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Meeting Objectives:

To assess the progress made since the 1983 Consultative Group Meeting.

To develop plans for future cooperation, including testing of genotypes of groundnut,

pigeonpea, and chickpea.

To identify cooperative links between ACIAR, ICRISAT, I R R I , and other organizations

concerned with legume research in the region, and propose projects for adoption and

funding.
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The Proceedings: Explanatory Note

During the meeting, many participants made helpful suggestions for collaborative activities

within the region. These were noted and are also recorded in the ful l texts of contributed papers

lodged with the Coordinator of the Asian Grain Legumes Network at ICRISAT Center. Agreed

priorities for action in collaborative work in the future have been outlined in the Recommenda-

tions. The latin binomials for the three principal grain legumes in these proceedings are as

follows. Groundnut: Archis hypogaea L. Chickpea: Cicer arietinum L. Pigeonpea: Cajanus 

cajan (L.) Mi l lsp.
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Recommendations

Preamble

These recommendations arise f rom plenary discussion of presented papers that des-

cribed national and regional progress in the research and development of groundnut,

chickpea, and pigeonpea, out l ined research needs, and proposed new emphases in the

coord inat ion of research wi th in South and Southeast Asia. They are based on the two

stated objectives of the meeting, namely

1. to assess progress in research since the 1983 Consultat ive Group Meeting for Asian

Grain Legumes; and

2. to develop plans for future cooperat ion.

An addit ional objective, included at the request of A D A B , was

3. to identify cooperative links between A C I A R , I C R I S A T , I R R I , and other organi-

zations concerned with legume research in the region, and propose projects for

adopt ion and fund ing.

The recommendations take the form of a general plan of action and a list of

specific activities to be undertaken under the guidance of the Coordinator of the Asian

Grain Legumes Network, appointed by I C R I S A T on 1 January 1986.

General Plan

Since 1972, I C R I S A T has carried out intensive plant breeding and related research

into the improvement of the legume crops chickpea and pigeonpea, and of groundnut

since 1976. It has built up a large collection of germplasm and breeding mater ia l , and

its staff have developed research expertise in these crops derived from studies in many

countries in the semi-arid t ropics. ICR ISAT wil l make this material and expertise

available to the Network in the best possible way, wi th in the constraints of its

resources. The expertise relating to these crops that ICR ISAT has to offer includes

breeding and cytogenetics, pathology, v i ro logy, entomology, physiology, microbiol -

ogy, farming systems, economics, food qual i ty, agrometeorology, and t ra in ing.

I C R I S A T wil l provide administrat ive support for the Coordinator at I C R I S A T ,

and travel funds so that the Coordinator and I C R I S A T scientists may visit countries

in the region to monitor research progress, act as consultants, make surveys, and

collect germplasm. I C R I S A T wil l also sponsor a l imited number of workshops or

other specialist meetings, and support t ra in ing at I C R I S A T of appropriate national

staff in the region.

Steps wi l l be taken to develop close work ing relationships with a research

work ing group in each country, in order to develop a plan of work for ICRISAT 's

involvement in national research on each of the three crops. Such plans wil l include the

ident i f icat ion of the role I C R I S A T can usefully play, including the arranging of visits

by scientists f rom I C R I S A T , assistance in planning t r ia ls , and the supply of approp-

riate germplasm and breeding mater ia l .
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The degree of I C R I S A T ' s par t ic ipat ion in nat iona l research on each crop wi l l

natural ly vary greatly among count r ies , depending on nat ional pr ior i t ies and research

pol ic ies, and on co l laborat ion w i th donors and in ternat ional agencies. The type of

research and the nature of I C R I S A T ' s involvement appropr iate to the three crops in

each country w i l l also be inf luenced by how wel l each crop is estab l ished, either as a 

t rad i t iona l crop w i th k n o w n marke t ing out le ts , or as a "new" non t rad i t iona l crop that

requires concurrent m a r k e t i n g , consump t i on , and crop improvement research.

A centra l feature of the p lan w i l l be to ensure direct personal contact between

I C R I S A T scientists and the concerned scientists in each count ry . These wi l l include

mon i to r ing tours for observing mater ia l g rowing in the f ie ld and assessing p roduc t ion

and research problems on the spot .

Specific Recommendat ions

1. Identi fy and uti l ize possible operat ional l inks between such organizat ions as I C R I -

S A T , A C I A R , I R R I , Peanut C R S P , and F A O , in order to integrate research efforts

and reduce dup l ica t ion as much as possible.

2. Cont inue to conduct surveys of g rowing crops to determine the importance of

disease incidence and insect pest a t tack, to ob ta in data on the basis of wh ich recom-

mendat ions can be made concerning the breeding of resistant cult ivars and/or the

implementat ion of cont ro l measures.

3. Make tours to collect and preserve germplasm before landraces become lost as a 

result of the in t roduc t ion of new cu l t ivars . Make arrangements to conserve the

collected mater ia l at I C R I S A T Center and in its country of o r i g i n .

4 . P lan mu l t i l oca t ion tr ials under col laborat ive guidance f rom I C R I S A T and

A C I A R to generate i n fo rmat ion about genotype and environment (g x e) in teract ions.

The result ing data w i l l be made available w i th in the r eg i on , and are expected to be of

part icular value to plant breeders.

5. Undertake socioeconomic research on non t rad i t i ona l crops w i th in selected coun-

t r ies , to determine their present and future marke t ing potent ia l and identi fy possible

ways of u t i l iz ing t h e m , e.g . , as new food products after appropr iate processing, as a 

vegetable, or as an imal f eed . Such research might involve the Resource Management

Program and the Biochemistry Unit i n I C R I S A T , A C I A R , T D R I , Peanut C R S P , and

nat ional agr icu l tura l research organizat ions.

6. Explore the possibi l i ty of developing jo in t special projects between nat ional pro-

grams and I C R I S A T , to consti tute the research needed to support the improvement of

the three legume crops. Such projects might involve research in laborator ies located

outside the reg ion .

7. Identi fy the t ra in ing needs of research personnel in the countries of the region and

select appropr iate people for t ra in ing in special courses at I C R I S A T . Such t ra in ing

might include ins t ruct ion in the use of equipment or in screening procedures, or it

might take the fo rm of par t i c ipa t ion in an in-service fel lowship course, or tak ing

advanced degrees in cooperat ing universi t ies.

8. Supplement the agrometeorological data on countries in the region that are already

2



available w i th in I C R I S A T , to identify agroecological zones in Asia based on I C R I -

SAT c r i te r ia , and thus to faci l i tate the transfer of plant mater ia l and improved

technology. This work w i l l include test ing the groundnut s imula t ion model "Peanut-

g row, " runn ing special t ra in ing courses in the use of agrometeorological models , and

support ing the mul t i locat ional trials and g x e analyses ment ioned in recommendat ion 4.
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Keynote Address

Research Needs for Groundnut, Chickpea, and Pigeonpea in

South and Southeast Asia

L . D . Swindale

D i r e c t o r G e n e r a l , I C R I S A T , 

P a t a n c h e r u , A n d h r a P r a d e s h 502 3 2 4 , I n d i a

In t roduct ion

I extend a cord ia l welcome to al l part ic ipants in this review and p lann ing meeting for

As ian Regional Research on Gra in Legumes.

Thanks are due to A C I A R for suggesting this meet ing to review progress in gra in

legume research that has taken place almost exactly 2 years since the Consul tat ive

Group Meet ing for Asian Regional Research on Gra in Legumes was held at I C R I S A T

to discuss the future d i rect ion of grain legume research in A s i a , in con junc t ion w i th

IRRI ' s Rice Fa rm ing Systems P r o g r a m . Thanks are especially due to A D A B for

asking A C I A R to organize this meet ing and for p rov id ing the necessary funds .

A C I A R or ig inal ly inv i ted I C R I S A T and I R R I to cosponsor this present meet ing

to examine the progress of research on groundnuts and pigeonpeas in T h a i l a n d ,

Indones ia , and India bu t , since t h e n , they have generously expanded the meeting to

include ch ickpea, wh ich is not a crop in wh ich they are direct ly in teres ted, and to

include countries where they presently have no contacts. As part of this review,

A C I A R staff were anxious to have an in -depth discussion on methods of ident i fy ing

and in terpret ing genotype x env i ronmenta l interact ions in gra in legume t r ia ls . This has

also been prov ided for in the p r o g r a m .

W i t h these suggestions in m i n d , we have brought together scientists f rom Bangla-

desh , I n d i a , Indones ia , N e p a l , Pak i s tan , the Ph i l ipp ines , and Tha i land ( invi tat ions

hav ing also been sent to the People's Republ ic of C h i n a , B u r m a , and Sr i L a n k a ) . This

p rog ram wi l l al low you as part of this group to discuss the p roduc t ion and research

being conducted on g roundnu t , ch ickpea, and pigeonpea in your count ry . We also

have several workers f r om the A C I A R in Aus t ra l i a , f rom I R R I , and f rom other

regional agencies such as I D R C , O D A , F A O , and E S C A P / C G P R T to take part in

this meet ing .

In this mee t ing , staff f rom I C R I S A T , A C I A R , and I R R I w i l l review research that

has been done on g r o u n d n u t , ch ickpea , and pigeonpea in the region in l ight of the

recommendat ions made at the meet ing 2 years ago , and wi l l describe the present

s i t ua t i on . The scientists f r om each country w i l l then describe the work being done on

these three crops in their count ry . You wi l l then be inv i ted to develop a future p lan of

work to coord inate the activit ies of the regional agencies and organizat ions, such as

A C I A R , I C R I S A T , I R R I , and Peanut C R S P , and integrate them w i th the research

activit ies on g roundnu t , ch ickpea, and pigeonpea being conducted in your country

and in other countr ies of the reg ion .
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Grain Legumes in the Region

In my address in Bangkok on the occasion of the 40 th Anniversary of FAO, I said that

I believed that of all the FAO regions in the developing wor ld , Asia and the Pacific

region has gone the farthest in achieving Lester B. Pearson's vision of the FAO as "the

first [international agency] which sets out with so bold an aim as that of helping

nations to achieve freedom from want. Never before have the nations got together for

such a purpose". It is my hope that this present meeting will carry forward the great

tradition set by FAO in this region—for the action of the FAO in Asia and the Pacific

region justifies the high hopes of the enlightened people who created the FAO of the

United Nations in the dark days after World War I I .

I also said that, although the overall success story in food-grain production in this

region is plain for all to see, there is no room for complacency, for there still are areas

of real concern. Indeed, greater efforts are needed, far in excess of what has been done

so far—if poverty and malnutrit ion are to be banished from Asia. Population

increases are still too large in the region, and standards of income are rising, creating

increasing demands for higher-quality food.

In Asia and the Pacific region, production of cereals and grain legumes over the

past 10 years has grown at the compound rate of about 3.9%, compared with 1.8% for

the rest of the wor ld , so that this region now produces 4 1 % of these crops. More than

87% of the increases in this production comes from increases in productivity, as is

appropriate for a region where little suitable unused arable land is now available.

Population increase in the region of 1.9% is still too great, however, for in Asia a 

1.5% annual population increase adds over 30 mill ion people per annum to the world's

populat ion. As population growth is generally greater in rural areas, it puts even more

pressure upon the land and steadily reduces the size of agricultural holdings that are

already less than 0.27 ha per person.

Cereals are the major source of food in Asia. Although pulses and groundnut

production is only about 5% of the total cereal production, they too are very important

because they provide an important supplementary source of protein to vast numbers

of the region's population.

The fact that the growth in production of food grains and groundnuts has

exceeded the regional population growth of 1.9% per annum is particularly note-

worthy (Table 1). On the other hand the growth rate of pulses production at only 0.9%

over the past 10 years has not kept pace with population growth. The fact that the

growth rate of pulses production in the region for the years 1981-84 was 3.4% per

annum gives some hope that this poor performance for pulses may be improving.

The potential for increased production of pulses clearly does exist. The problems

lie in inadequate government attention to this category of crop, partly because pulses

are grown largely under rainfed conditions.

The growth rate in groundnut production at around 4% per year looks promising,

even though most of this crop is also grown under rainfed conditions. This indicates

that, if enough interest and attention can be given to a crop, then its production and

yield can be improved, even under rainfed conditions.
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Table 1. Product ion, productivity and their average per annum growth rates for cereals,

pulses, and groundnuts in 21 developing countries of Asia compared with the rest of the world

(FAO, RAPA Monograph 1984/5).

Cereals
Asia1

Rest of the world

Pulses

Asia

Rest of the world

Groundnut

Asia

Rest of the world

Tonnes

713550

1042492

21698

25456

13703

6806

Production

% Annual

growth rate

1974-84

4.0

1.8

0.9

0.9

4.0

-2.7

1981-84

6.5

-0.7

3.4

4.1

3.9

-5.3

kg ha - 1

(1984)

2564

2421

672

730

1215

971

Yield

% Annual

growth rate

1974-84

3.7

1.8

1.1

-0.2

2.9

-0.8

1981-84

5.4

0.9

2.8

1.4

3.9

-2.9

1. Countries: Bangladesh, Bhutan, Burma, People's Republic of China, Kampuchea, Korea, India,

Indonesia, Laos, Malaysia, Maldives, Mongolia, Nepal, Pakistan, Papua New Guinea, the Philippines, Sri

Lanka, Thailand, Tonga, Vanuatu, and Vietnam.

Product ion Systems

A recent pub l ica t ion by I R R I has proposed eight main agroecological zones in As ia .

For the purposes of grain legumes and g roundnu t , we are interested in three of these:

i r r igated wetlands wi th one rice c rop , rainfed wet lands, and rainfed drylands (Table 2) .

Table 2. Estimates of crop yields (kg ha-1) in three agroecological zones of South and

Southeastern Asia.

Crop

Rice

Maize

Wheat

Sorghum

Sweet potato

Pulses

Groundnut

Irrigated wetlands:

one rice crop

3000

2000

1200

1. Data from IRRI , 1981. 2. Data from CIMMYT, 1980.

Rainfed
wetlands1

1800

1500

1500

-

-

700

800

Rainfed
drylands2

1000

1300

1000

700

2000

600

700

In the irrigated wetlands, rice is the pr inc ipa l crop as is to be expected. A l though

more than one crop of rice may be t a k e n , it also can be fo l lowed by other crops such as

cereals, pulses, and groundnut . Yie ld of groundnut in this system average over 1 t ha - 1 .

7



In the rainfed wetlands, rice is again the predominant c r o p . Bu t , more frequent ly

than in i r r igated lands, rice w i l l be fo l lowed by other cereals, pulses, or g roundnu t .

Where the second crop is not i r r i ga ted , 0.5-1.0 t h a - 1 of pulses or groundnut may be

ob ta ined .

In contrast , in the rainfed drylands many crop combinat ions are used . Some are

based on rice as the first c r o p , and others on ma ize , s o r g h u m , or wheat . Rice may be

fo l l owed by ma ize , or wheat by pulses or by g roundnu t . The dry land cereals may be

fo l lowed by r i ce , sweet potatoes, or g roundnu t . Where pulses are taken after the

cereals, yields of 0.25-1.0 t h a - 1 are obtained a n d , where groundnut is t a k e n , yields of

0.5-1.0 t h a - 1 are c o m m o n . The best benefit-cost ratios are generally obta ined w i th

those c ropp ing systems that include g roundnu t , as is the case in the ra infed wet lands.

Improvements in efficiency and product iv i ty are required in al l the agroecological

zones to keep food p roduc t ion ahead of the inexorable march of p o p u l a t i o n , w i th

sufficient excess to prov ide for an improved standard of l i v i n g , par t icu lar ly for the

poorest people.

Increasing the area and efficiency in the use of i r r i ga ted , wel l - fer t i l ized land is

needed to increase food p r o d u c t i o n . But even opt imist ic project ions suggest tha t , by

the year 2000, only about 7 0 % of food needs for the region can be met by these means.

And i t is wo r th not ing that F A O statistics show that , in the 10-year per iod 1972-82, the

percentage of arable and permanent c rop land i r r igated in the developing countries of

the region increased by only 4 % . The project ions would increase this percentage by

more than 1% per year for the next 18 years. And costs of i r r igat ing land and the

l ike l ihood of serious damage to the environment wi l l both increase substant ia l ly .

Rainfed Agriculture

Greater efforts are clearly needed to improve ra infed agr icu l tu re . The potent ia l to do

so exis ts , land development costs per hectare wi l l be only about 1 0 % of the costs of

i r r i g a t i o n , and the main beneficiaries w i l l be the poorest people of the reg ion .

Rainfed fa rm ing regions and crops have t radi t ional ly received a low pr ior i ty in

resource al locat ions for development and research. A tu rn ing po in t , however, came in

the early 1970s. A la rmed by widening regional inequit ies and impressed by technolog-

ical breakthroughs achieved in crops of the wel l -endowed areas that were suppor ted

by sustained agr icu l tura l research, pol icymakers at bo th nat iona l and in ternat iona l

levels decided to al locate more resources to these regions. The establishment of

I C R I S A T was just one of the responses of that t ime .

In I nd i a , the area of pulses and oilseeds cul t ivated under ra infed condi t ions is

greater than 8 0 % of the to ta l area under these crops. Wide f luctuat ions in p roduc t ion

occur in these areas year after year, and adversely affect the to ta l p r o d u c t i o n , thereby

erod ing the benefits accruing f rom increased p roduc t ion f rom i r r igated areas. The

need to amel iorate the problems of the dry lands led to a larger and more concentrated

research ef for t . Inc luded in these efforts have been methods of increasing the produc-

t ion of pulses and g roundnu t .
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In Ind ia, cropping intensities are generally around 100%, but, on at least half the

land , the monsoon rains are sufficient to allow two crops to be taken. Even where

i r r igat ion is avai lable, however, cropping intensities do not exceed 120%, and nearly

18 mi l l ion ha—or 24% of the net sown area of semi-arid India—is fa l lowed dur ing the

rainy season.

Mul t ip le c ropp ing—growing two or more crops simultaneously—is a common

feature in the Asian region. It is most common among small farmers and where

farmers have litt le access to i r r i ga t ion . It is less risky than growing sole crops.

Common combinat ions are cash crops with food crops, drought-resistant wi th

drought-susceptible crops, and cereals wi th grain legumes.

IRRI

The Internat ional Rice Research Insti tute formulated its Asian cropping systems

network in 1974. An on-farm network approach has been uti l ized f rom the beginning.

Dr Carangal wi l l be describing this network later in this meeting.

ACIAR

The Austra l ian Centre for In ternat ional Agr icu l tu ra l Research was established in

June 1982, to fund col laborat ive research between Austra l ian scientists and those in

developing countr ies. One of the first programs they established was concerned with

grain legumes. At the time of our last meeting this program included the projects Plant

Viral Iden t i f i ca t ion , Development of Legumes for Farming Systems in Northeast

Tha i l and , and the ACIAR/U n ive rs i t y of Queensland Pigeonpea Project. Since then,

several more projects have been added. We wil l learn about some of these in the course

of this meeting.

Dur ing the past 2 years, the Pigeonpea Improvement Program at I C R I S A T has

cont inued to maintain its close contacts wi th the University of Queensland Pigeonpea

Project, sending one of its breeders to Austra l ia for 6 months and taking part in the

moni tor ing tours and planning meetings for pigeonpea in Thai land and Indonesia.

ICRISAT

Al though I C R I S A T has not been able over the past 2 years to put the concentrated

effort into extending grain legume research in the region that was expected at the time

of the last meet ing, there have been some signif icant contr ibut ions.

Groundnut. For example, besides the usual f i l l ing of requests for germplasm and

breeding mater ia l , the Groundnut Improvement Program has made important con-

t r ibut ions towards understanding the disease s i tuat ion on groundnut in the region.

These contr ibut ions included a viral-disease survey in conjunct ion with Peanut CRSP

in Tha i l and , the Phi l ippines, Indonesia, and Papua New Guinea, and a disease and

pest survey on groundnut in Thai land and the Phi l ipp ines; the entering on the

computer of virus data and in fo rmat ion about the serum banks; and the attendance of
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one of our scientists at the Bacter ia l Wi l t Mee t ing in the Ph i l i pp ines , sponsored by

A C I A R . This p rog ram has also conducted a specialist t ra in ing course at I C R I S A T in

coopera t ion w i t h Peanut C R S P , and has cooperated w i th A C I A R in the reg ion .

Pak is tan has recently shown great interest in some of the ear ly -matur i t y g roundnu t

lines suppl ied by I C R I S A T because they appear to be h ighly adapted in their low-

ra in fa l l areas. They have asked I C R I S A T to carry out a special seed mu l t i p l i ca t i on of

these lines so that they can be tested by farmers , next season.

