 kg N/ha, 56 kg P.O,/ha, and 44 kg K.2O/ha resulted 
in a yield increase of 55 percent. As a result of demon
stration trials reported in 1967, the Rural Guidance 
Bureau of the Office of Rural Development (ORD) 
found a 26 percent increase in yield with fertilizer ap
plication, and a 52 percent increase in yield with the 
addition of lime and fertilizer. According to the IPE 
survey of p-I distribution of upland soils in 1964-1966, 
36.3 percent of the upland soils were below a pI value 
of 5.4, and 70.1 percent were below a 1)11 of 5.9. Only 
15.8 percent of the soils were between a p1-I of 6.0 and 
6.5, and only 14.1 percent were above a pH of 6.5. 

Cultural Practices 
At the present time the information available for the 

type of management practices necessary to maximize 
yields in Korea is inadequate. The following is a discus
sion of factors pertaining to the management of soybean 
culture in Korea. 

Cropping systems. Typical cropping patterns are 
shown in Table 2, which indicates the importance of 

April May June July Aug. Sept. Oct. 
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soybeans in multiple cropping systems with wheat and carried out by IPE in September .197-1, the occurrence 
barley. Estimates indicate that over 75 percent of the of soybean mosaic virus averaged 29.5 percent for eight 
soybean crop in Korea is grown in multiple cropping pat- prov:nces aad was most severe in tile two nortlheiI prov
terns with barley and wheat. Soybean also compete with inces as compared with the central and southern areas. 
other food crops on upland soils for the limited amount Locally-adapted varieties resistant to soybean mosaic 
of hectarage available. These competing crops can also virus are in use, but the source or the genes for this 
be double-cropped after the winter cereal grains, i.e., resistance have not been identified. 
wheat or barley. Intercropping between barley rows and The bacterial diseases, bacterial blight and bacterial 
mix-cropping of soybeans with sorghum, corn, sweet pustule, are sometimes a serious problem. Of the fungal 
potatoes, sesame, and perilla are also common in Korea, diseases, root rot, purple seed stain, anthracnose, and
 
particularly in the central part. This is one of the im- downy mildew are the most important. B.J.Chung and
 
portant constraints on increased yield. colleagues recently reported that bea yellow mosaic
 

Planting patterns. It is necessary to maintain rela- virus and alfalfa mosaic virus werc detected serologically
 
tively high soybean populations for maximum yield in in crinkled soybean leaves. Soybean stunt virus was also
 
the case of planting after barley. Because the growing detected from inoculation tests on clover indicator
 
time is not long enough when soybeans are planted after plants. Most recently a disastrous soybean virus discase,
 
barley, yields are adversely affected. To maximize the with symptoms similar to bud blight, was found in the 
growing time, mechanization for rapid planting may leading soybean varieties. Ilo\ve\er, there appear to b1! 
become more critical as farm labor supplies diminish and some differences between this disease and bud blight, as 
farm labor becomes ince'e expensive. Furthermore, new demonstrated by differential host reactions. 
varieties of a different plant type may be required. To The Institute of Agricultural Science, and ORI) have 
date, the most appropriate row spacings, plant popula- screened the recommended Korean varieties for resis
tions, types of weed control, and varieties that respond tance to bacterial pustule, downy imildew, anthracuose, 
to different planting rates and row width have not been purple stain, and Fusariumn wilt (Table 3). 
identified for the different ecological and climatological 
regions in Korea. Table 3. Reactions of Recommended Korean Varieties to 

Seed treatment and inoculation. In new soybean pro- Soybean Diseases 
duction areas inoculation is a necessary first step in effi
cient, economical soybean management, but as yet there Soybean disease reactio1 
has been little or no research on inoculation in Korea. Varieties iac- Downv I'itipl. stilIteriaJ n.ile. thralc- stal 111 
The need for inoculation will become more critical as PUsthIe n tse wilt 
average yields increase. Seeds visibly weathered or of 
poor quality, as demonstrated by poor germination and Biseog ................. NIS MS R MS it 

Kwanggyu ............. S Ni NIR MS .
vigor in laboratory tests, may respond favorably to chem- Keungangdaerib ........ S NIR MiR XI S 
ical fungicides. At present, because there is no laboratory Hlill S IN... MR NI S................... 

where soybean seeds are routinely checked for gerinina- Bongeui ................ S Nt NIR IS I.
 
tion, seed purity, or other quality characteristics, there lanian ............... S N MR ,NIS NiS
 

Kanglimn ...............
is no control over seed quality. The Ministry of Agricul- longbuktai ............ SS NIS NIR NIS NIS 
ture and Fisheries is currently developing a nex,, certified Eunclaedul .............. NIS NI M NI MS 
seed program under the Office of Seed Production and : resistant (0C disease) 
Distribution. This program, funded by a World Bank NI: medium (5.1-10% disease) 
loan, will initiate greater quality control over seed pro- S: susceptible (more than 25.11,; disease) 
duction and varietal identification. The major cereal MR: moderately resistant (0.1-5'; disease) 

along with soybeans NIS: moderately susceptible (10.1 -25 r-disease) 

NIIS 

grains (rice, barley, and wheat), 
and white potatoes, will be covered by this program. 

The profuse foliage of soybeans attracts a large nuln,-
Soybean Pathology and Entomology ber of insects. l)amage due to insect feeding can begin 

Soybean pathology research has not been carried out with planting and can continue until harvest. Insects 
extensively in Korea. The soybean diseases reported here and mites cause injury to soybeans in ways that vary 
are as follows: (a) virus disease: soybean mosaic virus; with the particular feeding habits and ecological char
(b) bacterial diseases: bacterial blight and bacterial acteristics of each species. The major soybean insect pests 
pustule; and (c) fungal diseases: brown spot, Ascochyta that have been identified in Korea are as follows: (a) 
leaf spot, purple stain, frogeye spot, Sclerotium blight, Grapholitha leiguminiverella Matsuinura, soybean pod 
pod and stem blight, Fusarium wilt, anthracnose, brown borer; (b) Sylepta ruralis Scopoli, soybean webworm; 
leaf spot, basal stem rot, downy mildew, rust, Phyl- (c) Plusia erisonma D., (d) Aphis glycines Matsunmura; 
losticta leaf spot, and soybean scab. In Korea soybean and (e) PepilliaatrococerulcaBotes. During two years, 
mosaic and possibly other viruses are the major disease 1969 and 1970, there was an average of 7.2 percent soy
problem in soybeans today. According to the survey bean seed damage caused by the soybean pod borer, 
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while 28.8 percent of the total foliage damage was 
caused by the soybean webworm. 

More than 20 kinds of nematodes associated with soy-
beans have been identified, some of which are capable 
of inflicting heavy damage to the crop. Among the major 
nematodes attacking soybeans are the soybean cyst nema-
tode and the root knot nematode. The soybean cyst 
neniatode has been identified as a pest problem in Korea. 
Estimates indicate that losses due to nematodes can af-
fect as much as 10 percent or more of the total crop. 
Resistance to the cyst nematode has been found in a 
Korean-bred line called Suweon strain 41 and in three 
introduced varieties (Peking, P.I.84751, and P.I. 90"c3). 

AND FUTURE RESEARCH PROBLEMS 

To increase soybean yields at both the farm and the 
experimental levels, three major areas must be con-
sidered. First, varietal improvement is needed to pro-
dtuce high-yielding, general purpose varieties with the 
following characteristics: (a) medium or large seed size; 
(b) early maturity or photo-insensitivity so as to permit 
adaptation to double-cropping; (c) more desirable plant 
types adapted to high population densities and to mecha-
nization: (d) high protein content; (e) lodging resis-
tance; and (f) resistance to pathogens and pests, such 
as soybean viruses, bacterial and fungal pathogens, soy-
bean pod borers, soybean webworms, and cyst nematodes. 

In addition, researchers must also take into considera
tion genetics and breeding methods, collection and in
troduction of germ plasm, development of varieties for 
rice bund cultivation, and the need for varieties to be 
used as vegetables for sprouting or for mix-boiling with 
rice. 

Second, soybean crop management programs and the 
collection of physiological data must expand to permit 
improvement in the following: (a) cultural practices, 
including fertilizer use, s;eeding time and method, crop
ping patterns, and acid soils; (b) seed quality; (c) nu
trient efficiency and mineral nutrition of soybeans; (d) 
nodulation and nitrogen fixation; (e) weed control; 
(f) drying and storage; (g) mechanization; and (h) 
soil and water management, including soil-water prob
lems, irrigation, and erosion control. 

Third, soybean pest management programs must be 
developed to provide for the following: (a) identifica
tion and classification of soybean viruses, bacteria and 
fungi and major insect pests; (b) screening for sources 
of resistance to virus, bacterial, and fungal diseases, and 
insect damage; (c) development of sampling and screen
ing methods; (d) control of bacterial and fungal dis
eases; (e) studies on insect-virus relationships, seasonal 
fluctuation and life cycles of major insects, pest resistance 
mechanisms, and chemical control of major insects; and 
(f) surveys of economic losses from yield reductions 
caused by various pests and diseases. 
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Soybeans in Malaysia 

Abu Ka sim b. Abu Bakar 

Malaysia lies between the equator and 80 north latitude. 
East and West Malaysia are separated by the South 
China Sea. The average temperature is between 22' 
and 31'C throughout the year. Because little informa-
tion on soybeans is available from East Malaysia, this 
report is confined to W st Malaysia. 

Soybeans appear to have been introduced into penin- 
sular or West M,"laysia about 50 years ago. The crop. 
which has been grown among young rubber plants or 
as a sole crop in rotation with other annual crops, is 
planted primarily on small farms. Last year, however, 
there was a move by a few enterprising organizations to 
try large-scale, commercial plantings. 

Soybean products are consumed in various forms by 
both humans and livestock. The domestic demand 
greatly exceeds the local supply, which is therefore de-
pendent upon importation. The possibility of expanding 
domestic production has become increasingly evident 
and research is being intensified to meet this end. 

CURRENT STATUS 

Statistical surveys show that the total area planted to 

soybeans fluctuates from year to year. In 1958 there were 

about 40.4 hectares (in terms of sole crop equivalent) ; 

15 years later in 1973 the hectarage stood at 76. How-

ever, in 1974 as a result of government subsidies to small 

farmers, a substantial increase in production brought the 

total area to about 337.2 hectares. 
Although soybeans can be grown throughout the 

country, a large percentage of the crop is raised in the 
east coast states of Kelantan, Pahang, and Trengganu of 
peninsular Malaysia. Because soybeans are a rain-fed 
crop, rainfall patterns have been a guide to determining 
the planting season, and generally two crops are possible 
each year on most parts of the peninsula, 

Most of the research undertaken so far has been re-
lated to the selection of suitable and promising foreign 
varieties from the United States, SEARCA, and Taiwan. 
On the basis of research evaluations, workers have rec-
ommended several varieties and lines, viz., Hardee, Bos-

sier, Palmetto, Disoy, 66D-2, KS 437, 66)-14, 66D-20, 
64-64, Hua Lian 2, N-14-92, Calland, L-114, TK5, CES 
434, Clark 63, Bonus, and Improved Pelican. In experi
mental plots most of these varieties yield about 1,800 
kilograms l)er hectare. 

Very little work has been done on optimum plant 
spacing. However, a spacing of 60 x 10 cm has proved 
satisfactory for Palmetto, a tall variety, and 46 x 10 cm 
for 66D-14, a short variety. A spacing of 50 x 5 cm, 
which gives a density of about 400,000 plants per liec
tare, is also common. Fertilizer guidelines for soybeans 
intercropped with rubber differ somewhat for soybeans 
grown as a sole crop. For intercropping 560 kg of magne
sium limestone, 33 to 45 kg of nitrogen, 65 to 90 kg of 
phosphate, and 45 to 65 kg of potash per hectare are 
recommended, while for sole cropping I ton magnesium 
limestone, 34 kg N, 56 kg P...O., and 56 kg K..,O per 
hectare are recommended. The effectiveness of Rhizo
bium inoculation under Malaysian conditions is still 
uncertain, although there are indications that yields 
improve to some extent when there is nodulation. 

Insect pests, diseases, and weeds are among the majorsoybean production prolemns. Of the several insect pests 
that have been identified, bean flies, pod orers, and 

leaf eaters are very destructive. Rust has caused crop 

failures, and bacterial pustule is widespread. Virus dis
fases are a cterial tueat.
 

eases are also a potential threat. 

DOMESTIC MARKETSAND UTILIZATION 
Peninsular Malaysia imports whole soybeans, as well 

as the flour, oil, and cake of the soybean. Until 1973 about 
200,000 gallons of soy sauce were also imported, but in 
1974 about 15,000 gallons were exported. -lowever, the 
value of imports of soybeans and soybean products has 
increased from M$16.7 million in 1971 to M$28.6 iril
lion in 1974. Soybeans are used mainly to make bean 
milk, curd, sprouts, and other food products for human 
consumption. Soybean cake serves as a component of 
livestock feed, while soybean oil is used for industrial 
purposes.
 

Abu Kasslm b. Abu Bakar: Field Crops Branch, Malaysian Agricultural Research and Development Institute, Serdang, Selangor, Malaysia. 
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PROSPECTS FOR PRODUCTION 
It has been estimated that the local consumption of 

soybeans per capita per year averaged 5.3 kg for the 
years 1971 to 1973. Based on aissumptions of an annual 
population growth rate of 2.7 percent and a per capita
consumption of 5 kg, the demand projected for 1976 is 
6.5,000 metric tons, and for 1980, 71,000 tons. If this 
demnd is to be met entirely by domestic sources, assum-
ing a yield of 1,500 kg of soybeans per crop hectare and 
two crops per year, then the required soybean hectarage
will have to be approximately 20,000 hectares for 1976 
and 23,000 hectares by 1980. 

CONCLUSION 
Without doubt, domestic production of soybeans must 

be increased substantially and widespread cultivation 
proinoted. At present, however, various problems exist 
and intensive research to solve these problems is impera
tive. The multitude and seriousness of pests and diseases 
under the prevailing ..onditions have to be among the 
major considerations in the research program. An ac
celerated schedule for selecting and screening varieties 
from various. foreign sources is essential. The agronomic, 
breeding, and economic aspects of the crop need further, 
detailed studies in order to meet local conditions. 
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Soybean Production and Utilization in the Philippines 

Federico B. Ballon 

Soybeans are an important commodity in the Philip-
pines. In 1974 the country imported about 60,012 metric 
tons of soybean meal from the United States and other 
countries at a cost of over US$16 million. This quantity 
was still far below the estimated recuiremnent of 104,88-1 

metric tons. The total registered production in 1975 was 

only 6,552 metric tons, although the estimated need was 

115,152 tons. )omestic production constitutes only about 
5.68 	percent of the total requirement of the country. 

Production per unit area is quite low compared with 

that of other countries producing soybeans, which can 
be accounted for to a great extent by the reluctance of 
fanners to grow soybeans. Because soybeans are a cheap 

source of quality protein for human food and animal 
feed and because they are a source of raw material for 

local industries, scientists are being mobilized as fast as 
possible to develop the necessary varieties and technology 
so as to make soybean production a more viable industry. 

PRODUCTION 

Soybeans are a new crop among Filipino farmers, and 
therefore production has not as yet gained headway. As 
of 1)ecembtr 1975, the recorded area planted to soybeans 
was only 7,093 hectares, with a production of about 
6,522 metric tons, or an average of 923.72 kilograms per 
iectare. 

Varieties 
At present there are five Philippine Seedboard soybean 

varieties planted commercially in the country (Table I). 
These varieties were selected through the National Ad-
vance Yield Trials conducted in different regions of the 
country. Promising varieties or strains developed by the 
different institutions involved in varietal improvement 

research were grouped together and tested for yield 
performance and reaction to major diseases during two 

seasons in various regions. These varieties have a more 

or less wide range of adaptation to soil and climatic con-
ditions in this country. 

The Varietal Improvement Group is concentrating oii 

the development of varieties with greater yield potential, 
greater responsiveness to added ntitrients, good plant 

type. high protein content, a id imore resistance to iajor 
diseases, such as soybean rust (lWhakopsora pac/hyirizi) 
anud bacterial Ipst ole (aunthooa, phawoli va,. so

jcnsis). Varieties with iore seed vigor and with longer 
viability are also being researched by the group. 