Chickpea. In ch ickpea the major c o n t r i b u t i o n since the last meet ing has been the

start in Pak is tan of the p rog ram on breeding for aschochyta-bl ight resistance f inanced

by the As ian Deve lopment Bank ( A D B ) . I C R I S A T has stat ioned Dr M.S. Rahman in

Is lamabad to be responsible for this pro ject . He has already planted his second c rop .

D u r i n g this t ime same per iod our entomologists have toured most of the impor tan t

ch ickpea areas of South Asia and ident i f ied Heliothis armigera as the most impor tan t

pest on ch ickpea. D u r i n g the last 2 years, chickpea scientists have also mon i to red

chickpea tr ials in Bangladesh, B u r m a , Indones ia , Ma lays ia , N e p a l , Pak is tan and

Tha i land and held useful discussions w i th chickpea scientists in those countr ies.

Pigeonpea. The last 2 years have seen a con t i nua t i on of the shift in emphasis t oward

breeding ea r l y -ma tu r i ng , large-seeded, disease- and insect-resistant, pho tope r i od -

insensit ive pigeonpea l ines. This has been associated w i th develop ing ways of g row ing

these types to give higher, and more stable y ie lds. This work has generated widespread

interest among Ind ian farmers and in other countr ies of the region that has resulted in

a g row ing demand for seed of ear l y -matur ing determinate pigeonpeas. In many tr ials

th roughou t As ia , ea r l y -matu r ing lines f r o m I C R I S A T have yielded over 3 t h a 1 .

D u r i n g the past 2 years, pigeonpea breeders have made 10 m o n i t o r i n g tours du r ing

wh ich they v is i ted B u r m a , Bangladesh, the People's Republ ic of Ch ina , Indones ia ,

N e p a l , Pak i s tan , and T h a i l a n d . Most of the tours to Indonesia and Tha i l and have

been in con junc t i on w i th A C I A R scientists.

Recent ly I C R I S A T has started tr ials in con junc t i on w i th I R R I and the Ind ian

nat iona l p rog ram to test al l three crops as part of the rice-based c ropp ing system.

Regiona l Coord inator

As a result of the s t rong recommenda t i on at the last mee t ing , I C R I S A T has recently

iden t i f ied a coord ina to r for the As ian Gra in Legumes N e t w o r k . He w i l l be commenc-

ing his duties in early January 1986. As he w i l l be tak ing part in this present meet ing , he

should be in a good pos i t i on to help implement the recommendat ions and plans

developed du r i ng the next 3 days.
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Country Representatives

I am look ing f o rwa rd to learn ing du r ing this meet ing about the research advances

made in each count ry on g roundnu t , ch ickpea, and pigeonpea. I w i l l l isten w i th care to

your presentat ions to learn how I C R I S A T may best help advance the research in these

three crops in your countr ies. Your par t i c ipa t ion in the discussions is v i ta l in order to

be able to develop the best act ion p lan possible.

Regiona l Representatives

Likewise, the participation of representatives from the donor organizations is vital for

the formulation of a sound plan for research on these three crops in Asia. I want to

thank again the representatives of the various regional agencies for coming to partici-

pate in this meeting.

Conclusion

I hope that this meeting turns out to be even more effective than our last one for

understanding each other's problems and the possibilities for overcoming them, and in

developing a strong and effective program of regional research on grain legumes.
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Review of Progress

and

Research Resources



Review of the Recommendations of the 1983 Meeting

and Assessment of Future Potential

J.S. Kanwar

International Crops Research Institute for the Semi-Arid Tropics 

Dr Swindale in his keynote address has already emphasized the significance of this

workshop and its goals and objectives. Let me join him in adding my warm welcome. I 

believe that, for planning for the future, it is essential to review the action taken on the

recommendations of the first group that met 2 years ago.

The most important recommendation of the first meeting was the resolution to

work together, to recognize the pivotal role of the Coordinator for the Asian Grain

Legumes Network, and to appoint an experienced scientist to this post. You will be

pleased to know that, after a good deal of search, we have come to the conclusion that

we can't f ind a better person than Don Faris to take up this responsibility. We are

happy to mention that he has accepted the challenge, but he needs your help to achieve

the goals of his job.

The last Consultative Meeting drew attention to high-priority problems in

research. The main emphasis was on constraints to production and related research

aspects. ICRISAT scientists have followed these recommendations. They have an

impressive account of their achievements. I leave it to them to apprise you of the

developments and future plans in this area of research. I need hardly emphasize that

the technology to alleviate constraints to production can best be evaluated only with

your active cooperation and participation under natural environments.

I hope in this workshop the participants wil l identify themselves with task teams

for problem-solving research. Progress is difficult without such commitments. The

last meeting also emphasized the need for the intensification of on-going research. It

may be an opportune time to take stock of things and chalk out a strategy for the

future. It is my feeling that, unless a scientist and the environment for a specific

research program are identified, it is difficult to make good progress.

You may recall that the last meeting stressed the need for effective working

arrangements for adaptation trials. My colleagues wil l be able to inform you about the

progress made so far.

We have initiated some research on groundnut postharvest technology research

in collaboration with T D R I in the UK. But it is a small effort and we look to others for

expanding this program. Studies on pigeonpea processing have also been started. We

feel some of you have a comparative advantage in conducting such studies. We would

like you to come forward with your plans.

The last meeting also emphasized the need for expansion of ICRISAT's disease

and pest nurseries of grain legumes in the region. It was recommended that efforts

should be made to facilitate screening of ICRISAT germplasm for locally important

diseases, e.g., bacterial wilt of groundnut in Indonesia and Malaysia. I am aware of the

visits by Dr. D.V.R. Reddy, Dr D. McDona ld , and Mr R.W. Gibbons to the

14



g roundnu t -g row ing areas in Southeast As ia . They have cr i t ical ly examined the si tua-

t ion of the diseases and viruses in g roundnut in the reg ion . They have many interest ing

things to repor t . L i kew ise , the Pulses P r o g r a m of I C R I S A T shou ld be able to apprise

you of their efforts in this d i rec t ion .

The last meet ing recommended that I C R I S A T should assign pr io r i ty to produc-

ing a comprehensive cata log of avai lable germplasm and breeders' l ines. This w i l l

assist na t iona l programs in mak ing requests for the supply of relevant mater ia l to

enr ich their p rog rams. I regret the cata log is not yet ready in a presentable f o r m , but I 

can assure you that the scientists are on the job and it w i l l be available soon .

In te rna t i ona l networks are the ma in p lank of the cooperat ion strategy and

teamwork for achieving the c o m m o n goal of i m p r o v i n g p roduc t ion th rough the use of

improved technology. W i t h i n the l im i ta t ions of resources we have made serious efforts

to do as much as we can , but clearly it is not enough.

The impor tance of crop d ivers i f ica t ion and development of a suitable c ropp ing

system to improve the u t i l i za t i on of na tu ra l resources and monetary inputs by smal l

farmers of South and Southeast Asia can hard ly be overemphasized. We believe gra in

legumes have a great potent ia l for imp rov ing the economy of agr icul ture in the reg ion .

Their impor tance in i m p r o v i n g the economy, increasing the intensity of c ropp ing , and

enhanc ing the p r o d u c t i o n of vegetable proteins and oils that are in short supply in the

reg ion , also cannot be overstressed. Though a beginning has been made in this

d i r ec t i on , more intensive efforts are needed. The scope is vast, but its real izat ion w i l l

depend on cooperat ive teamwork .

The impor tance of socioeconomic research, par t icu lar ly project ions of the

demand for and supply of g ra in legumes, and research on the advantage of these crops

in compar ison w i th t rad i t i ona l cereal or noncereal c rops, was emphasized du r ing the

first w o r k s h o p . I t is h igh t ime that such organizat ions as C G P R T , F A O , and others

that are better equipped to do these studies, come fo rwa rd to grapple w i th these

prob lems. Regional studies are needed to make cr i t ica l analyses of the s i tuat ion and to

indicate pol icy imp l ica t ions .

I n te rna t i ona l l inkages have been a subject of intensive discussion in the past, and

w i l l cont inue to be in the fu ture as w e l l . I hope , in this w o r k s h o p , the agencies

concerned develop specific projects and f o r m task forces for imp lemen t ing these

decisions. Unless a wel l - in tegrated and coord inated p lan is deve loped, and efforts are

made to make use of the compara t ive strength of each cooperator , the m a x i m u m

payoff f r o m in te rna t iona l coopera t ion cannot be achieved.

We should not forget that legume research scientists in nat iona l programs already

have fu l l research commi tmen ts . Their p roduc t i v i t y in research can be increased i f

I C R I S A T , A C I A R , Peanut C R S P , C G P T R , I D R C , and other organizat ions operat-

ing in the reg ion , evolve a we l l -coord ina ted act ion p lan tak ing advantage of the

strength of each o rgan i za t i on . T r a i n i n g needs of the na t iona l programs are specific

and very demand ing . Their staff need special ized t r a i n i n g , not general t r a i n i ng . I t

shou ld be need-based, and take into cons iderat ion the requirements of h igh-pr io r i t y

research programs as wel l as the strengths and weaknesses of ex is t ing staff, so as to

make them effective partners in reg ional research. Unless the cooperators are

equipped to use the same methodo logy and col lect m i n i m u m data sets, the eva luat ion
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of results becomes d i f f i cu l t . Fo r tuna te l y , in this reg ion , the nat iona l programs are

s t rong , but they may need some cr i t ica l inputs and shor t - te rm t ra in ing in the use of

improved techniques and ins t ruments . I understand that faci l i t ies for v irus research

are being developed by A C I A R in T h a i l a n d . I C R I S A T scientists w i l l be happy to

cooperate w i th you in this ef for t .

B io technology has recently become a wa tchword for scientists. Many problems

of pulses and g roundnut cou ld be addressed by the use of b io technology to break the

barr iers in crop improvement and disease-resistance transfer. We hope this workshop

wi l l examine these developments cr i t ical ly and evolve j o in t -ac t i on plans.

T rave l ing seminars—in wh ich a scientist or team of scientists present their views

at di f ferent places and elicit responses—are effective means of exchanging i n f o rma-

t ion and developing a better unders tand ing of the problems and potent ials of research.

I hope this meet ing also considers this approach in developing an in te rna t iona l

network and a mechanism for technology transfer.

I R R I ' s G r a in Legume Research P r o g r a m

V.R. Carangal

Rice Farming Systems Program, 

International Rice Research Institute 

I n t roduc t ion

In I R R I , a systems approach to research on rice-based f a rm in g has been adop ted , and

the cropping-systems research p rog ram was established in 1974. It involves several

depar tments : A g r o n o m y , Mu l t i p l e C r o p p i n g , Economics , En tomo logy , Technology

Transfer and T r a i n i n g , and Rice Fa rm ing Systems P r o g r a m . Other I R R I senior

scientists par t ic ipate on a par t - t ime basis. The up land crops in i t ia l ly invo lved in this

cropping-systems research were maize, s o r g h u m , soybean, mung bean, cowpea,

g roundnu t , sweet po ta to , and cassava. Pigeonpea and chickpea were added in 1983.

I R R I ' s research on chickpea is l im i ted to var ieta l eva lua t ion .

A conceptual f ramework for a ne twork approach to c ropp ing systems research

and development was f o r m u l a t e d after three meetings of the As ian Rice F a r m i n g

Systems W o r k i n g G r o u p , the members of wh ich are leaders of c r o p p i n g / f a r m i n g

systems research f r o m na t iona l p rog rams. The As ian C r o p p i n g Systems Ne twork was

establ ished, and the methodo logy adapted was fur ther ref ined by the var ious na t iona l

programs invo l ved . The methodo logy was then expanded to include not only c ropp ing

but also an ima l p r o d u c t i o n , f isher ies, and forest ry . Some na t iona l p rograms were

enlarged to include f a rm ing systems research a n d , in 1983, the Ne twork changed its

name to the As ian Rice Fa rm ing Systems N e t w o r k .
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I t has an in terd isc ip l inary and i n t e r commod i t y research app roach , i nvo lv ing

b io log ica l and social scientists, w i t h farmer pa r t i c i pa t i on . A research team compr is ing

an agronomis t , an economis t , and a crop p ro tec t ion specialist is assigned to each

research s i te, wh ich norma l l y comprises one or several v i l lages. The methodo logy

provides feedback to commod i t y and discipl ine researchers in exper iment stations and

makes their research more relevant.

Asian Rice F a r m i n g Systems N e t w o r k

F a r m i n g / c r o p p i n g systems research is highly envi ronment-speci f ic . Research has to

be conducted in dif ferent major envi ronments to make technology relevant for major

p r o d u c t i o n complexes. This is done th rough co l laborat ive research between scientists

f r o m nat iona l programs and the IRRI Rice F a r m i n g Systems P r o g r a m , and this

mechanism is the As ian Rice Fa rm ing Systems Ne two rk . The I R R I p rog ram coord i -

nates the Network 's act iv i t ies.

To help the Ne twork accompl ish its object ives, an As ian Rice F a r m i n g Systems

W o r k i n g Group was set up to prov ide guidance and d i rec t ion to its co l laborat ive

act iv i t ies. It meets yearly in dif ferent countr ies in the reg ion .

The Network now involves 15 As ian count r ies—Bang ladesh, B h u t a n , B u r m a ,

Indones ia , I nd ia , N e p a l , Ma lays ia , Pak is tan , the People's Republ ic of Ch ina , the

Ph i l ipp ines , T h a i l a n d , T a i w a n , Sri L a n k a , South Ko rea , and V i e t n a m . Madagascar i s

a candidate par t ic ipant . In 1985 there are 238 research sites in 13 countr ies.

The work on the sites is concentrated on the design and test ing of c ropp ing

patterns and a few instances of component technology research, such as var iet ia l

tes t ing , fer t i l izer rates, etc. The ma in focus in each site is to increase p roduc t i on and

cropp ing intensi ty . In some sites where the intensity is already h i gh , research is focused

on increasing the product iv i ty of the crops in the c ropp ing pa t te rn . The work on

crop- l ivestock research sites includes the design and test ing of c ropp ing patterns and

an imal systems.

Cropp ing Pat tern Testing

The f irst co l laborat ive research started in 1975 on c ropp ing-pa t te rn test ing at f ive sites

in three count r ies . In 1984, there were 44 cropping-systems sites in 13 countr ies. Most

of the exper iments are conducted in fa rmers ' f ields w i th farmer pa r t i c i pa t i on . I R R I

mon i to rs the env i ronment , crop per fo rmance, and economic per formance of di f ferent

c ropp ing pat terns. The sites are careful ly selected to represent the major r ice-growing

env i ronments in As ia . In most cases, the focus in each site was to increase p r o d u c t i o n ,

net i ncome, and c ropp ing in tens i ty . In some sites we increased the p r o d u c t i o n of each

crop in the pat tern and income of the to ta l system.

Interest ing ly , g roundnu t is one of the p romis ing crops in c ropp ing patterns in

Ko ta B h a r u , Ma lays ia ; Ka tapo tha and M a h a w e l i H , Sr i L a n k a ; Y e z i n , B u r m a ;

H a t h a z a r i , Bangladesh; An t ique and B u k i d n o n , Ph i l ipp ines; and Batumar ta and
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Barambai , Indonesia. In the Phi l ippines, g roundnut is tested in several c ropp ing-

systems research sites. Rice-chickpea is one of the most promis ing systems in Sai-

chaina, Nepal , where farmers used to grow one rice crop before. Now chickpea is

involved in their pi lot p roduct ion program.

Var ie ta l Testing of Upland Crops

One of the major problems ident i f ied by cropping-system scientists is the need to

improve varieties of upland crops that f i t into a c ropp ing system. Since I R R I has no

mandate to improve varieties of other crops, we work wi th nat ional programs to

improve varieties of upland crops that f i t rice-based cropping systems. Work at I R R I

involves maize, sorghum, soybean, g roundnut , mung bean, and cowpea. The Inst i tute

of Plant Breeding ( IPB) has set up a project that includes screening of lines and

varieties f rom I C R I S A T , I I T A, and A V R D C and other nat ional breeding programs,

and the hybr id iza t ion of promis ing varieties and selections. The breeding programs

concentrate on soybean, groundnut , and mung bean.

The most p romis ing entries are submi t ted to I RRI for seed increase and d is t r ibu-

t ion to countr ies invo lved in the Network . In 1984, we received and increased on the

I R R I farm 12 varieties of maize f rom C I M M Y T , Indonesia, Tha i l and , and IPB; 10 of

pigeonpea f rom I C R I S A T ; 18 of mung bean f rom A V R D C and IPB; 22 of soybean

f rom A V R D C and IPB; 20 of cowpea f rom I I T A ; 9 of g roundnut f r om IPB; and 10 of

sorghum f rom I C R I S A T and IPB.

Groundnut was grown after rice wi th residual moisture. Yie ld levels were very low

in some locat ions, but there are some entries as good as or better than the con t ro l . The

ear ly -matur ing varieties of pigeonpea are especially p romis ing as dual-purpose (grain

and fodder) crops after rice. We are presently screening materials f rom Aust ra l ia and

I C R I S A T . From I C R I S A T we have also received a med ium-matu r ing chickpea. We

evaluated the entries under upland condi t ions dur ing the dry season. Yie ld levels were

higher than in previous tr ials. A l l the entries were better than the cont ro l : IC 78002.

Crop-l ivestock Systems Research

One of the new col laborat ive research activit ies in the Network that started in 1984 is

an in tegrat ion of crop- l ivestock in f ive sites invo lv ing the Phi l ippines, Tha i l and ,

Nepal , Sri Lanka , and Indonesia. G roundnu t is involved in the c ropp ing systems. The

work in Sri Lanka wi l l start in 1986, either in an i r r igated or rainfed 'rice area' where

groundnut is one of the crops.

In the Phi l ipp ines, an on- farm crop- l ivestock fa rm ing t r ia l is in progress at the

Corosucan and Malanay sites. In the i r r igated and upland test site in Malanay, it has

been possible to undertake who le - fa rm research because of the stabi l i ty of the exist ing

rice-rice cu l t iva t ion pat tern.

At the rainfed test site, c ropp ing pattern tr ials are conducted to intensify the

fa rmers ' t rad i t i ona l sole-rice c ropp ing . F i t t ing in such upland crops as groundnut after
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r ice, to take advantage of the residual soi l mo is tu re , is the main thrust of the research

team. The team at the site classif ied the ra in fed site as hav ing (a) a med ium- l igh t soi l

but being d rough t -p rone , and (b) hav ing a heavy soi l and being poor ly -d ra ined and

f l ood -p rone . Groundnu t is one of the crops that could be cropped after rice in the

l ighter soi ls.

At the site in Santa Barbara in the Phi l ipp ines we are evaluat ing pigeonpea

variet ies after r ice. We w i l l also test f ive pigeonpea varieties after rice in 10 c rop -

l ivestock fa rm ing systems sites.

A crop- l ivestock systems research was started in Tha i l and in June 1984.

I m p r o v e d c ropp ing patterns being tested inc lude g roundnu t + cassava, cowpea + 

cassava, maize-r ice, cowpea-r ice, and r ice-fodder crops.

The c ropp ing systems research in Nepa l , at P u m d i B h u m d i v i l lage, Kask i d is t r ic t ,

has been expanded to accommodate crop- l ivestock systems research. Here the major

focus is on cattle for m i l k .

A C I A R ' s F o o d Legume Research P r o g r a m

E.S. Wallis, G.J. Persley, and E.T. Craswell

Australian Centre for International Agricultural Research 

I n t roduc t ion

Food legumes are one of the major areas of concent ra t ion in the research programs

supported by the Aust ra l ian Centre for In te rna t iona l Ag r i cu l tu ra l Research ( A C I A R ) .

A C I A R supports several projects concerned w i th the improvement of such food

legumes as p igeonpea, g r o u n d n u t , soybean, mung bean, and cowpea in Southeast

As ia .

The A C I A R food legume p rog ram operates main ly in Indones ia , Ma lays ia , the

Ph i l i pp ines , T h a i l a n d , and Aust ra l ia and there is co l laborat ive research between

Aus t ra l i an scientists and their colleagues in Southeast Asia on problems of mu tua l

interest. A l t h o u g h A C I A R pr imar i l y supports b i la tera l pro jects, programs are

designed to complement ongo ing programs such as those of the Consul ta t ive Group

on In te rna t i ona l A g r i c u l t u r a l Research ( C G I A R ) Centers. A C I A R supports research

on legume crops of interest to I C R I S A T (pigeonpea and g r o u n d n u t ) , and to I R R I ( in

its f a rm ing systems p r o g r a m , as pre- and post-r ice crops).