With the organization of the National Sovlhean Work
izig (;roop it beciie national policy that i1o new Va
rieties should be releasel for coimiter-cial plantilg unless 

they are distinctly superior to the existing, recunlitieided 
Seedbouad varieties inl one or iore characters important 
to the crop and are at least satisfactory in other najor 

requirements. 
Inoculant 

The use of itocolait is very iiportant in soyle l pio
liiction in the Philiplines. I areas where the crop was 

lplanted for the lirst tiuie and iiioculant was itot used. 

in areas where inoci'latitproduction was lower thani 	 was 
used. .\ study at the Il niyersity of the IPhilippines College 
of Agriculu re, showed that tile use of the Riizolitiii 
bacterial strains Brasil 114. RI la, and Cli 1809 as seed 

iiiocttltits increased the yield from 305 to 1.012 kilo
grains per liectar'e. The peat carrier inoculant is the one 
most comnntomiy used i tihe Philippines because it is easy 
to handle and because survival of tile b,-cteriunli is better 

iil the seeds and in the package. The Bureau of Soils 
of the )epartment of Agriculture is responsible for the 
Iow-cost prodluctioin and distribution of inoctulatts to the 
farmers. 'rle Bureau of Plant Industry of the same de
partnent recently identified a very promising Rhizobiuni 
strain from Giant Ipil-ipil. 

Fertilizers 
Rates of fertilizer application differ for different sea

sons in the Philippines. F"or dry season planting, three 
bags of ammonium phosphate (2-i kg nitrogen and 30 kg 

phosphate) is recommended per hectare. If the seeds 
used are inoculated with Rhizobiumi, the use of fertilizer 
can be dispensed with in the wet season. Otherwise, two 

Federico B. Ballon: Vegetable and Legume Crops Section, Bureau of Plant Industry, Manila, Philippines. 
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Table 1. Recommended Seedboard Soybean Varieties in the Philippines 

Yield Seasonal Maturity (days) 
Variety (ton/ha) 	 adapt- Wet 

ability season 

CFS-434 ........ 1.5 	 October 110-115 


2.0 May-June,
Clark 63 ......... 


October,
 
February 80-90 


BilI 1-114 ....... 1.5 	 October 110-115 


TK-5 ........... 2.0 	 May-June,
 

October.
 
February 80-85 


UPLI Sy-2 ...... 2.0 	 May-june 86 

bags of ammnnium sulfate (21-0-0), 50 kilograms per 
bag, or one bag of urea (45-0-0) per hectare is suggested 
for application as a starter, 

Water Management 
Soybeans can be planted in any part of the Philippines, 

with the exception of some areas where the extremely 
heavy rainfall causes a high incidence of plant diseases 
and harvesting problenls. The crop is usually planted two 
times a year, tihe first during May and June, and the sec-
ondiduring October and November. February planting 
is also recommended for some varieties and regions of 
tle country. Generally, the dry season planting requires 
Sul)plenental irrigation, which is usually done three 
tiies. A water depth of -10 to 60 nun is recommended. 
The first irrigation is usually sulpplied after planting, and 
the other two during the flowering and pod-set stages. 

Harvesting and Storage 
larvesting methods depend on the size of the farm. 

In small-scale farting the crop is harvested and threshed 
manually. On larger plantations it is harvested manually
and threshed by a small machine thresher. On highly 
commercialized plantations the crop is harvested and 
threshed by combites. 

At present soybean storage is not a problet in tie 
Philippines because of the limited soybean production, 
I lowever, the most conmon and practical method being 
pra'cticed is piling the sacks. '[iTe ideal moisture content 
of dry soybean seeds for six nonths' storage is 12 to 13 
percent and about 10 to II per'ent for storage of more 
than a year. Air passage is provided between individual 
sacks and between rows. 

CROP PROTECTION 

Weed Control 
Weeds are one of the most destructive enemies of soy-

beans, because they serve as hosts to pests and diseases 

Dry Special characteristics
 
season
 

Very susceptible to bacterial pus
ttule, nonshattering 

95 Resistant to bacterial pustule, non
shattering, earliness, susceptible
 
to rust
 

Moderately resistant to rust, sus
ceptible to bacterial pustule 

95 Resistant to shattering and a strain
 
of rust, susceptible to bacterial
 
pustule
 

86 Resistant to bacterial pustule and a
 
strain of rust
 

and compete with the crop for light, nutrients, and other 
growth requirements. The two methods of controlling 
weeds in the Philippines are by mechanical means and 

by the application of herbicides. 

Diseases and Pests 
The most common diseases affecting s(,vbean crops in 

the Philippines are bacterial pustule and soybean rust. 
The most practical and the cheapest method of control 
being adapted in the country is the use, of resistant 
varieties. The Varietal Improvement Group and plant 
pathologists are working hand in band in the develop
ment of soybean varieties resistant to the different major 
diseases existing in the country. 

Bean fly (Ophiomyia (Mlanogromyza) phascoli 
Tryon), leaf miner (Stomopteryx subsecievella (Zeller) ). 
cutworm (Spodoptera litura (Fabricius) ), corn earworm 
(Heliothis armigera Hubner), bean pod borer (Maruca 
testulalis (Geyer)), and other pests cause damage to 
the crop. These are easily controlled by the different in
secticides available. 

MARKETING 

Because the soybean production industry is new in the 
Philippines, marketing problems have not yet reached 
major proportions. At present there is no organized mar
keting outlet for domestic soybeans. Marketing is, how
ever, a serious problem for scattered, small plantation 
owners who must sell their produce directly from the 
farm or to buyers at their place of business. In some 
instances, farmers are victimized by unscrupulous mid
diemen. The large-scale planters are at an advantage be
cause they usually deal directly with the processors. To 
protect the producers and encourage development of the 
infant industry, the President of the Republic of the 
P~hilippines issued a Letter of Instruction (No. 165), 
setting 2.20 Philippine pesos (US$0.26) per kilogram as 
the minimum price for soybean seeds. Through the Na



tional Grain Authority the government will buy all soy-
beans, regardless of quantity, that cannot be absorbed by 
private merchants. 

UTILIZATION 

In the Ihilippines about 20 percent of the soybean 
supply is used for human food and about 80 percent for 
animal feed. Prepared in a variety of ways, soybeans are 
used in the manufacture of soy sauce, vegemeat (vege-
table meat), soy flour and grits, soy protein concentrate, 
soymilk, and so forth. The'y are also consuned in the 
form of fermented products, such as tausi, tempeh, and 
pickling in miso. Rich in protein, soybeans are being 
introduced as a source of cheap protein for use in the 
daily diet of the Filipino people. 

EXTENSION 

Through the National Food and Agricultural Council 
(NFAC), a national coordinating agency, the govern-
ment has launched a bold, grain production program 
known locally as "Masaganang Maisan." The objective 
of the program is to produce an adequate grain supply for 
domestic consumption and possibly for export. Under 
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this program the government has assumed responsibility 
for making modern technology available to the farmers. 
Aside from the availability of production technology, 
farmers are assured of genetically pure seeds of the rec
ommended Seedboard varieties. To make sure that 
farmers receive pure seeds, the Bureau of Plant Industry 
of the Department of Agriculture has nine Seed 'esting 
Laboratories strategically located throughout the country 
and staffed by lersonnel trained both locally and abroad. 
Inspe tors check the lri\'ate seed growers to see that their 
seeds meet the field seed certification standard of tin 
government. Soybean productiotl technicians are trained 
locally in various phases of the programlbefore being 
given field assignments. 

There are three approaches to the iiplenentation of 
the program: (a) the traditional, small-scale fariti ap
proach that encourages compact production rather than 

planting in fragmented areas; (b) Comnercial/lInte
grated Farms Corporate Farming; and (c) the highly 
commercialized Joint Venture Project. liheralized 
credit, including financiing of ipost-liarvest facilities, is 
provided for in all three apl'oachies. As new varieties and 
innovations in production technology become available, 
farmers are inforned of them thr'ough production tech
nicians, radio, and other mneans of communication. 
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Soybean Research in the Kingdom of Saudi Arabia 

Mohamad Al-arfag. 

At present soybeans are not grown conunerciallv in the 

Kingdom of Saudi Arabia. Needless to say, successful 
local production of this crop would b. of great benefit 
for human nutrition in this country, where the standard 
of living and the production of animal products are 
rapidly improving. Consequently, in 1973 the Crop Pro- 
duction i)ivision. Agricultural Research and Develop-
nent )epartiient, -Ministry of Agriculture and Water 
in Saudi Arabia felt it necessary to start serious field 
experimentation on smbeans in various locations in the 
Kihgdoin. l'l]'orts wvre made to obtain soybean seeds 
front difflervient sources, including Egypt. Taiwan, and 
the Untited States. This report summarizes the results 
of field plot observations. variety trials, and agronomic 
VeX)erilncntS conUcted between 1973 and the present 
in order to explr'e the )ossibility of successfully growing 
this crop in Saudi Arabia. 