The Aus t ra l i an government has prov ided f inanc ia l suppor t for this present

meet ing under the A D A B / A C I A R Aus t ra l i an Special Purpose Grants to the C G I A R

Centers. These grants are p rov ided by the Aus t ra l i an Development Assistance Bureau

( A D A B ) to the C G I A R Centers to faci l i tate co l l abora t ion between A C I A R research

projects and the C G I A R Centers.
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There appear to be good prospects for co l l abo ra t i on among scientists w o r k i n g in

A C I A R ' s food- legume pro jects, I C R I S A T , I R R I , and other related activit ies in

Southeast As ia .

The purpose of this paper is to out l ine the scope of A C I A R ' s ex is t ing research

projects on food legumes, to out l ine l im i ta t ions to food- legume improvement in

Southeast As ia , and to ident i fy areas for possible fu ture co l labora t ion w i th I C R I S A T

and I R R I .

A C I A R - s u p p o r t e d Research on F o o d Legumes

A C I A R is current ly suppor t i ng 10 projects on var ious aspects of food- legume

research. These are l isted in Table 1.

Table 1. ACIAR-supported Research Projects on Food Legumes.

Plant Improvement

Pigeonpea improvement

Legumes for farming systems in Northeast Thailand

Soybean and mung bean improvement

Groundnut improvement

Legume drought-stress measurement

Plant Protection

Plant virus identification

Bacterial wilt disease

Plant Nutrition

Measurement of biological nitrogen f ixation

Ecological studies of root-nodule bacteria and the use of legume inoculants

Phosphorus and sulfur efficiency in tropical cropping systems

Micronutrient requirements for biological nitrogen fixation and growth of legumes

The projects are concerned w i th (a) crop improvement chiefly in re lat ion to the

development of improved varieties and agronomic practices for p igeonpea, g round-

nut , soybean, mung bean, and cowpea in selected Southeast As ian countr ies; (b)

specific disease prob lems, where these are a major l im i t to y ie ld , such as bacter ial wi l t

of g roundnuts in Indones ia ; (c) p l an t - nu t r i t i on problems affect ing food legumes,

associated w i th m ic ronu t r ien t requirements for b io log ica l n i t rogen f i x a t i o n , and

phosphorus and sulfur n u t r i t i o n ; and (d) the ecology of Rhizobium. 

Areas for Collaboration with Other Agencies

Modeling genotypic responses 

There are many genotypic eva lua t ion tr ials conducted th roughou t Southeast Asia in

food- legume crops. There is a need f o r more cr i t ica l analysis of these t r ia ls , pa r t i cu -
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lar ly in the assessment of genotype x env i ronment (g x e) in teract ions, to enable plant

breeders to make ra t iona l selections of p romis ing breeding mater ia ls.

A complementary approach to the analyses of g x e in terac t ion is to use simple

dynamic predic t ive models to prov ide i n f o r m a t i o n on crop g row th and development

in par t icu lar env i ronments , and the response to env i ronmenta l , edaphic, and cu l tu ra l

t reatments.

It wou ld be ext remely useful i f those countr ies and in te rna t iona l agencies inter-

ested in crop improvement agreed to establ ish cooperat ive tr ials so that such analyses

cou ld be conducted and the results fed back in to relevant p lant improvement

programs.

The target crops cou ld be the presently impo r tan t food- legume and oilseed crops

in Southeast As ia (soybean, mung bean, and g roundnu t ) and po ten t ia l new crops

(pigeonpea and cowpea).

A C I A R is p ropos ing to establ ish a resource base to ensure that useful i n f o r m a -

t ion is sent to the centra l improvement programs in the pro jects, in co l labora t ing

ins t i tu t ions , and the in te rna t iona l research commun i t y . It is proposed to have a smal l

centra l pro ject , manned by an experienced plant improvement scientist, to coord inate

mu l t i env i ronmen ta l test ing w i th A C I A R projects, to ensure that an appropr ia te

m i n i m u m data set of plant factors related to env i ronment is col lected, and to analyze

data by the most appropr ia te means (g x e analyses, crop models , etc.) for use in the

projects.

We wou ld welcome active par t i c ipa t ion by the C G I A R Centers or other ins t i tu -

t ions in this pro ject , and under take to incorpora te analyses of mu l t ienv i ronment

test ing of suitable data sets and prepare feedback to the improvement programs of al l

interested bodies.

Pests and diseases 

Pests and diseases are a major l im i t a t i on to food- legume p roduc t i on in Southeast

As ia . In the case of po tent ia l new crops such as pigeonpea and cowpea, pests and

diseases are l ikely to increase w i th expansion of c ropp ing areas.

In p igeonpea, I C R I S A T ' s expertise wou ld be most valuable in assessing those

pests and diseases that may become impor tan t in Southeast As ia . I C R I S A T could

then ident i fy sources of resistance for i nco rpo ra t i on in to local breeding programs to

avoid these potent ia l p rob lems.

Economics

The economics of p roduc t i on of food legumes is an impor tan t issue in Southeast As ia ,

where food legumes have to compete w i th other crops for a place in the exist ing

fa rm ing systems, wh ich are largely r ice-based. A l t h o u g h ex is t ing data are l i m i t e d , i t is

clear that costs of p r o d u c t i o n of cer ta in crops are h igh and this must be reduced if

l oca l l y -g rown legumes are go ing to be able to compete w i th impor ted sources.
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Joint P lanning and Review of Activit ies

Jo in t p lann ing and review of activit ies of projects conducted by A C I A R and C G I A R

Centers and other i n te rna t iona l agencies in the reg ion should be coord ina ted by

organiz ing workshops , such as this one, or i nd iv idua l p rog ram meet ings, where other

interested part ies are i nv i t ed . For examp le , in A C I A R ' s pigeonpea improvement

pro jec t , I C R I S A T personnel have been invo lved in Tha i l and and Indones ia , in

p lann ing and review wo rk , and germplasm exchange.

A C I A R F o o d Legume W o r k s h o p , September 1986

A C I A R is sponsor ing a workshop on the l imi ts to p roduc t i v i t y in food legumes in

Southeast As ia , to be held in K h o n K a e n , T h a i l a n d , f r o m 1 to 5 Sep 1986. The aims of

the workshop are to describe the major l imi ts to adapta t ion and p roduc t i v i t y of f ood

legumes and to ident i fy ways in wh ich these l imi ts might be overcome. The theme of

the workshop w i l l be " Why have there not been major gains in the p roduc t i v i t y of food

legumes, analogous to those achieved w i th wheat and r ice?"

Conclusion

F o o d legumes are major crops in Southeast As ia , because of their role as major expor t

c rops, such as mung bean in T h a i l a n d , potent ia l new export crops, such as pigeonpea

in T h a i l a n d , and impor t - subs t i t u t i on crops, such as soybean in T h a i l a n d . However ,

yields are low, and there are many oppor tun i t ies for research to increase p roduc t i on

eff iciency.

(Ed i to r i a l note. N o t summarized.)
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Review of ICRISAT's Groundnut Work in Relation

to the Recommendations of the 1983 Meeting

R.W. Gibbons

Groundnut Improvement Program 

International Crops Research Institute for the Semi-Arid Tropics 

Visits and Tra in ing

Since December 1983 Groundnu t Improvement P rog ram scientists have visited eight

As ian countr ies to under take disease and pest surveys, to par t ic ipate in var ious

workshops and conferences, to fami l ia r ize themselves w i th local p rob lems, and to

discuss possible research coopera t ion . A number of visi tors have come to see the

Program's work at I C R I S A T Center, and an in te rna t iona l group of scientists met

there in September 1984 to discuss the problems of g roundnut rust .

Special ist t ra in ing has been given by scientists of the P rog ram at I C R I S A T

Center to scientists f r o m several As ian countr ies. These visitors have spent up to

several mon ths , as In-service Fe l lows , w o r k i n g in var ious subprograms, acqu i r ing

expert ise in specific f ie lds. These have inc luded breeding methods , screening for

resistance to pests, diseases and d rough t , virus i den t i f i ca t i on , a f l a tox in analysis, and

the p roduc t i on and app l ica t ion of Rhizobium i n o c u l u m .

Supply of Germplasm and Breeding Mater ia ls

Increasing contact w i th g roundnu t scientists, and development of co l laborat ive

agreements w i th organizat ions such as I D R C , Peanut C R S P , and A C I A R has s t imu-

lated germplasm exchange. Mater ia ls were sent to 14 countr ies. Interest in w i ld

Arachis species, and in derivat ives of crosses between these and the cu l t ivated g r o u n d -

nu t , is st i l l l i m i t e d ; but germplasm accessions, breeding l ines, and segregating popu la -

t ions f r o m requested crosses are being p rov ided in increasing numbers . Several

in te rna t iona l tr ials have been organized and sent to cooperators in the reg ion .

Drought

Screening of genotypes for to lerance of d rough t was con t inued in the 1983/84 and

1984/85 postra iny seasons, using the l ine-source spr inkler system. The physio logy of

d rough t is being invest igated. T i m i n g and du ra t i on of the stress are impor tan t .

P re l im inary results suggest that it should be possible to select h igh-y ie ld ing genotypes

w i th resistance to early and midseason droughts .
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Nitrogen fixation 

At I C R I S A T the emphasis on symbiot ic n i t rogen f i xa t i on has been on the ra infed

c rop . Some work has been done on Vert isols and on i r r igated crops, and contact has

been main ta ined w i th N i f T A L and the research being done in rice-based fa rm ing

systems.

In earlier work i t was f ound that yields of genotypes Robut 33 - 1, JL 24 , and ICGS

27 were increased by inocu la t ion w i th Rhizobium s t ra in NC 92, and that Robut 33-1

also responded posi t ively to fert i l izer n i t rogen . Five more genotypes have been shown

to respond posi t ively to i nocu la t i on w i th NC 92, and three of them also respond to

fert i l izer n i t rogen .

Iron deficiency 

Chlorosis caused by i ron deficiency is c o m m o n in groundnuts g rown in heavy soils of

h igh pH where there is an excess of b icarbonates. A l im i ted range of genotypes has

been screened for i ron eff iciency on Ver t iso ls , where chlorosis is c o m m o n , and eight

i ron-ef f ic ient lines have been iden t i f i ed .

Earliness

Shor t -du ra t i on cul t ivars are requi red to f it in to mu l t i p le -c ropp ing systems for regions

where the rainy season is short and for g row ing on residual soi l mo is tu re , par t icu lar ly

in the r ice-based systems of As ia . The genotype ICGS(E) 67 outy ie lded the con t ro l

cu l t ivar Ch ico at al l t imes of harvest ing and gave its m a x i m u m yie ld at 90 days after

sow ing . In this work i t was f ound impor tan t to evaluate the genotypes ear ly , as

compet i t i ve advantages cou ld be lost i f they were kept too long in the g round before

harvest ing. An in te rna t iona l t r ia l has been sent to several countr ies in the As ian region

dur ing 1985, and pre l iminary results received so far have been encourag ing.

Foliar diseases 

The impor tan t fo l iar diseases of g roundnut in Asia caused by fung i are rust (Puccinia 

arachidis), late leaf spot (Phaeoisariopsis personata), and early leaf spot (Cercospora 

arachidicola). Rust and late leaf spot are par t icu la r ly damag ing in southern and

centra l I n d i a , in Southeast As ia , and in the south of the People's Republ ic of Ch ina .

Over the last 2 years, 46 more genotypes have been found w i t h resistance to rust

and /o r late leaf spot, and many of the interspecif ic hyb r id derivat ives f r o m the

cytogenetics p rog ram are also showing h igh levels of resistance to these diseases. The

quest ion of race occurrence in rust is st i l l not resolved.

An I n f o r m a t i o n Bu l le t in has just been released on the leaf spots and th is , together

w i t h the previously publ ished one on rust , provides a good basis for fur ther research

on these diseases and advice on their management . Cul t ivars w i th resistance to rust

and late leaf spot , and w i t h commerc ia l ly -acceptab le y ie ld and qua l i t y , are in

advanced tests in the A I C O R P O system. They have also been suppl ied to many

cooperators in the reg ion .
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Virus diseases 

F r o m surveys and publ ished data it is clear that v irus diseases of g roundnut are

impor tan t constraints to g roundnut p roduc t i on in several As ian countr ies. Bud necro-

sis caused by toma to spot ted wi l t virus ( T S W V ) is serious in parts of Ind ia and

Ma lays ia ; peanut mot t le v i rus ( P M V ) is present in al l g r o u n d n u t - g r o w i n g areas;

peanut str ipe virus (PStV) is now k n o w n to occur in the People's Republ ic of Ch ina ,

Ma lays ia , T h a i l a n d , Indones ia , and the Ph i l ipp ines ; yel low spot v irus (YSV) occurs at

h igh incidence in Ind ia and T h a i l a n d ; and wi tches ' b r o o m (caused by a mycop lasma-

l ike organism) can do serious damage in the south of the People's Republ ic of Ch ina ,

T a i w a n , and Indonesia. The I C R I S A T Pr inc ipa l V i ro log is t , i n coopera t ion w i th

Peanut C R S P , surveyed virus diseases in T h a i l a n d , the Ph i l ipp ines , Indones ia , and

Papua New Guinea.

Researchers at I C R I S A T have ident i f ied three germplasm lines and one breeding

line that have no seed t ransmission of P M V . A line w i th tolerance to P M V has also

been f o u n d . Screening germplasm under h igh incidence of bud necrosis disease (up to

90 % incidence in susceptible con t ro l cul t ivars) has resulted in the ident i f i ca t ion of

several f ie ld-resistant genotypes w i th less than 10% incidence. Cu l tu ra l con t ro l of this

disease has been successful in Ind ia .

Pests

Of the many species of insect that attack g roundnu t , few are widespread or cause

serious damage. However , whi te grub (Lachnosterna fissa), leaf miner (Aproaerema 

modicella), jassid (Empoasca kerri), and termites (Odonto terme spp) are regarded as

constraints to g roundnut p roduc t ion in As ia . Recent surveys have shown jassid and

aph id {Aphis craccivora) to be widespread in I nd i a , T h a i l a n d , and the Ph i l ipp ines.

Thr ips (Frankliniella schultzei and Scirtothrips dorsalis) are impor tan t as vectors of

T S W V and Y S V , and whi te flies {Bemisia sp)as vectors of cowpea mi ld mot t le v irus

( C M M V ) .

In the past 2 years, genotypes have been screened at I C R I S A T Center for

resistance to jass id , leaf miner , th r ips , and aphids. Four genotypes have been found on

wh ich aphids have reduced g row th rates. Several genotypes have been ident i f ied w i th

jassid resistance. Resistance has also been found to leaf miner and th r ips . Breeders are

inco rpo ra t ing these resistances into h igh-y ie ld ing commercia l ly-acceptable cu l t i vars ,

and several lines w i t h good resistance to thr ips and jassids have outy ie lded con t ro l

cu l t ivars .

Bacterial wilt 

Bacter ia l wi l t (Pseudomonas solanacearum), impor tan t in Southeast Asia and in the

People's Republ ic of Ch ina , has not been found in I nd ia . Germp lasm accessions

reported resistant to the disease are being col lected and mu l t ip l ied for screening in

na t iona l 'hot -spots ' . Ava i lab le l i terature has been rev iewed. Cooperat ive research is

being considered f o l l ow ing a conference on bacter ia l wi l t held at M a n i l a in 1985 under

the auspices of A C I A R .
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Aflatoxin contamination 

There is increasing interest in the p rob lem of g roundnut seed invasion by Aspergillus 

flavus and con tam ina t i on w i th a f la tox ins . Scientists f r o m I n d i a , T h a i l a n d , the Ph i l i p -

pines, Sri L a n k a , and the People's Republ ic of Ch ina have had t ra in ing in resistance-

screening methods and in analy t ica l methods for detect ion and quan t i f i ca t ion of

a f la tox ins . Several genotypes w i th resistance to seed invasion by the toxigenic A.

flavus have been ident i f ied and are being used in a breeding p rog ram. Genotypes that

are poor substrates for a f l a tox in p roduc t ion if seeds are invaded , have also been

ident i f ied and crosses made in the hope of comb in ing the dif ferent resistances.

Review of ICRISAT's Pulses Work in Relation to the

Recommendations of the 1983 Meeting

Y.L. Nene

Pulses Improvement Program 

International Crops Research Institute for the Semi-Arid Tropics 

Chickpea

Wil t , root rots, and ascochyta blight diseases. We have made considerable progress

in research on w i l t , root ro ts , and ascochyta b l ight diseases. Sources of resistance to

wi l t and several root rots (e .g. , dry r o o t r o t , wet root ro t , black root ro t , collar ro t , etc.)

have been ident i f ied singly and in var ious comb ina t i ons . The seeds of these lines are

being shared freely w i th cooperators . A l so , advanced generat ion lines w i th wi l t and

root - ro t resistance are being sent for regional test ing.

We have a project in Pakis tan funded by the As ian Deve lopment Bank to

specif ically breed chickpeas w i th resistance to ascochyta b l ight .

Pod borers. ICRISAT entomologis ts have toured most of the impor tan t ch ickpea-

g row ing areas of southern Asia and found that Heliothis armigera is the most

impor tan t pest on this c rop .

I C R l S A T ' s search for resistance to H. armigera in chickpea has been successful.

We now have several genotypes that carry resistance to this pest. In I nd i a , I C C X

730038-8, a resistant selection f r o m I C R I S A T , has been at the top in combined yield

and resistance in mu l t i l oca t i on tests over the past 3 years. It has now been recom-

mended as a parent in the nat iona l crossing p r o g r a m .

Lack of cultivars adapted to saline soils. Fur ther pot screening of a range of

genotypes for sal ini ty tolerance has been carr ied out . Advanced lines have been

screened to determine if any were supersensitive to sal in i ty . Plans are in hand to

develop un i fo rm ly saline f ie ld plots for mass screening for sal ini ty to lerance.
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Lack of cultivars adapted to late sowing. Screening of genotypes, many of wh ich

were obta ined f r o m I C A R D A , for this t ra i t has been done at Hisar ( Ind ia) du r ing

1983/84 and 1984/85.

Adaptat ion trials. Ch ickpea seed samples were suppl ied by I C R I S A T to South and

Southeast As ia in 1984 and 1985. We sent 75 t r ia ls/nurser ies and over 2000 seed

samples to our cooperators in nine countr ies of the reg ion , exc lud ing Ind ia .

Stand establishment. A recent survey has indicated that this is a major l im i ta t i on to

chickpea yield in I nd ia . Screening tests for abi l i ty to germinate f r o m subopt ima l

seedbed mo is tu re , using soi l packed into trays and adjusted to par t icu lar moisture

contents , have con f i rmed genotypic differences in ch ickpea, and superior genotypes

have been iden t i f i ed . Advanced chickpea lines are regular ly screened for this charac-

ter. So far no s igni f icant ly in fer ior lines have been iden t i f i ed .

Visits to f ield trials. I C R I S A T scientists visi ted exper iments and held very useful

discussions w i t h scientists w o r k i n g in Bangladesh, B u r m a , I nd i a , Indones ia , Malay-

sia, Nepa l , Pak is tan , and T h a i l a n d .

Cropping systems. We are co l labora t ing in rice-based c ropp ing systems research

w i th I R R I . P romis ing chickpea lines ( I C C C 37 and 42) are being current ly tested in

this p r o g r a m .

Pigeonpea

Sterility mosaic and wilt. These two diseases cause an annual loss of US $ 113 m i l l i on

in Ind ia a lone. Wi l t (Fusarium udum) is usually present wherever pigeonpeas are

g r o w n , but ster i l i ty mosaic has been observed only in Bangladesh, B u r m a , I nd i a ,

N e p a l , and Sr i L a n k a , and possibly T h a i l a n d . Many excellent sources of resistance

have been iden t i f i ed , w i t h single as wel l as combined resistance, and several of these

have been used in the breeding p r o g r a m . We now have wi l t and ster i l i ty mosaic

resistant lines w i t h good agronomic backgrounds. Seeds of these lines are being shared

w i th cooperators .

Insect pests. Heiiothis armigera is k n o w n to be a major pest of pigeonpea in all of

Southeast As ia where this crop is g r o w n . However , there are many other insect pests

on this c rop . In a tour of several countr ies in the region in 1983, an I C R I S A T

entomolog is t recorded that Maruca testulalis, a lep idopteran insect that causes sub-

s tant ia l losses on many legumes, but par t icu lar ly on cowpeas, was very c o m m o n and

damag ing on pigeonpea in Tha i l and and in the Ph i l ipp ines . This pest was also seen on

groundnuts in T h a i l a n d .

I C R I S A T believes that host -p lant resistance w i l l be the major component of pest

management on pulses in the fu tu re . I C P L 332 is one example of a pigeonpea genotype

that has been selected for resistance to pests at I C R I S A T and is now in its 2nd year of

test ing in the A l l Ind ia P r o g r a m .
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In 1984 seeds of some resistant selections were tested in the Phi l ippines and at

least one of these, PPE 45-2, performed very wel l .

Drought. Postmonsoon i r r iga t ion is necessary to maximize ratoon-harvest yields of

shor t -dura t ion pigeonpea on Al f isols in peninsular India. W i t h med ium-dura t ion

pigeonpea, screening tr ials to identi fy tolerance to termina l drought stress are being

conducted.

Water management. O p t i m u m i r r igat ion requirements for shor t -dura t ion pigeon-

pea and chickpea in peninsular India have been worked out.

Lack of cultivars adapted to saline soils. F i e l d - a n d pot-screening tests have been

cont inued to identi fy pigeonpea genotypes better adapted to saline condi t ions (e.g.,

I C P L 227).

Cropping systems. We have increased co l labora t ion wi th the cropping-system group

at I C R I S A T , par t icu lar ly in studies of crop water requirements and residual n i t rogen

effects of chickpea and pigeonpea on c ropp ing systems. We are also screening pigeon-

pea genotypes for their sui tabi l i ty for in tercropp ing (i.e., to be able to wi ths tand

compet i t ion by the companion cereal crop).

Mechanization of production. Ag ronomic systems for shor t -dura t ion pigeonpea

that wou ld be potent ial ly suitable for mechanizat ion have been developed.

Yield-gap analysis. We are current ly testing methods to identi fy l imi ta t ions posed by

minera l -nut r ient deficiencies and toxic i t ies and lack of appropr ia te rh izobia in part ic-

ular regions. We are in the process of s t rengthening our co l labora t ion w i th I C R I S A T

agrocl imatologists in better def in ing the cl imatic constraints to chickpea and

pigeonpea.

Utilization and demand. We are a t tempt ing to develop large, whi te , sweet-seeded

lines that wi l l be more readily accepted as a h igh-qual i ty substitute for green peas.

We are also developing h igh-prote in lines that could f i t into a special market for

ext ract ing protein industr ia l ly or as feed to subst i tute for the large amount of soybean

impor ted into Tha i land and, perhaps, other countries in the region.

Germplasm and breeding material. In 1984 and 1985 we have prov ided 39 tr ials and

329 samples of advance pigeonpea breeding mater ial to countries in the region outside

India.

One of the tr ials sent was the Pigeonpea Observat ion Nursery. This contains

about 20 diverse lines cover ing all matur i ty groups, disease- and insect-resistant and

susceptible lines, and many morpho log ica l ly different types. This nursery allows

scientists who are not fami l ia r w i th the crop to see what types might fit their

requirements.
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In the same per iod we have received results f r o m pigeonpea tr ials and reports that

inc luded the per formance of I C R I S A T ma te r i a l . Some of the lines have per fo rmed

very w e l l , as in the case of Tha i l and (3-5 t ha - 1 ) , Phi l ipp ines (3 t ha - 1 ) , I R R I (3 t ha - 1 ) ,

and B u r m a (2-3 t ha - 1 ) .

I C R I S A T pigeonpea breeders have made 10 m o n i t o r i n g tours to 7 countr ies in

Sou th and Southeast As ia outside Ind ia since our last meet ing . The tr ips to Indonesia

and Tha i l and have most ly been in con junc t ion w i th A C I A R scientists. Results have

been shared among scientists and fu ture tr ials in those countr ies p lanned .

Links with international organizations. Pigeonpea breeders f r o m I C R I S A T have

par t ic ipated in the m o n i t o r i n g tours and p lann ing sessions for fu ture pigeonpea

research in Tha i land ma in ly , but to a lesser extent in Indonesia.

Training. Pulses Improvement P rog ram staff have been actively invo lved in the

t ra in ing of cooperators f r o m the countr ies in the reg ion .

ICRISAT's Training Activities in Grain Legumes

in South and Southeast Asia

D.L. Oswalt and A.S. Murthy

Training Program 

International Crops Research Institute for the Semi-Arid Tropics 

The t ra in ing p rog ram conducted by the research and t ra in ing staff enabled the

Inst i tu te to accommodate an increased number of par t ic ipants f r o m the As ian reg ion .

There were 198 par t ic ipants f r o m 41 countr ies who received t ra in ing related to

pigeonpea, ch ickpea, and g roundnut improvement du r ing 1983-85, w i th 94 of the

par t ic ipants f r o m the As ian region (Table 1).

The largest number of par t ic ipants received ins t ruc t ion and pract ical experience

in g roundnu t research (Table 2) . The pigeonpea and chickpea pathology 2-week

p rog ram in January 1985 had par t ic ipants f r o m Bangladesh, I n d i a , Pak is tan , and

T h a i l a n d . The Peanut C R S P p rog ram sponsored six par t ic ipants f r o m the Phi l ippines

and four f r o m Tha i land for g roundnut -b reed ing and entomology t r a i n i ng .

Pract ica l t ra in ing in chickpea is scheduled f r o m 15 September to 15 M a r c h , wh ich

is the g row ing season at H y d e r a b a d . Pigeonpea t ra in ing may be up to 10 m o n t h s , i.e.,

15 May-15 M a r c h , or l im i ted to 6 months f r o m 15 September to 15 M a r c h when the

crop is f l ower ing and harvested. G roundnu t improvement programs are conducted

f r o m 15 M a y t h rough 15 November under ra in fed cond i t i ons . A l im i ted number can

receive t ra in ing f r o m 15 September to 15 M a r c h , w i t h emphasis on drought screening

and management w i th restr icted i r r i ga t i on .
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The educat ional level of par t ic ipants has been increasing. A lmost al l the 1983-85

par t ic ipants f r o m the As ian region have a B.Sc. or higher degrees (Table 3). An

intensive 8-week course to imp rove Engl ish has been p rov ided annual ly f r o m 15

M a r c h to 15 M a y . However , there have not been many Asian gra in legume par t ic i -

pants in this p r o g r a m .
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Table 1. Participants from Asian countries in ICRISAT Training Programs, 1983-85.

Country

Bangladesh

Burma

India

Indonesia

Nepal

Pakistan

People's Rep.

of China

The Philippines

South Korea

Sri Lanka

Thailand

Total

ISF 1

4

6

1

1

4

5

1

2

1

25

Wks

5

27

2

2

34

29

4

8

2

113

IS

5

13

4

6

8

8

44

Wks

134

51

80

154

113

99

631

RF

10

10

Wks

888

888

RS

13

13

Wks

491

491

Ap

2

2

Wks

20

20

Total

4

5

44

4

1

1

10

13

1

2

9

94

Wks

5

134

1477

80

2

2

188

142

4

8

101

2143

1. ISF: In-service Fellow. IS: In-service Trainee. RF: Research Fellow. RS: Research Scholar. Ap:

Apprentice. Wks: Weeks at ICRISAT.

Table 2. Participants from Asian countries in pigeonpea, chickpea, and groundnut training

programs, 1983-85.

Country

Bangladesh

Burma

India

Indonesia

Nepal

Pakistan

People's Rep. of China

The Philippines

South Korea

Sri Lanka

Thailand

Total

Pigeonpea

41

-

24

1

1

1

-

2

1

-

4

38

Chickpea

4

-

23

1

1

1

-

-

-

-

4

34

Groundnut

-

5

25

4

-

9

11

-

2

4

60

1. Individuals may have participated in more than one crop.



Table 3. Educational level of the 1983-85 participants from Asian countries.

Country

Bangladesh

Burma

India

Indonesia

Nepal

Pakistan

People's Rep. of China

The Philippines

South Korea

Sri Lanka

Thailand

Total

Diploma

-

3

-

1

-

-

-

-

-

-

1

5

B.Sc.

1

2

6

3

-

-

10

5

-

1

8

36

M.Sc.

3

-

22

-

1

1

-

6

1

-

-

34

Ph.D.

-

-

16

-

-

-

-

2

-

1

-

19

It is ant ic ipated that the costs w i l l be US $ 700 per m o n t h in 1986-87. These include

an inc identa l a l lowance, r o o m , food a l lowance, medical insurance, book a l lowance,

educat iona l v is i ts , homeward- journey a l lowances, and t ra in ing suppl ies. Transpor t

costs to I C R I S A T and re turn are covered separately.

(Ed i to r i a l note : N o t summarized.)

A C I A R ' s Pigeonpea Improvement Program

E.S. Wallis, D.E. Byth, R.J. Troedson, and J.S. Meekin

Department of Agriculture, University of Queensland, Australia 

I n t r o d u c t i o n

The A C I A R Pigeonpea Improvemen t P r o g r a m , in i t ia ted in December 1982, is a 

co l laborat ive research project based at the Univers i ty of Queensland w i t h components

in F i j i , T h a i l a n d , Indones ia , and Aus t ra l i a . In a d d i t i o n , close co l l abo ra t i on has been

ma in ta ined w i t h I C R I S A T , and genetic mater ia ls have been made avai lable to a 

number of countr ies.

A p r imary thrust of the p rog ram has been to investigate factors in f luenc ing the

p roduc t i v i t y and adap ta t ion of short-season p igeonpea, inc lud ing env i ronments and

countr ies in wh ich pigeonpea is not current ly g rown as a f ie ld c rop .

The i n t r o d u c t i o n of a new crop to any count ry is a slow process. It requires that

the crop not only be able to p e r f o r m we l l in new env i ronments but also that the end

uses of the products be de f i ned , that the crop be p ro f i tab le to fa rmers , and that its

adop t i on meets nat iona l goals.
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The p r o g r a m was reviewed by A C I A R in Sep 1985 and a second 3-year phase,

that commenced on 1 Dec 1985, was recently approved by A C I A R ' s Board of Management.

Phi losophical A p p r o a c h

The p rog ram has actively co l laborated since 1982 w i th universi ty and governmenta l

ins t i tu t ions in T h a i l a n d , Indones ia , and F i j i , as wel l as I C R I S A T . The approach taken

by the p r o g r a m was to convene a discussion g roup or workshop in each coun t ry pr ior

to the i n i t i a t i on of co l laborat ive research.

The methodo logy adopted to evaluate the pigeonpea crop in Indonesia and

Tha i l and was s imi lar , and was di rected at the eva lua t ion of its po ten t ia l as a n o n t r a d i -

t iona l c rop , as fo l lows .

a. A series of sowing-date studies were conducted at several locat ions w i th a b road

range of genetic mater ia l (some of wh ich was suppl ied by I C R I S A T ) f r o m di f ferent

phenolog ica l groups.

b. A "best be t " agronomic package ( l ines, sowing dates, densities) for early- and

med ium-ma tu r i ng p roduc t i on systems was chosen and evaluated at several sites.

c. A range of materials was inc luded in a genotypic eva luat ion at a number of sites.

This approach was designed to enable the co l l abo ra t i ng scientists to develop an

unders tand ing of the c r o p , and also to ident i fy genetic mater ia l that met the require-

ments of ex ist ing (or new) c ropp ing systems.

These studies have demonst ra ted that p igeonpea can pe r fo rm wel l in a range of

env i ronments , and that the crop can be incorpora ted in to exist ing c ropp ing systems as

wel l as become a component in new systems. In F i j i , the approach was mod i f i ed by the

ex is t ing knowledge of the crop and its po ten t ia l value as a local ly p roduced subst i tute

for other impor ted pulses for human consump t i on .

Limitations to Production and Adoption of Pigeonpea in Thailand,
Indonesia, and Fiji

As a result of the co l laborat ive research in Tha i l and and Indones ia , the f o l l ow ing

l im i ta t ions have been ident i f ied as requ i r ing fur ther research before adop t ion of

pigeonpea in these countr ies can be expected. S imi lar l im i ta t ions are ant ic ipated to

exist in other countr ies of the region in wh ich pigeonpea is not a t rad i t i ona l c rop .

1. Adaptation to acid soils 

Pigeonpea is widely g rown in Ind ia on neut ra l -a lka l ine soi ls , and relat ively l i t t le

research has been conducted to date in Southeast Asia on adapta t ion to acid-soi l

cond i t ions .

In F i j i , excel lent vegetat ive g r o w t h of p igeonpea can be obta ined on acid soils

w i t h an a l u m i n i u m sa tura t ion of up to 55%. Seed y ie ld has been below expectat ions,

but other l im i ta t ions (c l imat ic , env i ronmen ta l , and disease) may be i nvo l ved .

33



Fur ther research is requ i red in to aspects of adap ta t ion and p roduc t i v i t y of

pigeonpea on the low- fe r t i l i t y , acid soils of Southeast As ia before the potent ia l of the

crop can be fu l ly assessed.

2. Cropping patterns 

Fur ther research is requi red to define suitable p roduc t i on systems in areas where good

potent ia l has been demonst ra ted .

3. Incidence and management of insect pests 

Damage caused by insect pests has been shown to be a major l im i t a t i on to p roduc t i v i t y

and adap ta t i on of p igeonpea, and w i l l l im i t a d o p t i o n of the crop by the smal l farmers

of T h a i l a n d , Indones ia , and elsewhere in the reg ion . Research is therefore required to

determine appropr ia te insect management practices for the smal l farmers of the

reg ion . This is an area where I C R I S A T cou ld he lp . The possibi l i ty of host-p lant

resistance should be evaluated in the region as a pr io r i t y act iv i ty .

4. Incidence and management of diseases 

Stem canker caused by Botryosphaeria xanthocephala is a major p rob lem in p igeon-

pea in F i j i . In Tha i land and Indones ia , disease problems have been relat ively minor to

date, but this favorable s i tuat ion is unl ikely to cont inue.

5. Utilization of the crop and its products 

Pigeonpea is a new crop in many countr ies of Southeast As ia . Thus the plant and its

products are not components of current human or an ima l d iets. The best prospects of

u t i l i z ing pigeonpea as human food may exist in Indones ia , whi le in T h a i l a n d its use as

an ima l feed is more l ike ly . However , the degree of adop t i on in each count ry w i l l

depend upon a number of factors inc lud ing p roduc t i v i t y , sui tabi l i ty for cu l t i va t ion in

specific f a rm ing systems, acceptabi l i ty , and socioeconomic factors.

Use as a locally consumed food. Pigeonpea has relat ively l i t t le po ten t ia l as a human

food source to be consumed local ly in T h a i l a n d . But in Indonesia the s i tua t ion is qui te

d i f fe rent . Pigeonpea has been shown to be a po ten t ia l subst i tute for soybean used in

the p r o d u c t i o n of the fe rmented product " t e m p e h " . In 1980,1.2 m i l l i o n t of soybean

were used in Indonesia for tempeh p r o d u c t i o n .

Potential as an export crop. I nd ia is the major producer of p igeonpea ( a p p r o x i -

mately 9 0 % of to ta l w o r l d p r o d u c t i o n ) . Cur ren t l y only very smal l amounts of p igeon-

pea are t raded on the w o r l d marke t . Consequent ly a realistic pr ice for the p roduc t , i f

t raded in large quant i t ies , is impossible to determine.

No def in i t ive studies on the po ten t ia l of p igeonpea as an expor t crop have been

comp le ted . Th is is a serious def ic iency wh i ch needs to be addressed in the near fu tu re .
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Potential as animal feed. Pigeonpea cou ld enter the diet of either intensively-raised

animals (pigs or pou l t ry ) or as a source of feed for graz ing animals. Considerable

po ten t ia l exists for inc lus ion of pigeonpea in these c o m p o u n d feeds in bo th Indonesia

and T h a i l a n d , p rov ided the price per uni t is compet i t ive w i t h other local al ternat ives.

Before any va l id conclusions are made on the prospects of p igeonpea, the costs of

its p roduc t i on and its value relat ive to other local ly avai lable alternatives must be

matched to its an imal p roduc t i on per formance and its acceptabi l i ty as a feed source.

Proposed Phase II Activities of the ACIAR Pigeonpea Program 

In the second phase of this p r o g r a m , co l labora t ive research is proposed to cont inue in

F i j i , Indones ia , T h a i l a n d , and w i th I C R I S A T , and is to be in i t ia ted w i th the Ind ian

nat iona l p r o g r a m .

In F i j i i t is proposed to cont inue research to determine the factors causing

excessive f lower and pod abscission in some genotypes. In a d d i t i o n , studies w i l l begin

on ident i f i ca t ion of genetic mater ia l resistant to B. xanthocephala, the mode of

inher i tance of this disease, and int rogression of resistance into adapted genotypes.

Studies of aspects of its crop management and of its adapta t ion and produc t i v i t y on

low- fe r t i l i t y , acid soils w i t h h igh a l um in i um satura t ion w i l l also receive emphasis.

In Indones ia research w i l l be cont inued into adap ta t ion and p roduc t i v i t y , par t ic-

u lar ly on the outer islands where low- fe r t i l i t y , acid soils are impor tan t l im i ta t ions to

crop p r o d u c t i o n .

In T h a i l a n d , areas of research include the adapta t ion and product iv i ty of the crop

on l ow- fe r t i l i t y , acid soils of the Nor theast , and appropr ia te con t ro l methods for pests

(and possibly diseases), bo th on and off research centers. In a d d i t i o n , u t i l i za t ion of

pigeonpea as a f o o d , feed, or expor t crop w i l l be eva luated. This w i l l involve an

economic analysis of pigeonpea p roduc t i on in some potent ia l f a rm ing systems. It is

proposed that these studies be carr ied out in co l l abora t ion w i th I C R I S A T .

In Aus t ra l i a detai led studies w i l l cont inue in two major areas, a g r o n o m y / p h y s i -

ology and plant breeding/genet ics. In the plant breeding/genet ics area, studies w i l l

concentrate on develop ing an improved unders tand ing of the inher i tance and her i ta-

b i l i ty of impor tan t characters and their in t rogression into improved genotypes.

Studies w i l l cont inue in the analysis of mu l t i env i ronment adapta t ion in al l co l laborat -

ing countr ies.
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Analysis of Data from Multienvironment Trials

R. Shorter, Queensland Department of Primary Industries, Australia;

D.E. Byth, University of Queensland, Australia; and

V.E. Mungomery, Queensland Department of Primary Industries, Australia

In t roduc t ion

Plant per formance reflects the interplay of genetic and nongenetic factors so that , for

many plant characters, the relat ive per formance of genotypes may vary in di f ferent

env i ronments . This is termed genotype x env i ronment (g x e) i n te rac t ion . As a result of

g x e i n te rac t i on , compar isons of per formance among genotypes are con founded w i th

the test env i ronment .

These mult ienvironment genotype trials are frequently expensive and t ime-consuming.

Ef for ts should be made to extract as much useful i n f o r m a t i o n as possible f r om them.

Deta i led analysis using appropr ia te methodo logy can assist w i th eva luat ion of geno-

typic per formance in such tr ials to provide an expl ic i t summary of results.

The a im of this paper is to consider br ief ly the advantages and disadvantages of

some of the methods that have been used to examine results f r o m these t r ia ls . The

methods considered are as fo l lows .

1. Analysis of variance w i t h i n env i ronments .

2. Character iza t ion of g x e in teract ions.

A. Analysis of variance across env i ronments .

B. Iden t i f i ca t ion of patterns of g x e in teract ions.

a. Linear regression analysis of genotypic responses.

b. Pat tern analysis of genotypic responses.

c. Character iza t ion of env i ronments ' effects.

With in -env i ronment Analysis

I t is no rma l to analyze variance of data f r om ind iv idua l tr ials and to publ ish tables of

genotype means in each env i ronment , together w i th appropr ia te cr i ter ia for detect ing

signi f icant dif ferences. These analyses obviously are requi red for de te rmin ing the

re l iab i l i ty of data f r o m ind iv idua l tr ials and for detect ing differences in genotypic

per formance w i t h i n env i ronments . Such a presentat ion of results, however, does not

readily faci l i tate meaningfu l compar isons among genotypes across env i ronments .

Analysis of Var iance Across Env i ronments

Fac to r ia l exper imenta t ion has led to the stat ist ical pa r t i t i on ing of to ta l va r ia t ion in

mu l t i env i ronmen t tr ials in to components due to ma in effects (genotypes and envir-
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onments) and their j o i n t act ion (g x e in te rac t ion) . In some models env i ronments are

strat i f ied on observable differences such as al t i tude or fer t i l i ty dif ferences.

Genet ic , env i r onmen ta l , and in te rac t ion components of variance obta ined f r o m

these analyses have p rov ided valuable i n f o r m a t i o n on the nature and relat ive magn i -

tude of g x e in terac t ions . This has sometimes led to a more ra t iona l sampl ing of test

env i ronments in fu ture t r ia ls , as wel l as to an unders tand ing of the biases such

interact ions may cause in plant breeding and selection programs.