VARIETY TRIALS AND OBSERVATION NURSERIES 

OIneizali,'atif,1o lots and kinia tt wriant
7nei-ah, ifld f a neinin 1973 
71. Low yields, averaging well below 1,000 kg per 
hectare, were obtained at all sites. Reports from Uneizah 
indicated the presence of rust disease. At Qatif and 
Ilofuf very )oorIlant growth was obtained. Seeds of 
12 LU.S. varieties, obtined from lEgypt and Taiwan and 
planted at Ilakiia, ploduced the highest yields when 
planting was in 1)eceunber. Yields decreased and days 
to maturity increased if planting was delayed until Feb
ruiary or April. When planted in )ecember, plants 

reached maturity in about 60 days, but later sowing 
dhates were acCOmlpanied by longer growth periods and 
the absence of nitrogen fixation bacteria. Early sowing 
dates were associated with higher yields; hence, sowing 
in April seeiis COImnitcrproductive. Some damage due to 
aphids and termites was recorded. 

In 197-1-75 outr research program was expanded. 
Seeds were obtained from INTSOY (trials 032, 085, 
and 086) and also from 'aiwan, the United States 1)e-

MohamaL 41-artag: Division of Crop Produclion, Agricultural Research and 
Saudi Arabia. 

partnent of Agricuhure, and Lebanon. In the first
 

INTSOY trial planted at Hakma on 30 November 1974, 
Jupiter. Calland, and Clark 63 gave yields above 1,000 
kg per liectare. Clark 63 was tile top yielder with the 
highest number of pods per plant and highest seed 
\%eight. While Jupiter ranked second in grain yield, it 
was not significantly lower than Clark 63. 

INTSOY trial 085 was planted in May 1975 at Dirab. 
Jupiter was the highest yielding variety in this trial, fol
lowed by Ilaniptom 266A, Bossier, and Davis which also 
yielded over 1,000 kg of soybeans per hectare. 

The highest sovbean yields vet obtained in Saudi 
Arabia were from INTSOY trial 086, planted in Febru
ary 1975 at Uneizah. Jupiter and Calland gave yields of 
over 2.100 kg per liectare, while Bragg, Forrest, Hill and 
Clark 63 all yielded over 1,000 kg per hectare. Promising 
yields were also obtained in a trial at Elkharj, while 
yields obtained in 1974-75 at Hakma were again gen
erally very low. 

The first observation nursery for selection of soybean 
lines adapted to conditions in Saudi Arabia was plantedat Ilofuf in February 1975. Oyei 550 lines were planted, 
from which 37 were chosen for further testing. In addi
tion to these selections, further studies will be conducted 
with the varieties Jupiter, Bossier, Davis, Forrest, and 

pampton 226A, all of which yielded above 1,500 kg 
aer hectar'e in the 1975-76 INTSY trial 086 planted 
at Hofuf in August 1975. 

AGRONOMIC TRIALS 
Two agronomic trials were carried out in 1974-75. 

The trials conducted at Hakma (Gizan) included six 
varieties and four levels of phosphate. The other trial, 
conducted at 1)irab, included nine varieties and se'en 
sowing dates. 

Variety-Fertilizer Trial at Hakma (1974-75) 
The purpose of this experiment was to deternine the 

Olptimum dose of phosphate. The trial included six va-

Development Department, Ministry of Agriculture and Water, Ryedh, 



COUNTRY REPORTS 249 

rieties and four levels of P..O. (0, 120, 240, and 360 Table 1. Effect of Phosphate Fertilizer on Soybean Yields at 
kg/ha). A basal dressing of nitrogen, phosphorus, and Hakma 
potash (60, 100, 60 kg/ha, respectively) was applied at Soybeanyield__________atfour_ levels_ of 
planting; phosphate treatments were applied three weeks Variety phosphate (kg P20f/la) 
later. The experiment was in a split-plot design and was V hsa (kg 360 Mean 
replicated four times. Ridges were 50 cm apart and 0 120 240 360 Mean 
plants were 5 cm apart. Sowing was on 16 November Hampton 266A ....... 610 1,044 1,236 1,712 1,151
1974, and the crop was harvested on 3 February 1975. Lee ................. 625 1,164 1,356 1,636 1,195
Bragg ................ 656 1,164 1 ,084 1,424 1,082
 

Data on plant height, flowering, maturity, pods per Tracy............... 568 992 1,424 1,180 1,041
 
plant, and grain veld were recorded and analyzed. Sig- Hutton .............. 800 1,092 1,802 1,256 1,238
g Dare ................ 776i 1,324 1,244 1,704 1,262
 
nificant effects from phosphate fertilizer were observed 

in all the above ciaracters. As the level of fertilizer in- Mean...............673 1,130 1,358 1,485 1,162
LSD.05 variety 114 

creased, plant height, pods per plant, and yield increased, LSD.0 variety 179 
while days to flowering and maturity decreased for the LSD.os fertilizer 74 
majority of the varieties. Table 1 shows the average LSD.,, fertilizer 101 

grain yields. 

Varieties and Dates of Sowing Trial at Dirab in 1975 also. At Hofuf the soybeans showed a serious chlorosis 
The purpose of this experiment was to observe the that has not yet been diagnosed. Finally, termite damage 

growth and yield of nine soybean varieties sown at Dirab was serious at Hakma (Gizan). In general, no serious 
on different dates from 20 February to 15 May at two- disease or pest problems were reported by the officers 
week intervals. The general performance of these vari- in charge of soybean experiments in Saudi Arabia. Also, 
eties was rather poor with respect to plant height and reports from agronomists conducting these trials indi
grain yield. However, the best yields were associated cated that nitrogen-fixing bacteria were generally absent. 
with sowing in March. As expected, days to maturity Credit should be given to research workers, experi
increased as daylength increased, mental officers, and technical assistants who executed 

and reported the results of the soybean experiments pre-
PROBLEMS LIMITING SUCCESSFUL sented in this report. Without the cooperation of INT-
SOYBEAN PRODUCTION SOY, most of the experiments carried out in Saudi 

The major factors limiting soybean production vary Arabia would not have been possible. Special mention 
with the location at which trials were planted. At Qatif should also be given to the Chinese scientists who have 
the major limitations were high salinity and low water shown so much interest in the soybean trials in the 
table. Salinity was a major limiting factor at Elkharj Kingdom of Saudi Arabia. 
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Cultivation and Uses of Soybeans in Sri Lanka 

E Heratb 

Plantation agriculture, with crops of tea, rubber, coco-
nut, cocoa, and spices, forms the basis of Sri Lanka's 
economy. However, these crops, which are grown in 
the central highlands and in parts of the intermediate 
zones, comprise only a minor part of the total acreage 
of 16.2 million acres situated for the most part in the 
relatively underdeveloped dry zone. Rice, the traditional 
staple food, is grown under existing irrigation schemes 
during the Yala season (April to September), and also 
as a rain-fed crop in the Alaha season (October to Feb-
riary). These two seasons correspond to the bimodal 
rainfall pattern experienced throughout the island when 
the southwest and northwest monsoons are active. 

Apart from rice, which covers the largest acreage 
planted to a single crop, highland crops, such as corn,
sorghum, hill millet, and pulses, are grown under rain-
fed conditions in the Maha season. There is no tradi-
tional system of irrigated agriculture for these crops. The 
present emphasis of the Research and Extension Services 
of the )epartment of Agriculture is to develop and ex-
pand their cultivation in pilot projects under major and 
minor irrigation sclemies in the dry zone. 

Soybean is a relatively new crop, having been intro-
duced to farmers only in 1972. At present the acreage 
under soybens is negligible and is confined primarily 
to a few large, pivately-owned farms and to many small, 
scattered plots in the dry and intermediate zones. Pro-
duction areas should total nearly 8,000 acres for 1976. 
Minikits and production kits based on the system of pop-
ularising new varieties of rice have been tried with great 
success in the soybean extension programme. In addition, 
the Division of Extension l.opes to extend cultivation to 
rice fields in the dry zone, where irrigation water is insuf-
ficient for a second rice crop. 

CROPPING PATTERNS 

There is no tradition of growing pulses or any other 
highland crop under a system of settled agriculture as 
in the case of rice. Shifting agriculture was practised 
for maiiy centuries because new land was freely avail-
able. With increased demands for land and the introduc-

tion of farming systems, however, new concepts of crop 
husbandry have been developed. Where land is scarce, 
continuous cropping aided by irrigation is practised. 