These stat ist ical procedures have been less useful than in i t ia l ly envisaged for plant

breeders, par t ly because g x e in te rac t ion has been regarded as a stat ist ical c o n f o u n d -

ing factor rather than as an expression of genetic and part ly her i table differences in

genotypic response. These analysis of variance procedures prov ide popu la t i on esti-

mates of g x e in terac t ion var iances, but do not prov ide insight in to the behavior of

specific genotypes or the effects of par t icu lar test env i ronments .

Ident i f ica t ion of Genotypic Patterns

Var ious methods of analysis of mu l t i env i ronmen t t r ia ls have been developed to

overcome the major def ic iency of var iance pa r t i t i on ing methods , i.e., fa i lu re to

character ize the response surface exh ib i ted by a genotype across env i ronments . Two

ma in forms of analysis exist , d ist inguished by whether the techniques describe or

summarize the patterns of response.

Linear regression analyses 

Techniques that describe genotypic response patterns at tempt to characterize g x e 

in te rac t ion in terms of an unde r l y i ng m o d e l . I n te rac t i on sums of squares are p a r t i -

t ioned accord ing to the m o d e l , and descript ive statistics are the basis of compar ison

among genotypes.

Linear regression models have been used widely by p lant breeders and others to

describe the p roduc t i on response of i nd i v idua l genotypes in mul t i env i ronment t r ia ls .

The procedure is based on the regression of genotypic pe r fo rmance , or of g x e 

in te rac t ion effects for the genotype on an index of the test env i ronments .

Wh i l e the l inear regression approach is a power fu l and simple procedure for

describing adaptat ion responses and d iscr iminat ing among genotypes where percentage

l inear i ty is h i g h , this appears to be rarely so. In these circumstances this method of

analysis is i nappropr ia te , relat ively un in fo rma t i ve , and of l i t t le va lue.

Pattern analysis of genotypic responses 

The actual per formance of a genotype across env i ronments can be p lo t ted against an

index of these env i ronments . No under ly ing mode l of genotypic response is assumed.

Dif ferences in response patterns of genotypes to env i ronmenta l change can then be

examined by compar ing these per formance p lo ts .
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Pat tern analysis techniques at tempt to summar ize the actual responses of al l

genotypes across al l env i ronments and so s impl i fy the in te rp re ta t ion p r o b l e m . Cluster

analysis (c lassi f icat ion) has been used to f o r m groups of genotypes that dif fer in mean

per formance and / or in the f o r m of env i ronmenta l response. W i t h i n groups, genotypes

of ten are relat ively homogeneous for mean per formance and response.

The summar ized genotypic-response patterns may be visual ized by p lo t t i ng the

genotype group mean per formance against an env i ronmen ta l index. A l so , responses

of i nd i v i dua l genotypes w i t h i n par t icu lar groups may be p l o t t e d . This process may

assist iden t i f i ca t ion of general and specific differences among and w i th in the responses

of the genotype groups. In in te rna t iona l and na t iona l tr ials such an analysis of

genotypic responses may be a useful t oo l in ident i fy ing p roduc t i v i t y constra ints ,

par t icu lar ly those below g r o u n d .

Characterization of environments 

Interpretation of genotypic response differences. An approach to ident i fy ing factors

that account for differences in genotypic response is to use product iv i ty characterist ics

of env i ronments to ascertain the impor tance of specific env i ronments or sets of

env i ronments . For par t i cu la r ly impo r tan t env i ronments , features that may have

caused the genotypic response differences can be sought. For this to be effect ive, as

much i n f o r m a t i o n as possible should be col lected on the test env i ronments . The

pat tern analysis approach assists the generat ion of hypotheses regard ing aspects of

genotypic adap ta t ion .

Selection of future evaluation environments. Considerable a t tent ion has been

devoted in the l i terature to choice of fu tu re test env i ronments in genotypic eva luat ion

t r ia ls . Var iance pa r t i t i on ing methods can indicate the relat ive impor tance of sampl ing

years, loca t ions , or comb ina t ions of years and locat ions . However , as was the case

w i th genotypic analysis, these methods are relat ively un in fo rmat i ve regarding par t i cu -

lar env i ronments or their effects.

Var ious authors have used the cluster analysis of env i ronments , based on produc-

t iv i ty da ta , to investigate whether there existed reg ional or t empora l env i ronment

groups w i t h i n wh ich relat ive genotypic performances were simi lar .

Other authors have used c l imat ic and soi l factors to cluster env i ronments . L inear-

regression techniques descr ib ing the p roduc t i on response of env i ronments across

genotypes are then appl ied w i t h i n the der ived groups to ident i fy sites that consistent ly

prov ide data by wh ich to d iscr iminate among genotypes.

Genera l Considerat ions

Data summar i za t i on by pa t te rn analysis for ease of i n te rp re ta t ion involves some

conf l ic t w i t h i n f o r m a t i o n re ten t i on . For a number of data sets ana lyzed, the size of the

data ma t r i x was reduced. Thus relat ively more loss of va r ia t i on for g x e interact ions
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occur red . However , in general , differences in the patterns of genotypic response were

m a i n t a i n e d , so i t appears that i n f o r m a t i o n loss f o l l ow ing data reduc t ion may not be

c r i t i ca l . A basic object ive of the analysis is to separate pat tern f r o m "no i se " , i.e.,

systematic f r o m nonsystemat ic v a r i a t i o n . The degree of data reduc t ion by pat te rn

analysis may be var ied to achieve the desired balance between s imp l i f i ca t ion and

i n f o r m a t i o n loss.

In any process of data analysis and i n te rp re ta t i on , cons iderat ion shou ld be given

to the qua l i ty of the data inc luded . S tandard stat ist ical procedures guard against

in appropr ia te inferences by app ly ing p robab i l i t y statements to observed va r i a t i on . In

classi f icat ion procedures used for data summar i za t i on , such probab i l i t y statements

are generally not possible.

Groups , once derived and labe led, may tend to persist even if they are in approp-

r ia te , and this in t u rn may const ra in the development of mean ing fu l insight in to

genotypic adap ta t i on . Poor -qua l i t y data should be excluded f rom the analysis, possi-

bly on the basis of results f r o m w i th in -env i ronment analyses of var iance.

Col labora t ion in Analysis of E n v i r o n m e n t a l Interact ions

Most na t iona l and in te rna t iona l ins t i tu t ions associated w i th crop improvement con-

duct mu l t i env i ronmen t eva lua t ion of genetic ma te r i a l , w i th the object ive of de te rm in -

ing the per formance of the mater ia l in di f ferent env i ronments and of d isseminat ing

that mater ia l to coopera tors . An object ive of A C I A R is to p rov ide , via this meet ing , a 

f o r u m for discussion of ways in wh ich mu l t i env i ronmen t test ing may become a more

del iberate and object ive procedure , and one by wh ich greater i n f o rma t i on of value in

plant improvement can be extracted f r om the results of such a series of t r ia ls .

I t is impor tan t that dup l i ca t i on of investment in mu l t i env i ronment test ing tr ials

by di f ferent organizat ions be avo ided . App rop r i a te agreements for co l l abora t ion in

p lann ing , conduct , and review of such programs are requ i red . Relat ively l i t t le a t tent ion

current ly is d i rected to ensur ing effective data col lect ion and analysis, and the inter-

p re ta t ion of results. There is thus a need for the improved in terpre ta t ion of such

resul ts , wh i ch cou ld lead to more object ive design and conduct of mu l t i env i ronmen t

research. Discussion is requi red to determine ways in wh ich coopera t ion among

ins t i tu t ions in this process can be achieved, perhaps w i th jo in t support f r o m I C R I -

S A T , I R R I , and the A D A B / A C I A R f u n d .
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Grain Legume Production in Bangladesh

M. Matiur Rahman

Bangladesh Agricultural Research Institute (BARI), 

Regional Agricultural Research Station, Ishurdi, Pabna 

I n t r o d u c t i o n

Pulses are impor tan t food crops of Bangladesh. They occupy 0.3 m i l l i on ha , i.e., 2.34%

of the to ta l c ropped area and cont r ibu te about 1.07% of the to ta l gra in p roduc t i on of

the coun t r y . The p roduc t i on target of pulses in the Second Five Year Plan (1980-85)

was f ixed at 476 000 t, and later revised to 300 000 t. Un fo r tuna te l y , the target set for

pulses in the P lan has not been achieved. P r o d u c t i o n decreased by 16%) du r i ng the

decade ending 1981-82, and the t rend is most probably con t i nu ing .

Ch ickpea is the th i rd most impor tan t pulse in hectarage and p r o d u c t i o n , con t r i -

bu t i ng 17% of the to ta l pulse p r o d u c t i o n . Its area has been reduced by 26% and

p r o d u c t i o n by 3 8 % du r i ng the last decade. Pigeonpea is a minor pulse in the count ry

and is se ldom g rown as a sole c rop . G roundnu t is regarded as an oilseed in this

coun t ry , and hence not discussed in this paper.

Coord ina ted research work on six pulse c rops—la thy rus , ch ickpea, l en t i l , black

g r a m , mung bean , and p igeonpea, was in i t ia ted in 1979 under B A R I ' s Pulses

Improvement P rog ramme. I D R C prov ided f inanc ia l support f r o m 1979 for the

research w o r k , labora tory equ ipment , and manpower development. Research l ink-

ages w i th I C R I S A T and I C A R D A have been establ ished, w i t h par t icu lar regard to the

receipt of germplasm and breeding mater ia ls.

The Pulses Improvement P rog ramme of B A R I itself does research on seven pulse

crops ( inc lud ing cowpea) over three seasons a year. A l so , the Bangladesh Inst i tute of

Nuclear Agr i cu l tu re ( B I N A ) does muta t ion -b reed ing work on major pulses, and

Bangladesh Ag r i cu l t u ra l Univers i ty ( B A U ) has done some survey work on the diseases

of pulse crops.

Chickpea

Major constraints to production 

The mean y ie ld of ch ickpea , 680 kg h a - 1 , compares un favorab ly w i th that of Boro rice

(1200 kg ha - 1 ) and wheat (1960 kg ha - 1 ) . Farmers therefore give low p r io r i t y to the

g row ing of ch ickpea.

The f o l l ow ing factors cont r ibu te to poor y ields.

Poor plant stand. The ma jo r i t y of the fa rmers ' f ields have less t h a n o p t i m u m plant

p o p u l a t i o n . Some farmers sow their seed f r o m the end of November to late December
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after harvesting T. Am an rice. They broadcast their seed, so some seeds germinate but

others remain on the top of dry soil and do not germinate or are eaten by birds.

Sometimes the farmers ' seed is badly damaged in storage by fungal diseases. As these

seeds cannot be dist inguished f rom normal seed, their use for sowing contr ibutes to

poor germinat ion .

Lack of improved cultural practices. No standard cu l t i va t ion method, such as those

used for rice or wheat, is available for chickpea. The use of inputs such as i r r igat ion

and fert i l izer results only in luxur ian t vegetative growth w i th fewer pods, inv i t ing

disease and pest attack. Farmers therefore avoid using such inputs, and do no

weeding.

Diseases and pests. Col lar rot has become a major threat, sometimes k i l l ing as many

as 50% of the seedlings. No resistant genotype has yet been ident i f ied. Wi l t and stunt

are also impor tan t diseases. Botryt is has been reported in some years. C u t w o r m

(Agrotis ipsilon) at early g rowth stages, and pod borer (Heliothis armigera) at later

stages, cause substantial damage to the crop.

Nitrogen fixation. Soils in Bangladesh lack n i t rogen- f ix ing rh izobia. This is a 

further reason for low crop yields.

Marketing problems 

Bangladeshi consumers prefer animal protein to pulses. Since the government does

not have a f ixed price policy for pulses, the farmers do not store their produce for long.

Due to its vu lnerab i l i t y to bruchids and fung i , they are compelled to sell it soon after

harvest at a low price. Moreover , as the yield of pulses is low, the farmers benefit l i t t le

f inancia l ly f rom growing pulses.

Progress made 

Research on pulses started in the early 1950s, when it was mostly conf ined to the

col lect ion and evaluat ion of local germplasm. Three varieties of ch ickpea—Sabur 4,

Far idpur 1, and Bhangura 45—were recommended for cu l t ivat ion around 1956-57. In

1979 a mul t id isc ip l inary approach was adopted by BARI in its crop research, and

recently some progress has been made.

Breeding. In 1982 BIN A released a h igh-y ie ld ing and h igh-prote in chickpea variety

named Hyproso la . B A R I has identi f ied a high-yie ld ing line (S1) f rom germplasm

int roduced f rom I C R I S A T in 1981-82; its release is expected soon. BARI ' s genetic

resource unit , in co l laborat ion wi th I C R I S A T , collected about 260 germplasm acces-

sions of chickpea f rom dif ferent parts of Bangladesh in 1984. Six entries selected f rom

the I C R I S A T materials are in advanced stages of testing.

Plant pathology. The BAU Plant Pathology Department has ident i f ied eight dis-

eases of chickpea: wi l t , col lar rot / root rot, bl ight, rust, leaf spot, stunt, leaf bl ight, and

nemic disease (caused by Trichodorus sp).
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B A R I ' s Plant Patho logy D i v i s i o n , after a coun t ryw ide survey of the damage

caused by these diseases, conc luded that w i l t , col lar ro t , and b l ight are the major

diseases of ch ickpea.

Postharvest technology. Staff of B A R I ' s postharvest technology project have sur-

veyed fa rmers ' seed-storing methods and the extent of damage by storage pests and

diseases. They ident i f ied two species of pulse beet le, i.e., Callosobruchus chinensis and

C. maculatus, as the ma in insect pests. They also ident i f ied 15 genera of storage fung i

in ch ickpea.

Cultural management. Staff of B A R I ' s Soi l Science D iv i s ion have conducted fe r t i l -

izer t r ia ls t h roughou t the count ry and have recommended fert i l izer doses on the basis

of so i l - fer t i l i ty level .

Current research 

The Breeding D i v i s i on has already in i t ia ted a hyb r i d i za t i on p r o g r a m in 1984 w i t h

disease-resistant varieties to develop h igh -y ie ld ing , ear ly, disease-resistant, and local ly

adapt ive var iet ies.

The Plant Patho logy D i v i s i on has already developed a wi l t sick plot in its

screening w o r k . The Patho logy and A g r o n o m y Div is ions have j o i n t l y in i t ia ted exper-

iments to m in im ize col lar rot and w i l t . They are also m o n i t o r i n g the incidence and

severity of var ious diseases.

The En tomo logy D i v i s i on is he lp ing the breeders to screen their advanced lines

against pod borer . I t is also survey ing the level of at tack in f a rmers ' f ie lds , and

develop ing a spray schedule by wh ich to con t ro l the borer.

The mic rob io log is ts are t r y ing to develop an i nocu lum for ex is t ing chickpea

var iet ies, sui table fert i l izer doses for increasing the eff iciency of the i n o c u l u m , and are

also screening advanced lines for better n o d u l a t i o n .

The A g r o n o m y D iv i s ion is conduc t ing exper iments on di f ferent methods of

p lan t i ng for the improvement of p lant stands. They are also t r y i ng to develop approp -

r iate seed rates for the farmers who plant chickpea up to late December.

The O n - F a r m Research D i v i s i on ( O F R D ) is he lp ing the breeders test their most

p romis ing lines in fa rmers ' f ie lds. Staff of the postharvest technology project are t r y ing

to develop a low-cost container for s tor ing seeds, to reduce b ruch id and funga l

damage.

B A R I has developed s t rong l inks w i t h I C R I S A T . The Breeding D i v i s i o n regu-

lar ly receives ge rmp lasm, segregating mater ia ls , and advanced l ines, and selects suita-

ble genotypes. S im i la r l y , the Patho logy and En tomo logy Div is ions are also receiving

w i l t - , bo t ry t i s - , and Heliothis-resistant nurseries. Ear l ier , B A R I received some kabu l i

mate r ia l f r o m I C A R D A that was found to be unsui ted to the env i ronment in

Bangladesh.
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Proposed research 

Breeding research w i l l focus on deve lop ing variet ies that are to lerant of col lar rot and

resistant to w i l t , having h igh y ie ld and early ma tu r i t y . This work w i l l also include the

breeding of varieties suitable for late sowing .

On the research s ta t ion , the m a x i m u m yield obta ined was 4800 kg h a - 1 , whereas

farmers ' yields average 680 kg ha - 1 . To min imize this huge gap, cu l tu ra l management

exper iments w i l l get top p r io r i t y .

Large-scale p roduc t i on of i nocu lum w i l l be under taken for d i s t r i bu t i on among

the farmers. The search for HeIiothis-resistant varieties w i l l cont inue.

A large-scale survey of the soi l -nutr ient status of the ch ickpea-growing area, and

more fert i l izer t r ia ls , w i l l be done in order to prepare recommended fert i l izer inpu ts .

Pigeonpea

Pigeonpea is a minor crop in Bangladesh, g rown in 1.3% of the to ta l pulse area, w i t h

an average yield of 666 kg ha - 1 . I t is planted in A p r i l / M a y along w i th rice or mi l le t . I t

requires about 300 days to ma tu re . Its area and p roduc t i on is on the decl ine. Being a 

minor c rop , i t has received l i t t le at tent ion f r om researchers.

Only recently have some efforts been made to in t roduce postrainy season ( rabi )

p igeonpea. A t ime-o f -sowing exper iment has shown that September is the o p t i m u m

time for sowing this c rop . The crop requires 135 days to mature . The y ie ld po tent ia l of

exper imenta l lines has been found to be about 1500 kg ha - 1 . But they are prone to pod

borer in fes ta t ion . At least three sprayings are required to con t ro l this pest, much to the

displeasure of farmers.

Since September is the o p t i m u m sowing t ime, i t w i l l be d i f f icu l t to in t roduce this

crop into ex is t ing c ropp ing pat terns. The only op t i on w i l l be to in t roduce i t as a mixed

crop w i th black gram or mung bean. Our fu ture research work w i l l be focused on these

opt ions .

Production Technology from All India

Pulses Improvement Project

S. Chandra

Directorate of Pulses Research, Indian Council of Agricultural Research 

Systematic and concerted research work on pulses started w i th the incept ion of the A l l

Ind ia Coord ina ted Pulses Improvement Project ( A I C P I P ) in 1966. W i t h its network

of 28 research centers si tuated in var ious agroecological zones of the coun t r y , its work

has helped in unders tand ing the basic prob lems l im i t i ng pulse p r o d u c t i o n in the
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coun t ry , and in developing eff icient varieties and their related agrotechnology that are

capable of doub l i ng present p roduc t i on levels.

Varietal Improvement

Disease resistance 

Real iz ing the fact that t rad i t i ona l varieties of pulses are not only poor yielders but

highly vulnerable to many lethal diseases, the major emphasis in A I C P I P ' s work was

on disease-resistance breed ing. Na t i ona l programs were in i t ia ted to ident i fy diverse

donor parents and to test the yield potent ia l of disease-resistant varieties of various

crops. Consequent ly , several varieties resistant to such major diseases as wil t and

ster i l i ty mosaic of p igeonpea, and ascochyta bl ight and wi l t of ch ickpea, have been

deve loped. Farmers therefore now have avai lable a choice of varieties of pigeonpea

suitable for g row ing in di f ferent zones of Ind ia that have resistance to a range of

diseases, w i t h average yields between 1.7 and 2.3 t ha - 1 . S im i la r l y , there are four

recommended varieties of chickpea that are resistant to wi l t (1.8-2.1 t ha - 1 ) , and four

that are resistant to ascochyta bl ight (2.0-2.3 t ha - 1 ) .

Early maturity 

Breeding for early matur i t y cont inues to be a thrust area in pigeonpea research. Many

early ma tu r i ng var iet ies, such as U P A S 120, M a n a k , Sagar, Pusa 84, 1CPL 87, and

I C P L 1 5 1 , w i t h a yield potent ia l of about 2 t ha - 1 , have been bred . When sown by the

end of June , these genotypes vacate the f ield by early November , and faci l i tate t imely

sowing of other crops, e.g., wheat. As a result , a pigeonpea-wheat ro ta t ion has become

very popular in nor thern Ind ia .

High yields 

Besides disease resistance a n d early matur i t y that offer stabi l i ty of p r o d u c t i o n , breed-

ing efforts are consistent ly made to develop h igh-y ie ld ing var iet ies. There are two

variet ies of pigeonpea that have been recommended for their h igh yields in var ious

zones (1.7-1.8 t ha - 1) and 12 varieties of chickpea (1.7-2.8 t ha - 1 ) .

Produc t ion Technology

The role of legumes in sequent ial c ropp ing w i th cereals in the n i t rogen economy and

to ta l p roduc t i v i t y has been wel l documented . On average, pulses in ro ta t i on econom-

ize the equivalent of 30-40 kg of n i t rogen ha - 1 for the f o l l o w i n g cereal c r o p , depending

upon the level of management (Table 1). However , not al l legumes have an equally

beneficial effect on the succeeding cereal.
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Table 1. Energy saving through nitrogen economy by different legumes.