Most irrigation schemes have areas where the second 
crop of rice suffers from insufficient water. The exten
sion division of the Department of Agriculture has 
planned a system to utilise the available water by en
couraging farmers to grow grain legumes. The total re
quirement of irrigation water for a soybean crop is 
approximately one-third that for a crop of short-aged 
rice (three-month variety). The net income from an 
irrigated soybean crop is almost double that from rice. 
It is therefore not too difficult to convince enterprising 
farmers to raise soybeans. The greatest potential for in
creasing the acreage of grain legumes in general, and 
soybeans in particular, lies in this land use. Much of the 
present extension strategy is directed towards popularisa
tion of rotating rice with one or two crops of grain 
hgunes. Of the 12 million acres comprising the dry zone, 
about 1.5 million acres use existing irrigation schemes. 
A resource potential of 3.5 million acres of highland is 
available for rain-fed agriculture. 

Intercropping soybeans with coconut, tea, andI rubber 
has been tried but with little success. Since experienced 
agricultural personnel handle the plantation industry, 
this area has potential. Research has to be carried out 
to identify problems peculiar to this kind of mixed crop
ping. Intercropping with cassava, sugar cane, and other 
crops that remain in the field for many months is cur
rently being studied. In the intermediate zone, rotating 
a three-year grass lea with soybeans has proved to be an 
excellent system of land use, giving consistently high 
yields of as much as 2,250 pounds per acre for the last 
three seasons. 

CULTIVATION PRACTICES 

The most significant contribution to soybean cultiva
tion recently has been the introduction of commercial 
inoculants. Until this breakthrough soybean yields and 
performance were erratic because only a single strain 
had been used in the past. With these inoculants all soy-

E. Herath: Department of Agriculture, Central Agricultural Research Institute, Peradenlya, Sri Lanka. 



bean varieties performed significantly better, giving con-
sistently high yields of up to 3,540 pounds per acre in 
research plots. 

Most farmers utilise the residual effects of fertilizers 
applied to the previous crop to grow soybeans. In limited 
investigations conducted by the Research Division of 
the Department of Agriculture it was found that a basal 

dose of 20, 60, and -t0kg per hectare y, strogen, phos-
phorous, and potassium, resplectively, was beneficial 
under most conditions. The application of organic ma-
nure wherever available produced a better soil/water 
balance, seedling emergence, and nodulation. Straw 
mulching has also given excellent results. 

HARVESTING AND STORAGE 

For the most part, harvesting and threshing have been 
lone manually, although there is a limited use of sta-

tionary threshers on the larger farms. If no rains inter-
fere with harvesting or threshing, good seed with about 

12 percent moisture can he obtained. In thle Aahia sea-
son, however, rain is not uncommon at harvest, and this 
can prove hazardous to large-scale farmers. At present 
seed is handled in the open market and very little stor-
age is necessary. because the produce reaches the con-
sumer in a short time. With increased production thesepecil atenton.cal 
problems will require special attention. 

probems illrequre 

VARIETAL IMPROVEMENT 

In the 1973 coordinated varietal trial, yields of 3,000 
to 4,000 kg per hectare were recorded from the Asian 
variety Pb-1 and from the American varieties Hardee, 
Lee, Bragg, and Improved Pelican. In the wet zone dur-
ing the southwest monsoon period, Ilardee, Davis, hn-
proved Pelican, Calland, Pickett 71, Hampton 266:\, 

Jupiter, and IIarosoy showed high yield responses.Pb-, 
Bossier, a new entry in the INTSOY trials, performed 
well in almost all locations, and Forrest also showed 

oise in the first season it was tested. 

Under wet-zone conditions during the AIaia season 

all 

all 	varieties matured earlier, probably because of their
photosensitivity. Normal Maa seasons are caracterise10 

by 	 short days and low light intensity at the time the 
monsoon is active. Higher nodule counts were also oh-actives Highertio werodlouced. 

served under irrigation than when soybeans were grown 

under rain-fed conditions. The following general ob-

servations are pertinent: 

mosoisld noul 

I. 	 Irrigated soybeans performed better in most parts of 

Sri Lanka. 
2. 	More studies must be done on planting dates, espe

cially when the crop is rain-fed. This is also important 
for varieties that are sensitive to light intensity, lati-
tudes, and light duration. 

3. 	 Higher soil pH appears to have better results. 
4. 	 Continuous cropping with soybeans tends to lower 

yields, which may be an allelopathic effect or may be 
caused, by the lowering of soil nutrient levels. 

5. 	 Southern U.S. varieties in the late maturity groups 
and some of the Asian varieties, such as Pb-i and 
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SJ-2, seem to adapt better to local conditions than 
early maturity groups. 

6. 	Bossier showed a wide range of adaptability under 
varying management levels. Very low variability in 
pod number, 100-seed weight, and yields was observed. 
Objectives of the plant introduction progranun in Sri 

Lanka include identifying high yieldin variies and 

building up a germ plasm collection that will aid breeders 
in evolving varieties for these latitudes. Close liaisons are 
being maintained with AVRDC, the breeders at Stone
ville, *Mississippi,and the University of Pantnagar. 

FERTILIZER AND PLANT NUTRITION STUDIES 

In Alaha 1974 it study oil )hosphate utilisation was 
undertaken by four stations. Results made it aplarent 
that high levels of phosphates are required to maintain 
high production. In February 1973 Sri Lanka contracted 
with the International Atomic Energy Agency to investilg 	 e ; o yesgte te e t erti li on eg
gate tihe effects of fertilizer's onl a grain legunie; soybeanls 

were selected for this study. Initial rescarch comparing 
methods of application of fertilizer P using tracer "121) 
revealed the following: 
I. 	Starter N with or without addition of fertilizer P in

creased grain 'ields, but the increase reached statisti
casigan added.y whe Pnwas addedsignificance only when P was 

2. Application of P midway between rows or banding 

near the seeds gave higher yields than surface broad
casting or deep placement below the seeds. 

3. 	Placement midway between rows gave the highest 
dry-matter yicld and also the highest P in grain de
rived from fertilizer. 
In a study of different levels of nitrcgen (10 and 20 

kg N/ha) with aid without inoculation using tlm'ee 
methods of aplication, the followi',g results were re

corded for the variety Brag : 

I. 	With inoculation. yields increased 7 crcent over til
inoculat n he reas,


soybeans. There was, however, no eflect 

of inoculation on other yield components. 
2h.The use of 20 kg N/ha produced higher yields than

1 	 N 
kg N/ha.Aain.there was no significant difference 

on other yield components. 
3.Application of N at planting produced the highestflowerin 


vield, whereas application at flowering produced 
these studies weresomewhat lower yields. Results of 

inconclusive, however, since split application could 
ow levels usd.not be properly carried out with the 

MICROBIOLOGICAL INVESTIGATIONS 

These studies found that there was poor nodulation at 
high levels of nitrogen application. Effective nodulation 
occurred when up to 20 pounds of inorganic nitrogen 
per acre were applied, while the response to inorganic 
nitrogen without inoculation occurred only after larger 
duantit:es (up to 40 pounds per acre) were applied. 
These responses are recorded for basal application 
studies only. 

Seeds treated with Malathion dust a3 an insecticide 
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and Ramrod as a preemergence herbicide were inocu-
lated with Rhizobiutri and planted. At recommended 
rates these chemicals had no leterimental effect on 
nodulation. On the contrary, the use of 0.25 percent 
captan dust increased seedling emergence. A mixed 
Rhlizobiuni culture applied at 10 locations gave signifi-
cantly higher nodulation counts than when a single 
strain was used. Nodulation number and weight were 
positively correlated with yield, 

CROP PHYSIOLOGY STUDIES 

In crop density studies with plant populations of 
500.000, 600.000, and 700,000 plants per hectare and 
using L e 68, Bragg. and Improved Pelican at two levels 
of nltrogen (20 and .10 kg/ha), Lee 68 recorded the 
highest 100-seed weight and bean yield. An increase in 
plant )opullation decreased pod and seed number per 
plant. 100-seed wv'ight. and yield. The lower populations
recorded higher yields, probably because of the increase 
in 10-s,(d weight. 

Weed control research has shown that the preemer-
gence weed killer Lasso gave effective control of most 
weeds and that yields obtained were as high as those 
from hand-weeded plots. Weed competition was critical 
only up to tih, thirtieth day, and hand weeding was not 
eflective once flowering ciroenced. Most indetenni-
nate varieties had the uni(ue capacity to withstand 
heavy weed competition by continuing to flower and 
pod if weeds competed for light, 

SEED STORAGE, QUALITY, VIABILITY, 
AND SEEDLiNG VIGOR 

A storage trial was conducted under three storage con-
(litons for 12 nionths. Seeds from 10 varieties were 
stored at 5°C, 25'C, and it room temperature. All va-
riCties V(TeIl)t Ilardee show'd germination counts above 
85 percent for tip to three months of storage. At 12 
months six varieties ulder all three storage conditions 
gave coutts below 75 percent. A studs' has also been 
initiated to determiine the cause of polor germination in 
sonie vari'ti's like IlTardee. Since there is considerable 
variability in plhysiolgical maturity aimong varieties, the 
optimllul stage of harvest for each variety needs to be
determined, 

UTILISATION RESEARCH 

Soybean milk and muilk products. Soybean milk was 
prepared in the laboratory using the traditional method,
the Cornell University method, and the University of 
Illinois iethod. Milk prepared by the University of Illi-
nois mnethod was judged superior to the other two. Soy-
milk alone and in a blended forti with cow's milk or 
buffalo milk was used to prepare a curd that conipared 
favourably in texture and flavour with good quality curd 
made froni buffalo milk. The curd was also processed 
into a palatable drink using seasonings to mask any beany 
flavour if present. The protein content of soymilk and 
soy, curd was similar to that of cow's milk and curd made 
from cow's milk, 

Soy flour. Soy flour was prepared in the laboratory by 
three methods: (a) the salt bed roaster method, which 
involves a quick, preliminary roasting using heated salt; 
(b) a slow roasting method; and (c) a parboiling treat
ment as an initial step in converting soybeans to flour. 
Flour prepared by the roasting method was found to be 
better in texture, colour, and shelf-life than flour made 
by first parboiling the beans. Up to 35 percent soy flour 
was combined with pure black gram flour to produce 
a good quality pappadum, which is higher in protein 
content and 'lower in cost than pappadum made with 
grain flour alone. 

Soybean dhal. Soybeans show promise of being a good 
substitute for Mysore dhal if cooking time can be re
duced. Preliminary experimentation has shown that a 
highly acceptable soy dhal can be prepared if the fol
lowing steps are taken. First, using a coarse grinder, 
break up clean. dry beans into desired size, then soak 
freshly prepared dhal for 4 hours. Parboil for 30 minutes 
in 0.05 percent baking soda, and finally, dry in a dehy
drating chamber at 50'C for approximately 12 hours. 
Dhal prepared in this way has a cooking time of 15 to 
30 minutes, whereas one to one and a half hours are 
needed if precooking is omitted. 

Cooking time and storage. Although there were no 
significant variations aniong 10 soybean varieties in the 
amount or rate of water absorption, it has been observed 
that older seeds require longer cooking. An investigation 
is being carried out to see whether there is a correlation 
between cooking tinie and water absorption with storage 
time. These studies will try to ascertain whether the 
physical condition of the seed coat or physiological con
ditions in the seed affect cooking time and water ab
so)ption. 

Additional research planned. Ways of shortening 
cooking time by the use of meat tenderizers, such as 
pepsin from papaya and bromnelic acid from pineapple
juice, will be explored. A weaning food is to be developed 
using precooked soy meal, precooked rice flour, and skim 
milk fortified with vitamins. The use of partly dehy
orated tropical fruits combined with soy flour in weaning 
foods will also be tested. An investigation will be carried 
out to detect the presence of trypsin inhibitors, if any,
in "Those" (a soybean-cereal mixture now being mar
keted), as well as in other foods for which recipes have 
been developed by the Farm Women's Extension Unit. 

EXTENSION 
The Farm Women's Agricultural Extension Pro

gramme, assisted by FAO Rome and financed by the 
Freedom from Hunger Campaign, Australia, is an inte
gral part of the total programme advanced by the Ex
tension Division of the Department of Agriculture. 
During the past two years islandwide programmes were 
begun to popularise coarse grains, yams, and pulses as 
substitute, and supplements for rice and wheat flour. 
Preparation of dishes from soybeans and ways to com
bine them with other foods for a more nutritious diet 
were emphasised. 
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Soybean Production in Thailand 
Amnuay Tonad, 

Soybeans, one of Thailand's most important crops, have 
been grown here traditionally, although there is no evi-
dence of when they were first introduced. After having 
been brought to this country, probably by migrating 
Chinese, soybeans became part of the Thai diet. They 
are processed into a variety of foods, including tou-iu 
tou-cheaw, and soy, sauce. Freshly cooked pods, called 
tou-rae, are prepared for inirnediate consumption. 

PRODUCTION AND PRODUCTION AREAS 

In the past not many soybeans were grown because 
there was no export market. At present, however, pro-
duction has been increasing as a result of the establish
mnent of oil extraction factories and the higher demand 
for soybeans on the foreign market (Table 1). Iooking 
at the data for soybean production during the past de-
cade, one can see that between 1972 and 1974 the area 
planted to soybeans doubled, while tie total )roduction 

more than tripled, from 72,000 iietric tow: to 252,100 
uletric tons (Table 2). 


Soybeans can be grown in every part of Thailand. Il 
the northern part of the central highlands the principal 
growing areas arc located primarily in Suklhothai, Pichit, 
anl Nakernsawan. I)uring the dry season Chiang Mai 
Province is also an important production areai. Most of 
the soybeans produced in Thailand today are rown o 
small-scale, labor intensive plots, using traditiozmd farm-

incmethods. 

CULTIVATION 


Soybeans are planted in both the dry season, from 
January through April, and in the rainy season, froln 

N I-V
May through July. hiitile dry season they are usually 
sown in rice fields after harvest. Farmers in the north 

practice this miethod in irrigated areas. Elsewhere in 
Thailand soybean production isexpanding into irrigated 
areas, such as those in the central region and also ill 
the Mekong Damn area to the northeast. Most of the 
areas engaged insoybean planting during tile rainy sea-

soil ,re to the north of tilli thecentral leg ion. Because 
majority of farmers rely on natural rainfall, planting 
can be started only at the begililing of the rainy seasol 
or just before thw end of this season, that is, hetween 
May and July. 

In (hi~ing Mai Provilc, which was named a sovbean 
plroductioii area inllThailamd's fiv'e-year lan1:1, iiost of 
thnose(i rnllers who rse irrigation start hlliiting il IOv
ceiber 11l Janluary and h1r'1vt-s in April anld a[y. li 
197-1. 124.3,0 rais ii tie dry season and 63,125 rais ill
the' rainy season were p~lanted to soybeanms. Th'le total 
produc'tionl irva. 187.-125 rats, p~rodutced 26.022 intvoic" 
tol tiof ireai.see .toins of soy)bean seedl. 

sVlei soelans arei lfwn inlice padies, dtelice 
stubbletas vhich beestn lft in thle field a fter Iirvest. 
is cut to ju7st above ground level. The straw is ton tied 
together and bnt ili tlie paddy. In this way tie ashes 
are used as both iiulch1 a1d f'rtilizer. Fiive in six seeds 
awe dibblecd into the soil at tlie base of the .',hluliltor 

betwee the rows. Altho,,.ngIh seldoii fit tiliused, er can 
e lpliecl after plailting, f'illowin. which the area is 

Table 1.Price of Soybeans in Bangkok (1971-1975) 

1
ti 'l- pr1Month -....- jices ( hait/i!tic tmir' 

1971 1972 t 7:7 197.1 1)75 
- ... ..... 
Jan............... 2,420 2,5111 -5,1 .5,2-0
14,230 00 
Feb,.............. 2,380 2,750u .1,770 -,it'10 ,"ll0
 
Mar..... ...... 2,1711 2,790 .,1:(! 5,37) l,87o 
.p........... 2 ,58o 7 5330 .1,570
2,78tt .1,7,i1 
MIy. ....... ....2,621 2,97o 4,8tt60 i1,8t20 ) .,15()

Juine ............. 2, 6I 3,220 fi,.l20 .1,9311 .5,419
 
.ly. ............ 2, 7.50 3,4160 7, .130 I, .50
 

g.. .... ..... 2 , 790 3 ' ,111 I;,o{ ]w ,12 11 . . 
Seg.............2,11 3,311 4. 5,82o 
Oct.............. 2,111111 2,97) .5,170 .1,1t0I1 .. 

Nov............. 2,7o1o 2,7; 1,7111 ) 5,120 ....
 
Dec .............. 2,420 :1 550 5,220 4,900 ....
 

Aeragc .......... 2,63) 3,020 5,3601 5,001 ....
 

"20 halit One U.S. doliar.
 
Figures not yet available.
 