Preceding

leguminous crop

Chickpea

Chickpea

Pigeonpea

Succeeding

crop

Maize

Pearl millet

Wheat

N economy

(kg ha-1)

56-68

40

40

Energy saving

(J ha-1) x 108

45-54

32

32

Intercropping

In the Nor th Plains West Zone, under i r r igated condi t ions, early pigeonpea + black

gram and early pigeonpea + mung bean wi th un i fo rm- row sowing proved more

product ive and efficient than other combinat ions. S imi lar ly , in the Central and

Peninsular Zones, sorghum/pear l millet / g roundnut + pigeonpea combinat ions under

paired-row sowing were found to be most efficient under rainfed condi t ions. Finger

millet + pigeonpea in Karnataka has also been found to be quite remunerat ive. In the

Nor th Plains East Zone, so rghum/ma ize + pigeonpea under paired-row sowing gave

better yields than sole cropp ing.

Dur ing the postrainy (rabi) season, chickpea-based in tercropp ing, such as chick-

pea + mustard in the Nor th Plains East Zone, and chickpea + safflower / linseed in the

Peninsular Zone, have been found highly attractive in compar ison wi th sole chickpea.

Production inputs 

Studies on the relative con t r ibu t ion of product ion inputs in the last 3-4 years have

conclusively shown that efficient weed management and fert i l izer use are most impor-

tant , both for rainy-season (khar i f ) and postrainy-season (rabi) pulses. In the case of

pigeonpea, efficient weed management increased product iv i ty by 39% over the con-

t r o l . Fert i l izer was next in order of impor tance. Further, there was a synergistic effect

when weed management, fert i l izer use, and plant protect ion were combined.

In the case of chickpea, fert i l izer use (18-46-0) was found to be the most impor tant

input, fo l lowed by weed management. In the absence of fert i l izer, the yield declined by

35.6%, and wi thout weed management by 27.3%.

At Rahur i , Gulbarga, Dho l i , and Sehore, appl icat ion of a ful l dose of fert i l izer

(18-46-0) to pigeonpea and no fert i l izer to the intercrop proved more prof i table than

fert i l izer appl icat ion to both the component crops. At Badnapur, Kanke, and Vara-

nasi, app l icat ion of half of the recommended dose to both the crops proved highly

efficient.

Supplemental irrigation 

Recent exper iments on the effect of i r r iga t ion on product iv i ty of pigeonpea and

chickpea revealed that one i r r igat ion to early pigeonpea at the bud /pod development

stage, on an average, increased grain yield by 34% over the cont ro l . S imi lar ly , in the

case of chickpea one i r r iga t ion at the f lower ing stage increased yield by 23% over the

cont ro l .
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Plant Protection

Chemical control of insect pests 

Studies on the relative efficacy of var ious chemicals and pesticides of plant or ig in have

revealed that, if chickpea and pigeonpea are sprayed at their f l ower ing stages, the

chemicals are quite effective against major pests. Neem-seed kernel and neem-leaf

extracts have proved as effective as chemical insecticides.

A m o n g spraying equipment used and tested, the ULV appl icator has been found

to be the most efficient and easy to handle.

Biological control 

Parasites and predators of insect pests of var ious pulse crops have been ident i f ied. The

appl icat ion of nuclear polyhedrosis virus along w i th half the dose of insecticide has

proved to be effective against the Heliothis pod borer, especially in peninsular India.

Pest avoidance and host-plant resistance 

Insect-ecological studies have helped to ident i fy and exploi t the host-avoidance phe-

nomenon. Demonst ra t ions showed that borer damage can be reduced considerably by

man ipu la t i ng the host-avoidance phenomenon. By the t ime the pod borer attains its

popu la t i on peak, the pigeonpea variety Bahar reaches pod matur i ty and thereby

avoids damage. Similar var ietal features exist in a number of other genotypes.

Disease management 

Effective and cheap methods of cont ro l of certain diseases have been evolved. Seed

treatment w i th fungicides at 2 g kg-1 seed has been found quite effective against such

seed- and soi lborne diseases as wi l t , root rot, and dry root rot.

Priorit ies in Research

Response of pulses to high inputs such as i r r i ga t i on , fer t i l izer, high plant density,

etc.

Ident i f i ca t ion of suitable plant types for high plant density, and tolerance of

sal ini ty, drought stress, water logg ing, a lka l in i ty , and low fer t i l i ty .

• The sympodia l habit is advantageous in h igh-y ie ld ing legumes such as soybean and

faba beans. Research is required to establish if this character can be t ransferred to

pulses th rough genetic engineering.

Examina t i on of genetic dormancy in seed, as well as the factors in f luencing the

expression of pro l i f ic i ty in major pulse crops.

• Ag roc l ima to log i ca l factors in relat ion to instabi l i ty of yield in pulses. Cold toler-

ance has special signif icance in chickpea and late pigeonpea.
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• Soil-water-plant relationships in relation to different stages of plant growth and

yield.

• Phosphate solubilization, and the synergistic effect of mycorrhiza in association

with rhizobia.

• Nitrogen fixation ; specificity and efficiency in different environments.

• Efficient partitioning of nitrogen and dry matter.

• Nutri t ional quality and antinutritional characteristics.

• Genetics and cytogenetics of important traits.

• Development of a breeding methodology suitable for different environments and

for disease and pest control.

• Ecological aspects of pests and diseases in relation to environmental factors and

plant types.

Groundnut Research in India

T.P. Yadava

Directorate of Oilseeds Research, Indian Council of Agricultural Research 

I n t roduc t ion

G r o u n d n u t p roduc t i on in Ind ia accounts for 3 9 % of the crop's g loba l area and 2 9 % of

the wo r l d p r o d u c t i o n . Abou t 7.3 m i l l i on t (1983-84) of g roundnut is produced in Ind ia

f r o m 7.6 m i l l i on ha . Ind ia stands seventh in the wor ld in g roundnut p roduct iv i ty (953

kg ha - 1
) , and the crop accounts for 4 0 % of India's annual oilseed p r o d u c t i o n .

The Di rec tora te of Oilseeds Research in i t ia tes, coord inates, and plans research

activi t ies in g roundnu t na t iona l l y . There are 18 g roundnu t research stations and many

coopera t ing centers th roughou t the country 's g roundnu t -g row ing areas. The Na t iona l

Research Centre on G r o u n d n u t has been establ ished at Junagadh . I t is main ly

engaged in the maintenance of germplasm and conduct ing basic research.

Groundnu t is cu l t ivated in Ind ia dur ing the ra iny season (khar i f ) as wel l as dur ing

the postrainy (rabi) season.

Rainy-season Groundnut

Breeding and genetics 

Germplasm evaluation and maintenance. This is the responsibi l i ty of the Na t i ona l

Research Centre on Groundnu t that serves as a nat iona l repos i tory . I C R I S A T ' s

Genetic Resources Uni t has become a p r imary source of germplasm for the Centre.

M o r e than 10000 l ines, wh ich have been screened for var ious economic characters, are

widely avai lable for research and development .
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Improved varieties. S ix ty-one improved varieties have been released, and are

recommended for var ious agroc l imat ic zones w i t h i n I nd ia . An add i t iona l 12 geno-

types are at the f ina l stage of test ing.

Agronomic research 

In the ra iny season about 9 2 % of the crop is g r o w n under ra in fed cond i t i ons . I t grows

wel l in areas receiv ing 500-1000 mm of we l l -d is t r ibu ted annual r a i n f a l l . T h r o u g h the

A l l Ind ia Coord ina ted Research Project on Oilseeds ( A I C O R P O ) a workab le agro-

p r o d u c t i o n techno logy, cover ing many aspects of g roundnu t , has been evo lved .

Precise recommendat ions are avai lable for sowing t imes, seed rates and spac ing,

nut r ient app l i ca t i on , i r r i ga t ion requi rements, and in te rc ropp ing .

Seventy-eight fa rmers ' adopt ive tr ials were conducted for demons t ra t ion pur-

poses in the 1982 rainy season. In these tr ia ls the average increase in y ie ld var ied f r o m

10% (Kad i r i ) to 8 3 % ( L u d h i a n a ) . D u r i n g 1983, 19 f ie ld tr ials were conducted in wh ich

yie ld increase ranged f r o m 20 .6% in the A l i ya rnagar region to 9 8 % in Ludh iana

reg ion . In the La tu r area farmers obta ined y ie ld increases rang ing f r o m 45.7 to 85.7%.

Pathological research 

Diseases such as leaf spot , rust , and bud necrosis are economical ly s ign i f icant . Early

leaf spot (Cercospora arachidicola) and late leaf spot (Phaeoisariopsis personata), 

either singly or together, can cause 15-50% loss in pod y ie ld . However , in severe

infect ions y ie ld losses of up to 7 0 % , caused by comb ined attacks of fo l iar diseases,

have been recorded. Bud necrosis disease occurs th roughou t the count ry and yield loss

w i l l be to ta l i f young plants (up to 50 days) are in fec ted . Recently repor ted yield losses

caused by this disease in seven distr icts of A n d h r a Pradesh alone were est imated at Rs

45 m i l l i o n .

Foliar diseases. In I n d i a , late leaf spot is current ly p redominan t in bo th seasons. The

disease usual ly appears 10-18 days after ge rm ina t i on . It is established that the fungus

survives in p lant debris in the soi l and is also seedborne. As the secondary spread takes

place t h rough w indborne con id ia , disease spread could be checked by the use of

effective fungic ides.

Rust (Puccinia sp) is widespread in I n d i a , and the crop is susceptible at any stage

of g r o w t h . Research a imed at developing resistant cul t ivars against rust is more

advanced than research into leaf spots, and a number of resistant sources have been

repo r ted . A t temp ts are being made at I C R I S A T , as wel l as at cer ta in A I C O R P O

centers, to transfer resistance f r o m several w i l d species in to the cu l t ivated g roundnu t ,

and certa in advanced lines have been b red .

Seed and seedling diseases. In the pre-emergence ro ts , the diseases have been found

to or ig inate f r o m infect ions already present in the seed at sow ing , or f r o m direct

invas ion of the seed or seedling by fung i establ ished in the so i l . C o l l a r r o t (Aspergillus 

niger) and af laroot (A. flavus) are the most c o m m o n postemergence seedling diseases

of g roundnu t . Recommendat ions for fung ic ida l seed t reatments have been deve loped.

50



Virus diseases. In I nd i a , eight v irus diseases have been recorded under na tu ra l

cond i t i ons . But only three are considered to be of economic impor tance : tomato

spot ted wi l t v i rus ( T S W V ) , peanut mot t le v irus ( P M V ) , and peanut c lump vi rus

( P C V ) .

Recent studies show that the major i t y of viruses repor ted earlier on g roundnu t

are strains of T S W V , wh ich is mechanical ly sap- t ransmi t ted . Thr ips (Frankliniella 

schultzei and Scirtothrips dorsalis) are the t ransmission agents. Recommendat ions for

con t ro l l i ng T S W V , by adop t ing cu l tu ra l practices such as date of sow ing , in te rc rop-

p i n g , and plant spacing, have been developed at I C R I S A T Center.

Peanut mot t le v irus causes up to 6 0 % yie ld loss. This disease is a p h i d - and

seed-t ransmit ted. Use of virus-free seed is one of the best con t ro l measures.

Peanut c lump v i rus , t ransmi t ted by the fungus Polymyxa graminis, is present in

the sandy and sandy loam soils of some states of Ind ia . In screening exper iments ,

several germplasm lines have been iden t i f i ed , and breeding for resistance is in

progress.

Entomological research 

The g roundnu t c rop is subjected to attack by a number of insect pests f r o m sowing to

s torage. Losses caused by pests have been increasing in recent years, possibly due to

over lapp ing cu l t i va t ion seasons. It is est imated that annua l losses caused by insect

pests are about Rs 1600 m i l l i o n (US$ 133 m i l l i o n ) . The major g roundnu t pests in the

f ie ld are leaf m iner , wh i te g r u b , t h r i ps , a p h i d , and jassids, a n d , in s torage, rus t - red

flour beet le, g roundnu t seed beet le, rice m o t h , saw-toothed gra in beet le, and f i g m o t h .

Research by A I C O R P O includes survey and survei l lance, iden t i f i ca t ion of resistant

genotypes, breeding for insect resistance, and insect ic idal tr ials for chemica l c o n t r o l .

L ines have been ident i f ied by I C R I S A T scientists that are resistant to jass ids, t h r i ps ,

and leaf miner . These are be ing tested in the breeding programs at many A I C O R P O

centers.

Postrainy-season G r o u n d n u t

The area under postrainy-season g roundnu t du r ing the last decade has almost

d o u b l e d . But there are constra ints to p roduc t i v i t y that l im it y ie lds. These are: the

nonava i lab i l i t y of varieties that are h igh-y ie ld ing , ea r l y -matu r ing , thermoinsens i t ive,

and responsive to h igh doses of nu t r ien ts ; the inadequate maintenance of plant

popu la t i ons ; problems of n i t rogen f i x a t i o n , par t icu lar ly in rice fa l lows; attack by leaf

m ine r /webbe r , Spodoptera sp, and rust ; the poor avai lab i l i ty of such mic ronut r ien ts

as i r o n , z inc, su l fur , and m o l y b d e n u m ; shortages of i r r iga t ion water; and the loss of

seed v iab i l i ty in postrainy g roundnut p roduce.

AICORPO research achievements on postrainy-season groundnut 

Evolution of high-yielding groundnut varieties. Pr ior to 1980 there were no g r o u n d -

nut varieties specially bred for postrainy-season cu l t i va t i on . Acco rd ing l y , early-
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matu r i ng bunch var iet ies, wh ich were being g rown du r i ng the rainy season, were

poo led and evaluated for postrainy-season use. Subsequent var ieta l recommendat ions

are K a d i r i 3 , GG 2, I C G S 1 1 , R S H Y 1, and Co 1 in di f ferent zones. A l l these cul t ivars

have h igh-y ie ld ing po ten t ia l and possess such excellent qual i ty characters as h i gh -

shel l ing percentage, h igh 100-kernel mass, h igh percentage of sound mature kernels,

and h igh o i l content . A d d i t i o n a l l y , I C G S 44 has been recommended for adopt ive

t r ia ls .

Agronomic practices. In recent years tr ials have been conducted to work out

recommended agronomic practices w i th regard to o p t i m u m plant densi ty, sowing

t i m e , nut r ient requ i rements , the iso la t ion and use of suitable Rhizobium s t ra ins,

schedul ing of i r r i g a t i o n , and postharvest management of postra iny produce to ma in -

ta in seed v i ab i l i t y , etc. I t was recommended that K a d i r i 3 shou ld be sown in the last

week of September to the 1st week of October in the Telengana region of A n d h r a

Pradesh. S im i l a r l y , i t was recommended that postra iny-season g roundnu t should be

sown in early December in no r the rn Ka rna taka . Sowing postrainy-season g roundnut

at close spacing was found to improve yields. Postrainy-season g roundnut responded

wel l to n i t r ogen , phosphorus , and f a rmya rd manure . However , a h igh cost-benefi t

ra t io was obta ined w i t h the lowest dose of phosphorus . I r r i ga t i on tr ials p roved that 11

i r r i ga t i ons , evenly d is t r ibu ted du r i ng the c rop -g row th p e r i o d , gave the highest g o o d -

qual i ty pod y ie ld .

Rap id loss of seed v iab i l i ty in the produce of postrainy-season g roundnu t is a 

major p r o b l e m . It has been suggested that , in h igh -humid i t y areas, seed should be

stored in poly thene bags.

(Edi tor 's no te . The fu l l paper includes a statement of the fu ture strategies for g round -

nut research in India.)

Grain Legume Production in Indonesia

Sumarno, S. Somaatmadja, and B.H. Siwi

Bogor Research lnsitute for Food Crops, and Central Research 

Institute for Food Crops, Indonesia 

I n t r o d u c t i o n

The impo r tan t g ra in legumes g r o w n in Indonesia are soybean, g roundnu t , and mung

bean. Pigeonpea is st i l l a m inor c r o p , and ch ickpea is not c o m m o n . Due to the smal l

size of l andho ld ings , farmers do not no rma l l y regard gra in legumes as being major

c rops . Th is means that most of Indonesia 's g ra in legume crops are sown du r i ng the

off-season or on marg ina l l a n d .
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The average yields f r om grain legumes remain low: 0.9 t ha - 1 for soybean, 0.9 t 

ha - 1 for g r o u n d n u t , and 0.51 h a - 1 for mung bean. No data are available for p igeonpea.

In 1984, Indones ian farmers harvested a to ta l of 522 000 t of g roundnu t (dr ied

g ra in ) . In the past 5 years, Indonesia has impor ted between 7000 and 63 000 t of

g roundnu t a year, and has expor ted smal l quant i t ies (1000-4600 t ) . G roundnu t has

received l i t t le extension a t ten t ion . Despite th is , the government p roduc t i on target is

724 000 t for 1988, a 3 9 % increase over present p roduc t i on levels.

The Cent ra l Research Ins t i tu te for Food Crops ( C R I F C ) , Bogor , is responsible

for gra in legume research in Indones ia . C R I F C coordinates six research inst i tutes in

di f ferent locat ions in the coun t ry . G roundnu t research is conducted in co l l abo ra t i on

w i th such agencies as A C I A R , I C R I S A T , the As ian Rice Fa rm ing Systems Ne two rk

coord inated by I R R I , and I D R C .

G r o u n d n u t

Major constraints to production 

Use of low-yielding varieties. Nine improved groundnut varieties have been released

in Indonesia (f ive of them since 1983), that cover 4 0 % of the groundnut -harvested

area. The improved varieties require o p t i m u m management and adequate inputs to

yield w e l l . As these are of ten not ava i lab le , the improved varieties f requent ly y ie ld less

than the local ones. This discourages the farmers. The C R I F C breeding strategy is to

use both local and improved varieties in a hyb r id i za t i on p r o g r a m , and to select lines

that are adapted to fa rmers ' management levels.

Poor seed supply and quality. It generally takes more than 5 years for new varieties

to become common ly used. The mu l t i p l i ca t i on of g roundnut seed is relat ively s low,

whi le the seed rate per hectare is h i gh . A seed p roduc t i on and d i s t r i bu t i on pol icy is

therefore needed.

Inadequate crop management. G roundnu t competes for management and inputs

w i th the major staple crops as wel l as w i th higher-value cash crops. Land prepara t ion

is usually m in ima l and l i t t le fert i l izer is app l ied .

Pests and diseases. Rust (Puccinia sp) and b r o w n leaf spot (Cercospora sp) are the

most c o m m o n diseases of g roundnut in Indones ia . The est imated y ie ld losses range

f r o m 25% to 50%. Only the new variet ies, Rusa and A n o a , are to lerant of these two

diseases.

V i rus diseases are f requent ly observed but the yield loss, in most cases, is insignif-

icant . Bacter ia l wi l t (Psueudomonas solanacearum) is not a p rob lem in fa rmers ' f ields

where crop r o t a t i o n , i nvo lv ing nonhost crops, is prac t iced. The improved g roundnut

variet ies released are resistant to bacter ia l w i l t . Other diseases include sclerot ia l b l ight

(caused by Sclerotium rolfsii), gapong (causal agent u n k n o w n ) , other funga l diseases,

and nematodes.

53



Insect pests do not appear to be a major constra int but research a t ten t ion is

needed on the leaf rol ler (Stomopteryx subsecivella), Plusia chalcites, Spodoptera 

litura, and Lamprosema indicata. 

Drought . G roundnu t f requent ly experiences d rought stress as i t is o f ten p lanted in

the dry season after the rice harvest. No effort has yet been made to breed drought -

to lerant variet ies.

Intercropping. On d r y l a n d , g roundnu t is generally in tercropped w i th other taller

food crops, such as cassava and maize. Shad ing up to 3 0 % by these other crops reduces

groundnu t y ie ld . Variet ies suited to such condi t ions are not avai lable.

Planting on marginal land. The g roundnu t area is being expanded on red-yel low

podsol ic soils outside Java ; but yields are low because of nutr ient deficiencies of the

soi l .

Nonagronomic constraints. A l t h o u g h g roundnu t is a cash crop w i th a reasonably

stable and h igh pr ice , farmers do not grow it as a ma in c rop . One reason may be the

smal l size of f a rms , fo rc ing subsistence farmers to grow their staple food crops on most

of their l a n d . The widely scattered d i s t r i bu t i on of g roundnu t farms makes extension

w o r k and the supply of seed and fert i l izer d i f f i cu l t .