Amnuay Tongdee: Mae-Jo Agricultural Experiment Station, Chiang Mai, Thailand. 
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Table 2. Area Planted to Soybeans and Total Soybean Pro- recommending its use to farmers in order to increase 
duction in Thailand production. Inoculation is rarely used except in experi-

Area Production mental fields. 
-car
Year (rais), (metric tons) 

DISEASE AND INSECT PESTS
1964 ........................... 213,000 31,300

1965 .......................... 117,000 19,100 Soybean rust is very severe, especially in the northern
 
1966 ........................... 285,000 37 900
 
1967 ........................... 399,000 r2,800 region during the rainy season. Root and stem diseases
 
1968 ........................... 329,000 44,,300 are considered of minor importance; consequently, very
 
1969 ........................... 299,000 48,200 little attention has been given this potential problem.

1970 ........................... 368,000 50,400 Disease-resistant varieties from breeding materials are
 
1971 ...................... .... 359,000 54,300
 
1972 ........................... 500,000 72,000 being selected and will soon be rele,-qed.
 
1973 ........................... 893,000 152,300 Insects are becoming a major problem in soybean

197,1 1,016,000 production. The bean fly is the most significant, espe........................... 252,400 

6.25 rais = I hectare. cially during the early stages of plant growth when it 

often kills the plant or causes severe damage. Of lesser 
importance are leaf rollers, leafhoppers, cutworms, army

flooded. Watering is done every seven to ten days, or as worms, and leaf miners. 
needed, until harvesting. The plants require little atten
tion throughout the growing period. UTILIZATION 

As indicated, the Thai people have been familiar withsoybeans for many genetations. A variety of traditional 

Two recommended varieties are commonly grown in foods are prepared from soybeans for daily consumption. 
Thailand, SJ-I during the rainy season and SJ-2 dur- Recently many oil extraction factories have been In
ing the dry season. Farmers customarily use no fertilizer stalled, resulting in an increased demand for raw ma
other than the burned rice straw; however, the 3-9-6 terials. An estimated 220,000 metric tons of soybeans 
formula is suitable and extension workers have begun are needed annually to meet this rising demand. 
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Solutions to Soybean Production Problems 
Through International Cooperation 

R. W. Howell 

I approach this assignment of presenting the concluding 
remarks with considerable humility. There are many 
people here at this conference who are wiser than I 
about the problems and opportunities in Asia, and so I 
cannot claim any special expertise. I hope you will judge 
my remarks as those of a person who has just been 
through a tremendous educational experience. 

This week has indeed been educational, no doubt, 
for all of us. The final symposiunl was a fitting climax, 
for it focused on the major objective of the conference, 
"Expanding the Use of Soybeans." We are really talk-
ing about expanding the nutrition, and therefore the 
welfare and happiness, of our fellow human beings. 

Dr. Riley's comnents on the results of their survey on 
the goals of farmers in Taiwvan reminded me of a story 
attributed to the president of the Eastman Kodak Con-
pany, although perhaps the story is apocryphal. In a 
staff meeting he asked, "What's the purpose of our 
company; what are we trying to make?" Some said 
film or cameras; others said chemicals-a whole range 
of products that particular corporation makes. He said, 
"You're all wrong. What we are trying to make is 
money." The farmer is also trying to make money. The 
point of the story is that we must not become so enrap-
tured with our own commodities or with our own par-
ticular responsibilities that we lose sight of that objective. 

This has been a truly international conference. 
Twenty-one countries, 16 of them in Asia or Oceania, 
are represented. The expertise of all the continents is 
also represented. Although we do not have delegates 
from South America or Africa, several people here have 
had extensive experience on both those continents, in 
addition to their experience in Asia, Australia, and North 
America. Over 230 people have attended, and there 
have been nore than 80 presentations. 

This conference, like similar conferences where col-
leagues get together, has given us the opportunity to 
renew friendships, a very warm experience for me. Even 
more important is the chance to make new friends. One 
of the real values of this kind of meeting is that we get 

to know one anothet as individuals, which makes it much 
easier to communicate and exchange ideas. 

We wish to express ou, gratitude to the program coin
mittee, to the local committee, and to the hotel for the 
excellent arrangements that have made our visit so 
pleasant. From the sign at the airport in Bangkok--
Soybean Conference, Check Over Ilere .--..and the ban
net and reception group at the airport in Chiang Mai, 
to a most notable evening in Old Chiang Mai at the 
cultural center, we have experienced nothing but gen
uine hospitality. And I am sure allof us have found 
that our personal wants as well as our professional needs 
were attended to promptly and pleasantly. 

Let me give von some of my impressions of the con
ference. It would be presumptuous of mine to unde-take 
a review of every paper, but my impression is that a 
vast arnount of talent and expertise is available to work 
on the problems for which soybeans may be a solution 
in this part of the world. The conferees are clearly well 
informed about the state of soybean technology. We 
have heard discussions of technology that is transferable 
from one country to another and discussions of situations 
where it is not. U.S. varieties, for example, have gen
erally done well in variety trials, although this may not 
be true in a few years when these tests include larger 
numbers of improved lines from Asian countries. At pres
ent, however, this particular bit of technology appears 
to have transfer value. Certainly the principles of ge
netics, of storage :ind handling, of pest control, as vell 
as some of the basic knowledge obtained in the prepara
tion of food products are transferable, at least as a basis 
for developing the final product. 

In other cases, available technology does not meet 
the requirements of conditions as we find them. We 
have no transferable countermeasures for certain pests 
and pestilences, such as soybean rust and the yellow
mosaic virus, which we have not had to combat in the 
Western Hemisphere. Our contribution with respect to 
control of those two problems is possible only because 
colleagues in the Eastern Hemisphere have previously 
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clone research in this area. Also, certain insect problems 
have been identified. We know, for example, that the 
whitefly is a vector of the yellow mosaic virus. But un-
droubtedly there are insect problems that have yet to 
be identified. 
The mechanics of planting, culture, harvesting, and 

processing all require imaginative, innovative solutions. 
As several speakers so eloquently pointed out during the 
extension panel this afternoon, conditions in this part 
of the world are considerably different. The situation 
of small farmers, smmall entrepreneurs, an abundant labor 
supply, a marketing system that still needs development 
has been impressed upon us throughout the week. But 
it is reassuring that important officials recognize the spe-
cial nature of these problems and are dedicated to de-
v'eloping solutions that will be applicable to these par-
tit-ular conditions. 

Earlier in the week Professor Anmara emphasized the 
problenms of the transfer of technology to people in small 
industries. This afternoon we heard a discussion of trans-
fvr to farmers. The conference began with Dr. Singh's 
report of his breeding program in India and a discussion 
of reasons why soybeans have not achieved the popularity 
hoped for. Ile pointed out that susceptibility to diseases 
and insects, and problems with seed quality are of major 
concern. )r. Rathod added price and marketing prob-
lemns to this list. 

The big problems are being attacked directly. People 
have not merely wrung their hands, but have recognized 
the difficulties and have undertaken research designed 
to work out solutions. Research with respect to soybean 
rust is encouraging. Plant breeding programs are in 
progress in India, Taiwan, and Indonesia to find sources 
of genetic resistance. The evidence that resistance will 
not be extremely complex is encouraging. Incidentally, 
I would endorse the call made by one of the speakers 
for a conference dealing with tile rust problem, which 
is of sufficient magnitude to deserve such attention, 

This group is certainly convinced of the potential of 
soybeans. At times we have all wondered who listens in 
both imy country and yours. But here we have seen and 
heard reassuring evidence that government is supportive 
of our efforts. The Sri Lanka programn, in which the Sri 
Lanka Government. UNDP-FAO, and INTSOY have 
joined together, will be significant because of the con-
centrated strength it can bring to bear on problems in 
a representative environment. Here in Thailand soybean 
research is undeiway with assistance from Japan and 
Australia, as well as from international agencies. 

An important survey of nutritional needs and protein 
status in Indonesia is planned. During the food science 
symposium Dr. Winarno enumerated three points of 
this program: first, educating people in the principles 
of nutrition and providing food for mothers and pre-
school children; second, establishing a food technozogy 
center: and third, directing a stud), of ways to transfer 
this information and technology to small industries, 

We are reasonably confident that the technical prob-

lems will be solved. Good breeding programs are under
way; advances are being made in pest control through 
exchange of information between workers. Problems are 
being identified and people in several countries are work
ing on solutions. 

But the problems get a little harder as we progress 
from storage, handling, and processing to food use and 
acceptability. In this stage, people problems are encoun
tered. There are no people problems in breeding new 
soybeans because soybeans do not have any preferences; 
they are perfectly willing to be bred however you wish 
to breed them. But a whole new dimension of more diffi
cult problems is encountered when attempts are made 
to involve people whose social and economic preferences 
must be considered. And yet - I slall speak my bias -
I think people will adopt new foods if they are available, 
if they are good, and if the price is right. .\n educational 
program is necessary, but the task is not insunnountable. 