Progress of research 

Research on g roundnu t at C R I F C is under way in the discipl ines of ag ronomy, plant

breed ing , plant pa tho logy , en tomo logy , phys io logy, f a rm ing systems, soc ioeconom-

ics, and postharvest technology. In a t tempt ing to raise crop p roduc t i v i t y , a t tent ion is

focused on var ieta l adaptab i l i ty and yield s tabi l i ty .

Five g roundnu t varieties developed by C R I F C have been released since 1983.

These are to lerant of rust disease and bacter ia l w i l t , y ie ld 1.8-2.1 t h a - 1 , and mature in

a round 100 days.

Recent research has shown that med ium- inpu t levels can marked ly improve

groundnu t y ie lds. Deep cu l t i va t i on (20-30 cm) before p l a n t i n g , for instance, increased

yields by 19%.

A l t h o u g h most fert i l izer studies in g roundnu t show no response, i t seems that in

poor soils the response to fert i l izer can be large. On poor red-yel low podsol ic soi ls, for

instance, med ium rates of fert i l izer raised g roundnu t yields by as much as 5 1 % . L i m i n g

also raised g roundnu t yields on red-yel low podsol ic soi ls. In general , var ieta l screening

shows that g roundnu t is surpr is ingly to lerant of acid soi ls.

The pre l im inary results of var ieta l screening for disease resistance have revealed a 

number of lines resistant to either leaf spot or rust disease.

Current research 

Varietal improvement. Segregat ing popu la t ions of improved genetic mater ials are

d is t r ibu ted among C R I F C insti tutes for fur ther test ing and select ion.
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Agronomy. I m p r o v i n g fa rmers ' cu l tu ra l practices and c ropp ing systems is emphas-

ized in C R I F C ' s agronomy research on g roundnu t . Research covers fe r t i l i za t ion w i t h

m a c r o - a n d microelements, l im ing on acid soi ls, i r r i ga t i on , and spacing.

Plant pathology research focuses on the most impor tan t diseases of g roundnu t :

Cercospora leaf spot, rust , v i rus , and bacterial wi l t diseases.

Entomology researchers are a t tempt ing to ident i fy pests that may be associated w i t h

g roundnu t seeds.

Collaborative research with other institutions 

A number of co l laborat ive projects are being carr ied out between C R I F C ' s inst i tutes

and var ious fo re ign ins t i tu t ions . A disease survey has been in i t ia ted in co l l abo ra t i on

w i th A C I A R . At two of the sites, the in t roduced varieties were heavi ly damaged by

bacter ia l w i l t . In the other four locat ions this disease caused less damage, but the local

varieties per fo rmed better than the in t roduced l ines. At all six sites, al l the g roundnut

lines were infected by peanut mot t le v i rus . This research is con t inu ing .

W i t h fund ing f r o m I D R C , var ie ta l y ie ld tests are being conducted in associat ion

w i th the As ian Rice Fa rm ing Systems Ne two rk , coord inated by I R R I .

Proposed research 

Research w i l l focus par t icu lar ly on o p t i m u m crop management for marg ina l land w i th

acid soils and low fe r t i l i t y , and on breeding for h igh yields and resistance to Cercos-

pora leaf spot , rust , and v i rus .

Pigeonpea

The to ta l annua l p r o d u c t i o n of this crop is est imated at only about 50 t of dry seed. Its

ma in use is as human f o o d . Loca l varieties are perenn ia l , 1-2 m t a l l , and profusely

b ranch ing . They are harvested after about 8 mon ths . No major pests or diseases have

been repor ted .

Considerable potent ia l for pigeonpea exists in Indonesia, especially in the drier

eastern is lands, and in r o ta t i on w i t h other crops such as c o t t o n . Pigeonpea cou ld

prove to be an acceptable subst i tute for soybean in people's diets. This is especially

relevant if we consider that Indonesia current ly impor ts about 400 000 t of soybean

each year.

Research progress since 1983 

C R I F C has been co l l abo ra t i ng w i t h A C I A R and I C R I S A T since 1983 in p igeonpea

research on var ieta l adap ta t ion /y ie ld tests, popu la t i on studies, water management ,

and o p t i m u m sowing dates.
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The highest y ie ld obta ined f r o m these tr ials has been 2.5 t h a - 1 . In most cases,

however, yields have been low (0.4-1.0 t ha - 1) due to insect damage and viruses.

A m o n g the entries f r o m I C R I S A T , ICPL 155 and I C P L 312 yielded up to 2.5 t ha - 1

under fu l l pest con t ro l and i r r i ga t i on . The maintenance of p lant spacing, pests (Helio-

this sp and Maruca sp), and diseases (bacter ia l w i l t , steri l i ty mosaic v i rus , and

mycoplasm) are the major constraints to higher yields.

Proposed research 

Research is required w i th regard to : crop management on marg ina l l a n d ; pest man-

agement; c ropp ing systems invo lv ing pigeonpea; and var ieta l y ield test ing.

A A R D / Q D P I Groundnut Improvement in Indonesia

(ACIAR Project 8419)

M.J. Bell, K.J. Middleton, R. Shorter,

Queensland Department of Primary Industries, Australia 

S. Sadakin, and M. Machmud

Bogor Research Institute for Food Crops, Indonesia 

I n t roduct ion

Despite the impor tance of g roundnut in the diet of many Indonesians, p roduc t ion of

the crop is less than the demand and yields are low by in ternat iona l standards. In

a d d i t i o n , there has been a move to expand groundnut p roduc t ion in areas outside

Java , as a response to changing pr ior i t ies in agr icu l tu ra l research and development

after self-sufficiency in rice has been achieved.

Y ie ld constraints have been ident i f ied in three b road categories, w i th the research

effort in each of these areas in teract ing to achieve a du rab le , satisfactory reso lu t ion of

those const ra in ts . These categories are genetic adapta t ion and breed ing, crop agron-

omy and water use, and plant pa tho logy . The research w i l l prov ide a sound basis for

breeding improved g roundnut cul t ivars and the development of appropr ia te agro-

nomic and disease management systems in Indones ia . A more detai led unders tanding

of factors in f luenc ing ecophysio logical adapta t ion of g roundnut w i l l benefit g round -

nut improvement programs and p roduc t ion in countr ies th roughout the tropics and

subtropics.

This project is seen in a complementary role to the research programs being

carr ied out by nat ional and in ternat iona l inst i tutes. I t is hoped that close co l labora t ion

w i t h these other programs w i l l al low the research resources of this project to make

signif icant cont r ibu t ions to g roundnut -y ie ld improvement , bo th in Indonesia and

other areas, w i thou t dup l i ca t ion of ef for t .
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Proposed Research

General

The research activit ies associated w i th the groundnut improvement project are con-

sidered in two ways. These are (a) to assess the yield potent ia l of local and in t roduced

germplasm in Indonesia and identi fy y ie ld - l im i t ing factors (e.g. , n u t r i t i o n , cu l tu ra l

pract ices, or diseases), and (b) to investigate aspects of crop adaptat ion and disease

management.

The f irst area of research w i l l be conducted almost entirely w i th in Indones ia , w i t h

extensive col laborat ive research between Indonesian and Aust ra l ian scientists. It is

desirable that this research be undertaken in consul ta t ion w i th other research bodies

active w i th in Southeast As ia , so that the experience, expert ise, and materials available

w i t h i n those bodies can be u t i l i zed.

The second area of research, crop adapta t ion , involves activi ty in bo th Aust ra l ia

and Indones ia . Improved cult ivars developed in one region of the wo r l d are of ten

tested in other areas to see if they ou tper fo rm local cul t ivars. Thus crop adapta t ion is a 

research area of par t icu lar impor tance for efficient and successful i n t r oduc t i on of

germplasm w i th improved yield potent ia l .

Indones ian c ropp ing systems may not faci l i tate the use of disease management

techniques c o m m o n in developed countr ies, so the in fo rmat ion necessary to imp le ­

ment acceptable techniques wi l l be sought.

Applied research in Indonesia 

Groundnu ts are current ly g rown in a complex range of monocrop and in tercrop

s i tuat ions. The aims of the p rog ram are to bo th intensify p roduc t ion w i t h i n exist ing

areas, and to assist in the development of groundnut p roduct ion in new areas

throughout the count ry .

Research towards these goals w i l l be developed in i t ia l ly in two specific areas.

These are (a) to characterize dif ferent p roduc t ion environments ( in terms of physical

a t t r ibutes, c ropp ing systems, i r r i ga t ion po ten t ia l , etc.), assess factors other than

genotype that may l imi t y ield in those env i ronments, and determine research pr ior i t ies

for overcoming those yield l im i ta t i ons ; and (b) to use serial sowing-date studies w i th

local and in t roduced germp lasm, to collect data on crop g rowth and development and

f ina l yield under " n o n l i m i t i n g " condi t ions w i th respect to variable inputs such as

fer t i l izer , fungic ides, and i r r i ga t i on . Subsequent research w i l l use results f r om bo th

sources to investigate pract ical agronomic and genotypic options for groundnut yield

improvement .

Factors already ident i f ied as being of impor tance in l im i t ing Indonesian yields

include n u t r i t i o n , diseases, moisture stress and plant popu la t i on . Research into these

areas w i l l in i t ia l ly be a long the fo l l ow ing l ines.

Nutr i t ion. The pr imary objective in this area is to determine which nu t r i t i ona l

factors l imi t p roduct iv i ty in part icular regions or cropping systems.
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Diseases are considered to be one of the most serious constraints to g roundnut

p roduc t i on . Yet accurate assessment of their impact on y ie ld , or even tho rough

character izat ion of the causes of some diseases, are lack ing . This work w i l l be under-

taken , and appropr iate strategies for disease management evaluated.

Drought stress. Groundnu t in Indonesia is g rown under vary ing degrees of drought

stress. Hydro log ic mode l ing w i l l be under taken using ex is t ing cl imat ic records (where

avai lable) , to ident i fy di f ferent p roduc t i on systems w i th respect to mois ture avai lab i l -

i ty , and fur ther research w i l l be under taken to determine op t ima l agronomic inputs

under var ious condi t ions.

Plant population. Op t ima l plant popu la t ions are l ikely to vary for di f ferent produc-

t ion env i ronments ; a n d , as seed represents a large p ropo r t i on of var iable costs for

groundnut p roduc t ion in Indones ia , determin ing the y ie ld -popu la t ion response for

various environments is of considerable impor tance.

Fundamental research in Indonesia and Australia 

Extensive col lect ions of g roundnut lines exist in various centers th roughout the w o r l d ,

and active breeding programs for y ie ld improvement are already under way. However ,

for the eff icient breeding of cul t ivars w i th h igh-y ie ld potent ia l for par t icu lar sets of

env i ronmenta l and cu l tu ra l cond i t ions , detai led knowledge of the range of physio logi -

cal responses w i th in exist ing germplasm to part icu lar factors characterist ic of those

envi ronments is needed. Fundamenta l research w i l l be under taken in Aust ra l ia and

Indonesia in the fo l l ow ing three areas.

Cultivar adaptation. The effects of r ad ia t i on , p h o t o p e r i o d , and temperature on

groundnut g row th and phenology are impor tan t in cul t ivar adap ta t i on , and therefore

need to be invest igated to assist w i th the breeding of cul t ivars for part icular ecological

zones. The approach w i l l involve (a) a de f in i t i on phase, in wh ich the range of

genotypic responses to a set of env i ronmenta l regimes is s tud ied; (b) a detai led study of

responses of a def ined subset of genotypes to specific env i ronmenta l challenges and

agronomic pract ices; and (c) an at tempt to model plant g row th and development.

Detai led fundamenta l studies in the f ie ld have already begun.

Drought stress and crop yield. Research in this component of the p rogram wi l l

ut i l ize i n f o rma t i on generated f r om research by I C R I S A T and other nat iona l and

in ternat iona l inst i tut ions regarding genotypic var ia t ion in drought-stress to lerance,

and w i l l seek to identi fy mechanisms that contr ibute to this tolerance. These studies

w i l l be carr ied out in greenhouses, and in the f ie ld w i t h ra in shelters. Subsequent f ie ld

studies w i l l evaluate a range of agronomic opt ions that w i l l al low m a x i m u m yield

development for cul t ivars w i th di f ferent degrees of stress to lerance, and for dif ferent

t im ing and du ra t i on of stress. The latter can be selected for di f ferent env i ronments

based on the results of the hydro logic mode l ing process.
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Diseases and crop yield. Virus diseases found to cause signif icant yield losses wi l l

require basic invest igat ion to determine possible ways of reducing incidence or lessen-

ing their impact. If necessary, genetic resistance wi l l be investigated and ut i l ized.

Indonesia is one of the two countries where bacterial wi l t is a serious problem in

groundnut . The background level of resistance currently available in Indonesian

cult ivars must be maintained. To do this requires an understanding of the pathogen

and inheritance of bacterial wil t resistance, together wi th access to the sources of

resistance available.

Foliar diseases (leaf spot and rust) may have a greater impact on the yield of

Indonesian groundnuts than is presently realized. The effect of disease cont ro l should

be investigated experimental ly using fungicides, and this in format ion should be used

to fo rm decisions on the need for disease resistance in the cultivars grown.

Conclusions

To make signif icant long-term gains in crop product ion , we believe that a holistic

approach to c rop- improvement research is of considerable benefit. It is for this reason

that much of the adaptive research to be carried out in Indonesia is dependent on the

ident i f icat ion of y ie ld - l im i t ing factors under specific cropping systems and condi t ions.

The approaches chosen for research into specific problems wi l l be determined after

detailed consul tat ion wi th appropriate specialists or research programs.

This project presents an oppor tun i ty to evaluate groundnut performance across a 

wide range of genotypes and environments, and to provide detailed in fo rmat ion

necessary for efficient breeding and selection of cultivars for part icular target envir-

onments that exhibi t specific challenges to yield achievement. The data generated

f rom this col laborat ive research program, combined with data f rom other studies, wi l l

be used to evaluate or expand exist ing dynamic crop-growth models, or begin the

development of a predict ive-yield model if necessary. A l though a f inal fundamenta l

model w i l l not be achieved dur ing the course of the project, it is hoped that, by its

conclus ion, development wi l l have reached a stage where some val idat ion and assess-

ment of the predictive capabilit ies of the model wi l l be possible. The impl icat ions of

model development for research in other areas are considerable.
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The CGPRT Centre and Grain Legumes

J.W.T. Bottema

Economic and Social Commission for Asia and the Pacific, 

Regional Coordination Centre for Research and Development of Coarse Grains, 

Pulses, Roots, and Tuber Crops, Indonesia 

In t roduct ion

The Regional Coo rd i na t i on Centre for Research and Development of Coarse Gra ins ,

Pulses, Roots and Tuber ( C G P R T ) Crops in the hum id tropics of Asia and the Pacif ic

was establ ished in 1981 as a subsidiary body of the Economic and Social Commiss ion

for Asia and the Pacif ic ( E S C A P ) of the Un i ted Na t ions . In 1983, the C G P R T Centre

moved to Bogor, Indonesia.

Because of l im i ted resources, the Centre has in i t ia ted only a modest research

program since 1983, of wh ich one component fal ls d i rect ly w i t h i n the scope of this

Review and Planning Meet ing for As ian Regional Research on Gra in Legumes, and of

wh ich f ive components bear a direct re la t ion to the theme of gra in legumes develop-

ment . In accordance w i th the Centre's mandate , the studies are socioeconomic in

nature , a l though agronomic elements are not exc luded.

Study of the Potent ia l for Pigeonpea in Indonesia ,

T h a i l a n d , and B u r m a 

This study is funded by the Aust ra l ian Development Assistance Bureau ( A D A B ) and

explores the potent ia l for development of p igeonpea, tak ing agronomic and economic

factors in to account. The study is being carr ied out by an interdiscip l inary team f rom

the Universi ty of Queensland.

The Soybean C o m m o d i t y Systems in Indonesia

This study was completed in October 1985, and the report is in press. The study

analyzes the development of soybean in Indonesia as a commod i t y , u t i l i z ing m ic ro -

economic as wel l as macroeconomic data and methods of analysis. Ma jo r constraints

are ident i f ied : seed supply, fa rmers ' incentives in re lat ion to government po l icy , and

marke t i ng . It is concluded that the objective of a t ta in ing self suff ic iency, a l though

commendab le , may not be achieved w i th in a short pe r i od .

Socioeconomic Studies on Soybean-based F a r m i n g Systems

at Vi l lage Level in Indonesia

Farmers ' bookkeep ing methods have been studied in order to gain insight into the f low

of money, goods, and labor w i t h i n the vi l lage economy. The major objective is to

60



ident i fy the pos i t ion of the present major cash crop of soybean in re lat ion to con-

straints at household and vil lage level in a general sense.

Farmers ' and household decisions w i l l be evaluated against alternatives in order

to arr ive at an overview of household pr ior i t ies.

Study of Soybean Yield-gap Analyses in Indonesia

The objective of this study is to compare farmers ' use of inputs , and the yields they

achieve, w i th potent ia l attainable yields on- farm and on research stat ions. After

comp le t i on of the explorat ive phase, on- fa rm trials and research may f o rm part of the

study. F ina l l y , recommendat ions for improved technology and input levels w i l l be

made w i th in the f ramework of the soybean product ion development p rogram

Studies of Constraints to Increased Product ion and Product iv i ty

of Selected Crops in Selected Asian Countries

The first phase of these studies has been completed. It included a study of the supply

and demand of selected crops, inc lud ing soybean, maize, and lentils in seven As ian

countr ies. In the second phase microeconomic i n fo rmat ion wi l l be collected on a 

number of relevant crops. The study is funded by the U N D P and F A O w i th in the

f ramework of the R A S / 8 2 / 0 0 2 p rog ram.

Study of the D e m a n d for Selected Crops in Indonesia

and Bangladesh

A demand study for human consumpt ion as wel l as an imal feed has been carried out in

Indones ia , using secondary as wel l as p r imary data. The purpose of the study is to

assess the v iabi l i ty of p roduc t ion systems, based on the projected demand for soybean,

maize, and other secondary crops. The study in Bangladesh is expected to be f ina l ized

in 1986.

Summary

The C G P R T Centre, f o l l ow ing its research programs on p roduc t ion systems,

demand /supp ly , and marke t ing , plans to ini t iate regional research programs that are

sectoral and more macroeconomic in nature. A program on C G P R T and nu t r i t i on has

already star ted.

The Centre's resources and capacity have expanded since 1983. Presently, the

core staff of the Centre numbers four economists and one agronomist ; addi t ional ly the

Centre ut i l izes, where possible and appropr ia te , nat iona l consultants in its study

projects. The Centre remains actively interested in the f ield of gra in legumes. In
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genera l , the Centre fo l lows a pol icy of coopera t ion and of shar ing resources w i t h

nat iona l and in te rna t iona l agr icu l tu ra l research centers, as wel l as w i t h other ins t i tu -

t ions invo lved in similar act iv i t ies.

(Edi tor 's note: N o t summarized.)

Summary Information on the FAO / UNDP

Project RAS / 82 / 002

B.H. Siwi

Central Research Institute for Food Crops, Indonesia 

Project RAS / 82 / 002 - T C D C , for the Research and Development of Food Legumes

and Coarse Grains in the tropics and subtropics of As ia , is a UNDP - f u n d e d project

executed by F A O .

Objectives

The long- te rm objective of countr ies par t ic ipa t ing in the project is to substantial ly

increase the p roduc t i on of f ood legumes and coarse grains in the t ropics and subt rop-

ics of As ia , in order to br idge the gap between the g row ing demand and the p roduc t ion

of these crops. The operat ional objectives are as fo l lows.

• To establ ish, in the spir i t of Technica l Coopera t i on among Deve lop ing Countr ies

( T C D C ) , a cooperat ive network among the par t ic ipa t ing countr ies in the tropics

and subtropics of As ia , that produce coarse grains and food legumes, to support

and promote nat iona l research and development programs.

• To establish in t rareg iona l count ry - to -count ry assistance programs on a T C D C

basis for the support of na t iona l f ie ld-or iented and act ion programs related to plant

breed ing, ag ronomy, b io log ica l n i t rogen f i x a t i o n , integrated pest management,

and seed p roduc t i on .

• T h r o u g h ne twork ing to improve and disseminate k n o w n technologies for adop t ion

by cooperat ing countr ies ; to establish network contacts where they are nonexistent ;

and to intensify and expand the extension services in countr ies hav ing development

programs concerned w i th the p roduc t ion of coarse grains and food legumes.

• To undertake in-depth analyses of socioeconomic constraints to p roduc t i on and

d i s t r i b u t i o n , and to evolve strategies to explo i t economic, employment , and nu t r i -

t i ona l potent ials of coarse grains and legumes, w i th in dif ferent fa rm ing systems.
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N a t i o n a l Coord inat ion

The Centra l Research Inst i tute for Food Crops ( C R I F C ) at Bogor, Indonesia, serves

as the Project headquarters, and the Director of C R I F C has been designated as

Project Coord ina to r .