The city of Chiang Mai offers interesting possibilities 
in this regard. The vast number of public eating estab
lishnients here is impressive. Vendors sell food not only 
in every establishment, but all along the curbs on many 
streets. Rather than prepare food at home, people in 
Chiang Mai eat out. This is the thing to do. In a sense, 
eating is institutionalized, and that offers opporturities 
for introducing new foods without having to reach all 
the homemakers in the city. 

Earl Kellogg's lecture on basic economics appealed 
to me because I have always had a rather simplistic ap
proach to economics and marketing. I think marketing 
means there must be a market: otherwise, why produce 
something. The market must provide a price that is 
profitable to the producer, the processor, and the re
tailer, and one that is attractive to the consumer as well. 
A good trade is one in which both parties think they got 
a bargain. If we can have a marketing system that will 
provide distribution at prices which insure an adequate 
reward for everyone in the production chain, and will 
also deliver a good product at a price the consumer 
considers reasonable, then there will be a market. So 
after all the economic jargon, that seems to me to be 
the essence of the problem. 

The challenge of extension, which was the climax of 
the conference, is where the real rewards come. The 
program planners should be complimented for including 
the symposium on extension. Dr. Yookti's observation is 
especially apt: "Research without extension is meaning
less; extension without research is empty." This calls for 
close work between research and extension people. As 
other speakers have pointed out, extension workers are 
the bridge between the researcher in his ivory tower and 
the clientele for whom we are all working. That bridge 
carries two-way traffic. Extension workers are more than 
mere conveyors of wisdom from the researchers to the 
farmers or small processors and homemakers. Extension 
workers can provide research workers with information 
about problems in the real world. In the laboratory, 
problems can be isolated, conditions defined, questions 
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stated to allow for precise answers. Appropriate equip- sentatives. Because they supplement our program, we 
ment can be designed, the work can proceed in an feel there is no conflict. 
orderly manner, and answers can be found. The real I want to say a little about learning from the farmers. 
world, however, is more complex, and the role of ex- Mr. Lockman told me it is important hat we respect the 
tension is to help scientists keep in touch with that world. farmers. I could not agree more. These farm leaders, 
I would encourage you to accept this as a true partner- leaders of the community, will not be sitting back wait
ship, one in which you both have something to give ing for us to tell them what to do. They will be trying 
and something to gain. things for themselves. There will be occasions when they 

In the same context, I would like to comment on a have tried something and have a good idea that you 
point touched on in the panel. There was a question as may want to adopt in your extension )rogram, something 
to whether extension work is being done by commercial that may ha~e a bearing on the direction of your re
companies rather than by government-supported exten- search. Do not be afraid to learn from the farmers. 
sion programs. I do not want to offend anyone, but I Finall): with regard to extension education, I am 
consider that a nonquestion. My concept, which I believe reminded of a slogan I learned in instructor training iin 
reflects the general view of the Illinois extension service, the army: "If the student has not learned, the teacher 
is that companies are one of the channels through which has not taught." The only measure of success is that the 
extension people can work. We know, for example, that students have learned, not how many meetings you had: 
fertilizer companies and seed companies have salesmen not how many people came; not how many handouts 
who work hard to get information across to the farmer. you distributed; but how well the students have learned. 
We work closely with those people to be suve tile), have I will leav, here inspired by the quality of the research 
the latest information, and that the information they talent in Asia and by the commitment for expanding the 
are giving the farmer is sound. A good company or a use of soybeans in Asia. From many years of experience 
good salesman is not interested in just one profitable I feel that our confidence in soybeans is not misplaced. 
sale. They want to sell this year, and next year, and the I am confident also that this conference will prove to 
year after that. For them to be able to do that, the be an event of great significance in improving the diets, 
farmer, that is, the customer, has to have confidence the health, and therefore the well-being of people on 
that what they sold him was good. This is why we work the most populous continent in the world. This experi
closely with the producers and sellers of pesticides, in- ence has been very educational and very pleasant for 
secticides, and herbicides, and with seed company repre- me, as I hope it has been for you. 



TITLES OF CONTRIBUTED PAPERS (inorder of presentation) 

Soybeans for Tropical Asia: Research and Problems 
J. S. Russell, I. A!. Wood, and D. F. Beech 
Commonwealth Scientific and Industrial Research Organization, Australia
 

An Integrated Approach to the Introduction and Development of Soybean
 
R.N'. Trikha and R. I.Nave 
Soya Production and Research Association, India
 

Farm Level Soybean Cultivation: Survey of 140 Farmers
 
K. R. Huang and M. R. Menegay 
AVRDC, Taiwan 

Soybean Pests in Indonesia and Their Control 
Dandi Sockarna 
Central Research Institute for Agriculture. Indonesia 

Rhizobiun Strain Selection for Soybeans and Environmental Effects 
Yenchai Vasuvat and Nanthakorn Boonkerd 
)epartment of Agriculture, Thailand 

Bionomics and Control of the Leaf Miner (Stomopteryx subsceivella Zell.) on Soybean
 
Pisit Sepswavdi, Turnjil Statyavirut, and Aphirat A runin
 
)epartment of Agriculture, Thailand 

(;enetic Susceptibility of Soybeans to Soybean Pod Borer (Graphalitha glycinivorella) in Korea 
S. K. Kim, J. Al. Yoh, K. V. Park,and '. I. lhwang 
Crop Improvement Research Center, South Korea 

Performance of Seventeen Introduced Soybean Varieties in Rezaiyeh, Iran 
]. Carapetianand A. Afozafar 
College of Agriculture and Animal Husbandry (Rezaiyeh'), Iran 

Microbiology of Soybean-Based Fermented Foods in Southeast Asia 
II. C. Choke arind K. C. Lek 
University of M"Ialaya, Malaysia 

Microbial Fermentation and Browning of Soy' Sauce 
V. Prakash 
University of Malaya. Malaysia 

Soybean Projects and Soybean Insects in Iran 
A. Parwin 
Plant Pests and Diseases Research Institute, Iran 

Occurrence of Soybean Bud Blight in Iran 

F. Eskandari 
University of Tehran, Iran 

Survival of Rhizobium japonicum Serogroups in Some Iraqi Soils 
S. Al. Damirgiand R. K. Al-Rashidi 
University of Baghdad, Iraq 

\Veeds and Chemical Weed Control in Soybeans in Iran 
11. Alirkarnali 
Plant Pests and Diseases Research Institute, Iran 

Defoliation Elffect on Soybean Yield Under Four Different Population Densities 
i. S. Lee 
Seoul National University, South Korea 

Selection of Tropical Rhizobium for Soybean Inoculation 
1V. J. Broughton and S. Padmanabhan 



ABBREVIATIONS AND UNITS OF MEASURE 
Av; av: average

bu: bushel; 1bashel of soybeans equal to 27.3 kg; 1 bu/acre = 67 kg/hectare
 
cc: cubic centimete,
 
cm: centimeter
 
cm 2 : square centimeter
 
CV: coefficient of variation
 
diM2 : square decimeter, or an area equal to 1/100th of a square meter
 
l)MB: dry matter basis
 
)MRT: Duncan's Multiple Range "'es
 

fl oz: fluid ounce, equal to 0.03 oter
 
FLSD: Fisher Least Significant lifference
 
ft-c: foot-candle, equal to 10.8 lux
 
g; gin: gram

ha: hectare, a unit of laud area measurement equal to 10,000 square meters
 
lir: hour
 
IU: international unit
 
kg: kilogram
 
kg/ha: kilogram per hectare
 
1b: pound, equal to -153.6 grams
 
LSD: Least Significant )ifference

lux: a unit of light intensity measurement equal to 
1 lumen pCr square meter, or 0.0929 foot-candle 
in: meter
 
In 2 

: square meter
 
mncg: microgrami
 
meq: milliequi'alent
 
mug: milligram
 
nl: milliliter
 
nun: millimueter
 
n: sample size 
no. : number 
NPU: net protein utilization 
NS: not significant 
O.M.: organic matter 
oz: ounce, equal to 28.-I grams 
p] [: negative logarithm of the hydrogen ion concentration 
!pl)1:parts per million 
quintal: a metric unit of weight equal to 100 kilograms
rai: a unit of land area measurement used in Thailand; 16 rais I hectare; I rai = 6 25m2 
Rs: rupees 
ton/acre: English short ton (2,000 pounds) per acre 
ton/ha: metric ton (1,000 kilograms) per hectare 
It : micron 
lig: microgram 
wt: weight 

X: mean value 