In 1983 cooperat ing governments were approached, th rough F A O / U N D P repre-

sentatives, to nominate a nat ional coord inator . These coordinators were asked to act

as the foca l point for Project activit ies at the nat iona l level , and to establish na t iona l

coo rd ina t i on committees to review the activities and progress in related research and

development p rograms. By December 1985 10 countries (Bangladesh, Indones ia , the

Republ ic o f Ko rea , Laos P D R , Nepa l , Pak is tan, the Phi l ippines, Sri L a n k a , T h a i l a n d ,

and V ie tnam) had nominated nat ional coordinators and/or na t iona l commit tees.

Ind ia may also j o i n the network , and is l ikely to designate a nat ional coord inator .

Five wo rk i ng groups concerned w i th maize, legumes, b io logica l n i t rogen f i xa t i on

( B N F ) , integrated pest management ( I P M ) , and seeds have been establ ished. These

w o r k i n g groups have reviewed the present status of research and development , i nden-

t i f ied constraints and research pr ior i t ies, and made proposals for ac t ion .

Constraints in Development

Development of food legumes and coarse grains is constrained by numerous factors,

many of wh ich are of a socioeconomic nature, related to p roduc t i on , consump t i on ,

u t i l i za t i on , or marke t ing . The scarcity of reliable and comprehensive i n f o rma t i on on

food legumes and coarse grains calls fo r i n -dep th studies of all these aspects, as wel l as

of the ma in food grains in most developing countries of the region. E S C A P has been

subcontracted to undertake studies of the socioeconomic impl icat ions of these crops.

The in i t ia l focus was on maize and soybean in Southeast As ia , and on two or three

pulses in South As ia .

Technical Cooperat ion and Tra in ing

The areas of technical cooperat ion among the par t ic ipat ing countries have been

ident i f ied . They include the f o l l ow ing .

• Exchange of germplasm.

• Exchange of rh izob ia l strains.

• Var ie ty tr ials w i t h maize and soybean under different agrocl imatic condi t ions and

of sufficient du ra t ion to identi fy suitable cult ivars for different zones.

• Reg iona l t ra in ing on seeds, Rhizobium, and integrated pest management, to

strengthen staff expertise in cooperat ing countr ies.

• Workshop(s ) on improved seed p r o d u c t i o n , postharvest hand l ing and prevent ion

of losses, germplasm management and u t i l i za t ion , inc lud ing regional var ietal test-

i n g , rh izob ia l technology, integrated pest management, and socioeconomic

aspects.
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The exchange of germplasm has been in i t ia ted among several par t i c ipa t ing

countr ies. A germplasm catalog for the disseminat ion of i n fo rmat ion to par t ic ipat ing

countr ies is under p repara t ion . Based on this ca ta log , specific activit ies in germplasm

exchange by ind iv idua l countr ies w i l l be strengthened.

Regional var ieta l tr ials of soybean in di f ferent agroecological condi t ions are

being organ ized. S im i la r l y , in the case of maize and Rhizobium s t ra ins, mater ia l is

being col lected for regional test ing. I t was agreed to in i t ia te tr ials on mung bean,

so rghum, chickpea, and other selected coarse grains and legumes.

A regional t ra in ing course on seed technology, to t ra in manpower to meet the

demand for ski l led personnel , was organized in A p r i l - M a y 1985 in the Phi l ippines at

the In ternat iona l T ra in ing Centre on Seed Technology.

Regional t ra in ing programs on Rhizobium technology, improved maize produc-

t i o n , and techniques for screening against diseases, inc lud ing viruses, are p lanned.

These t ra in ing courses have been ident i f ied in co l labora t ion wi th N i f T A L , B I O T R O P ,

C I M M Y T , I R R I , and I I T A .

A proposal for the design of seed-drying faci l i t ies that are relevant to vi l lage-level

cond i t ions , and involve locally available mater ia ls , is being considered in Tha i land in

co l labora t ion w i th the As ian Inst i tute of Techno logy, and in the Phi l ippines w i th the

Regional (Asian) Ne twork for Agr i cu l tu ra l Mach inery .

A workshop on germplasm management and u t i l i za t i on , in cooperat ion w i th

I B P G R and I C R I S A T , is also p lanned . I C R I S A T has indicated its wi l l ingness to

organize a t ra in ing p rog ram on specific aspects of its mandate crops, in co l l abora t ion

wi th project act iv i t ies. Detai led terms of reference are under p repara t ion . S imi la r ly ,

Project staff are in teract ing w i th the I A E A w i th a view to arranging co l labora t ion on

specific aspects of the Project's act ivi t ies.

(Edi tor 's note: N o t summarized.)

Grain Legume Production and Problems in Nepal

A . N . Bhattarai

Agronomy Division, Department of Agriculture, Khumaltar, Nepal 

I n t roduct ion

Legumes are impor tan t crops in Nepa l , bo th in terms of their con t r i bu t i on to human

nu t r i t i on and as components of an indigenous c ropp ing system for improv ing soi l

fe r t i l i t y . They are g rown on 216 700 ha and the na t iona l p roduc t ion is 90 200 t (1983

data) .

A m o n g the impor tan t legumes g rown in the count ry are l en t i l , grass pea, chick-

pea, horse g r a m , soybean, black g r a m , and pigeonpea. Chickpea comprises 1 6 . 1 % ,

pigeonpea 6.0%, and groundnut 1.9% of the to ta l legume crop p roduc t i on in Nepa l .
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Organization

The Na t i ona l Gra in Legume Improvement Program ( N G L I P ) deals w i th the research

and development p rog ram of al l the f ie ld legume crops except g roundnu t . In N e p a l ,

the Na t i ona l Oilseed Development Program ( N O D P ) has been given a mandate to

work on oilseed crops, such as Brassica spp, l inseed, sesamum, and g roundnu t . The

Nepal Vegetable Ghee Factory has a capacity requirement of 20 000 t of g roundnut per

a n n u m .

A long- te rm master p lan for the legume program has been fo rmu la ted . I D R C has

agreed to support and strengthen legume research efforts in Nepal for 2 years in i t ia l l y .

The U S A I D - s u p p o r t e d Agr icu l tu ra l Research and Product ion Project w i l l provide

some in f ras t ruc tura l and t ra in ing faci l i t ies.

Cropping patterns (by region) 

Tarai

1. Rice / l e n t i l o r /+ chickpea or /+ grass pea.

2. Rice-r ice/chickpea or /+ lent i l or /+ grass pea.

3. Pigeonpea, alone in western uplands, and rice + pigeonpea on bunds.

4 . Groundnu t - fa l l ow .

Inner Tarai

1. Rice-(chickpea or lent i l or grass pea) + mustard-maize.

2. Rice + pigeonpea on bunds-wheat.

3. Maize-chickpea + mus ta rd / l en t i l .

4. Maize + g roundnut - fa l low.

Hills

1. Rice + soybean or black gram on bunds-wheat.

2. Maize + soybean or black gram or horse g ram.

3. Maize + g roundnut - fa l low.

Research capabilities 

There is considerable scope for strengthening research capabil i t ies. There are 15

test ing stations and 6 cropping-system sites in different parts of the count ry . More

than 12 farming-system sites are planned to be established w i th in 5 years. The N O D P

has some in f ras t ruc tura l faci l i t ies that need to be strengthened. The legume program

has to develop its in f ras t ruc tura l facil i t ies at its headquarters and the main subcenters.

Manpower

A l l the discipl ine-based divisions are located at Khumal ta r . Most of them have some

research officers wo rk ing on legume crops. The microb io log ica l laboratory has about

10 research workers who are wo rk ing on legume crops part ia l ly or fu l ly . The N G L I P
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itself has four core research of f icers, two each at Khuma l ta r and Parwan ipur . There

are f ive scientists w o r k i n g in the N O D P and they work main ly on Brassica in winter

and groundnut in summer.

Training

Tra in i ng oppor tun i t ies for the research workers have been very l i m i t e d . Only one

researcher f r o m Nepal has been t ra ined in gra in legumes at I C R I S A T .

Linkages with international institutes and other aid-giving bodies 

F A O had rendered assistance to the N O D P . U S A I D - a i d e d pro jects, such as the

Integrated Cereals Project ( I C P ) , have prov ided some nomina l help for the legume

p r o g r a m . Now I D R C has offered to support the legume research p rog ram. The

Ag r i cu l t u ra l Research and P roduc t i on Project ( A R P P ) , funded by U S A I D and

started in 1985, is p lann ing to prov ide some in f ras t ruc tu ra l faci l i t ies at the proposed

headquar ters . The W o r l d Bank had prov ided some in f ras t ruc tu ra l faci l i t ies at the

headquarters o f N O D P .

There has been close contact w i th IRRI under the As ian Rice Fa rm ing Systems

N e t w o r k . However , Nepal 's contact w i t h I C R I S A T has been weak un t i l recently. Our

ch ickpea, p igeonpea, and g roundnut programs have been receiving various materials

f r o m this Ins t i tu te . Some I C R I S A T scientists have visi ted Nepa l , and some Nepalese

scientists have visited I C R I S A T on study tours and to attend conferences.

We are par t ic ipa t ing in the in ternat iona l crop testing p rog ram of I C A R D A . Un t i l

now, the Nepalese legume p rog ram has not been strong enough to obta in fu l l benefit

f r o m in ternat iona l insti tutes and donor agencies.

Regional cooperation 

I R R I ' s As ian Rice Fa rm ing Systems Network has taken some helpfu l steps to increase

regional coope ra t i on . I t provides t r ia l sets of g roundnut and other legumes to par t i c i -

pa t ing countr ies. P romis ing varieties or materials f r om various countr ies and interna-

t iona l insti tutes are inc luded in this t r i a l . Nepal is t ry ing to establish a direct l ink w i th

Ind ia , Pak is tan , and Bangladesh for the exchange of promis ing mater ia ls.

M a j o r Constraints in Product ion

Rice, maize, and wheat are considered the ma in crops in Nepa l , and legume crops as

secondary crops. G r o u n d n u t , ch ickpea, and pigeonpea are g rown under rainfed

cond i t ions , generally in less-fertile soils. Farmers pay less at tent ion to the cu l t i va t ion

of these crops than to tend ing their ma in crops. However , w i t h low wheat pr ices, and a 

recent rise in the price for pulses, chickpea is receiv ing more at tent ion than before and

its area of cu l t i va t ion is increasing. The major constraints in increasing p roduc t i on

and yield of these crops are as fo l lows .
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Groundnut

• Lack of organized marke t ing and price incentives.

• L a c k of a recommended technology fo r h igh yields.

• Disease at tack par t icu la r ly by cercospora leaf spots, roo t ro t , and v i r a l diseases.

• L o w pH in the hi l ls.

Chickpea

• Lack of a recommended technology for growing irrigated chickpea.

• Disease attack, particularly wilt , botrytis, root rot, and insect attack, especially pod

borer.

• Litt le care traditionally given to the cultivation of this crop.

Pigeonpea

• No recommended technology fo r improved p roduc t i on .

• P o d f l y and borer damage.

• L i t t l e care g iven to the cu l t i va t ion of this c rop.

• Ster i l i ty mosaic v i rus disease.

Progress M a d e Since 1983

A long - te rm proposa l f o r the establ ishment of a wel l organized N a t i o n a l G r a i n

Legume I m p r o v e m e n t P r o g r a m has been prepared. The research p r o g r a m f o r each

c rop is go ing to be expanded f r o m 1986. F o r oilseed crops, such as g r o u n d n u t , a 

l ong - te rm p r o g r a m and a proposal f o r I D R C assistance is being p lanned.

Groundnut. E a r l y - m a t u r i n g I C R I S A T varieties (e.g., I C G S 35, I C G S 36, and I C G S

37) have been ident i f ied as better yielders than the recommended var iety B-4. These

variet ies have g iven 20-50% higher yields t han B-4 and are being mu l t i p l i ed and

popu la r i zed .

Chickpea. The loca l selections D h a n u s h and T r i shu l are st i l l h o l d i n g promise bu t

these variet ies have smal l seeds. Three others have shown promise and are proposed

f o r release, f o l l owed by three more under selection. M a l o r a n ( ® ) 1.5-2.0 kg ha - 1 a. i . has

given perfect con t ro l o f weeds in chickpea and lent i l w i t hou t tox ic effects.

Pigeonpea. S o w i n g p igeonpea as a w in te r c rop is a new development and cou ld

produce up to 1 t ha - 1 .

Curren t Research

Groundnut. Coo rd ina ted var ie ta l t r ia ls , p lan t p ro tec t ion t r ia ls , fer t i l izer t r ia ls , and

c u l t i v a t i o n t r ia ls are under way at the na t i ona l level. Na t i ona l ins t i tu t ions are cooper-
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at ing w i t h I C R I S A T in var ie ta l test ing and I R R I i s conduc t ing reg iona l research

tr ia ls .

Chickpea. Coo rd ina ted var ie ta l t r ia ls , p lan t -p ro tec t i on t r ia ls , and weed-con t ro l

t r ia ls are under way at the n a t i o n a l level . I C R I S A T nurseries are used and there is

co l l abo ra t i on i n I C A R D A t r ia ls .

Pigeonpea. Loca l -mate r ia l t r ia ls are under way at Nepa lgun j . Research on I C R I -

S A T mater ia l f o r summer and w in te r seasons is also in progress.

Proposed Research

There w i l l be emphasis on deve lop ing h igh-y ie ld ing and disease-resistant variet ies of

ch ickpea, g r o u n d n u t , and p igeonpea. The prospects of breeding a p igeonpea fo r

g r o w i n g after ear ly rice w i l l be invest igated. Coopera t ive p rograms w i t h I C R I S A T ,

I R R I , and I C A R D A w i l l be con t i nued f o r var ie ta l and other test ing o f these three

crops. Howeve r , lack o f t ra ined manpower and good in f ras t ruc tu ra l faci l i t ies hamper

research.

Grain Legume (Chickpea and Pigeonpea) Production

and Problems in Pakistan

Bashir A. Malik

Pakistan Agricultural Research Council (PARC), Islamabad 

Chickpea

Pakistan 's requ i rement f o r ch ickpea d u r i n g 1985-86 is est imated to be about 562 000 t.

A t the est imated c o n s u m p t i o n rate o f 4.2 kg per cap i ta per a n n u m , p r o d u c t i o n is

expected to fa l l s l ight ly shor t o f requi rements. As Pakistan's popu la t i on is increasing

at the rate of 3% per a n n u m , ch ickpea p r o d u c t i o n w o u l d also have to increase at the

rate o f 3% per a n n u m , to ma in ta i n cur rent consump t i on levels.

Ch ickpea p r o d u c t i o n d u r i n g 1984/85 was 524 000 t, ob ta ined f r o m 1 014 000 ha,

an increase of 9% in area over 1983/84. The increase in p roduc t i on was n o m i n a l (0.4%)

due to p ro longed d rough t . The p roduc t i v i t y and p r o d u c t i o n o f ch ickpea determines

the ava i lab i l i t y o f other pulses in the coun t ry .

Research status 

Despi te the v i t a l impor tance o f ch ickpea in Pak is tan , the c rop has n o r m a l l y been

associated w i t h p o o r soi ls, p o o r people, and ra in fed agr icu l tu re . L a c k o f research
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suppor t f o r ch ickpea deve lopment in the past has resulted in the nonava i l ab i l i t y o f

h igh -y ie ld ing , disease- and insect-resistant variet ies, lack of t ra ined manpower , l i te ra -

tu re , funds , and i n f o r m a t i o n .

Efforts to improve production 

The imp rovemen t of ch ickpea y ie ld levels to equal those of cereal crops may no t be

possible because of the "ca lor ic penal ty" , i.e., p roduc t i on of a un i t of p ro te in requires

about twice the number of calories required fo r a un i t of carbohydrate.

C o u n t r y w i d e exper iments have indicated three possibi l i t ies f o r increasing p r o -

d u c t i o n : (a) as a m o n o c r o p in ra infed areas; (b) as an in tercrop or compan ion c rop in

ra in fed areas; and (c) as a catch crop in i r r igated areas.

Research f o r mater ia ls w i t h h igher-y ie ld ing po ten t ia l , possessing bu i l t - i n to ler -

ance of d r o u g h t , pests, and diseases, suitable fo r ra infed f a r m i n g , and fo r i npu t -

responsive lines fo r integrated f a r m i n g , is in progress and w i l l be the ma jo r component

of reg ional co l l abora t ion . W i t h the increasing avai labi l i ty and v iab i l i t y o f the neces-

sary ge rmp lasm, i t should now be possible fo r p lant breeders in Pakis tan to select

h igh-y ie ld ing cul t ivars to suit d i f ferent agrocl imat ic condi t ions.

Research capabilities and linkages 

Chickpea research in Pak is tan operates at t w o levels, i.e., federal and p rov inc ia l .

Ch ickpea research is integrated t h rough a Cooperat ive Research P r o g r a m headed by a 

N a t i o n a l Coo rd ina to r .

Estab l ishment of research and p roduc t i on l inkages at na t iona l and in te rna t iona l

levels are impera t ive . L inkages are prov ided at the na t iona l level t h rough the N a t i o n a l

Coord ina ted Research P r o g r a m on Gra in Legumes in Pakistan. S im i la r l y , excel lent

l inkages cur ren t l y exist w i t h regional and in ternat iona l centers, such as I C R I S A T ,

I C A R D A , and A C I A R .

M a j o r Constraints i n P roduc t ion

Physical p roduc t i on constraints are as fo l lows.

• Unre l iab le ra in fa l l .

• M a r g i n a l soi l types.

• P o o r cu l t i va t i on practices.

Techno log ica l p roduc t i on constraints are a lack of the fo l l ow ing .

• Sui table cu l t ivars.

• Recommended cu l t i va t ion practices.

• Ef fect ive pest management.

• I n p u t supplies.

• Ef fect ive technology transfer.

• T ra ined scient i f ic manpower .
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Economic p r o d u c t i o n constra ints are as fo l l ows .

• Inadequate resource a l locat ions.

• Lack of labor .

• Inadequate credi t .

• Inadequate t ranspor t and marke t i ng faci l i t ies.

Current Research

Chickpea breeding and agronomy, 1983/84 

Five thousand accessions o f desi and k a b u l i ch ickpea f r o m I C R I S A T have been

evaluated f o r seven d i f ferent characters. On the basis of these data , 43 lines that

showed better- than-average agronomic per formance were selected fo r p re l im inary

y ie ld t r ia ls d u r i n g 1983/84. As many as 199 lines were selected f o r breeding and were

ut i l ized in the hybr id i za t ion p r o g r a m fo r the genetic improvement o f y ie ld components .

Other t r ia ls concerned off-season chickpea, fe r t i l i t y , i nocu la t i on , advanced-

generat ion y ie ld , na t i ona l u n i f o r m y ie ld , desi ch ickpea in mu l t i l oca t ions , kabu l i

ch ickpea y ie ld , and the effect of trace elements on chickpea phys io logy and y ie ld .

Chickpea pathology during 1983/84 

Germplasm screening for ascochyta blight. At N A R C , 3360 lines out of 4548

received f r o m I C R I S A T were screened f o r ascochyta b l igh t resistance under a r t i f i c ia l

disease cond i t ions .

National and international chickpea screening nurseries for blight resistance. O u t of

70 test entries on ly 2 were f o u n d to be free f r o m p o d in fec t ion , and on ly 1 was free f r o m

seed in fec t ion .

In the in te rna t iona l k a b u l i ch ickpea screening nursery, 42 ou t of 60 test entries

were rated as res is tan t / to le ran t . In the i n te rna t i ona l desi, l a te -matu r ing ch ickpea

screening nursery f r o m I C R I S A T , ou t of 50 test entries none was rated as 1-3 in the 1-5

scale. In the na t i ona l ascochyta b l i gh t ch ickpea nursery , ou t o f 306 entr ies none was

rated as 1-2, bu t 6 were rated as 3.

I n the in te rna t iona l ch ickpea roo t r o t / w i l t nursery f r o m I C R I S A T a t N A R C , the

r o o t r o t / w i l t was n o t severe in the seedl ing stage, bu t the disease was more severe in

phase I I . O u t of 60 entries tested, 3 were considered as res is tant / to lerant .

At Faisa labad i t was f o u n d tha t w i l t , p redominan t l y caused by Fusarium spp, and

r o o t r o t also lessen the y ie ld o f the ch ickpea c rop drast ica l ly . The p r o b l e m is more

severe w i t h i nd i v i dua l farmers in specific f ie lds.

Chemical control of chickpea blight. C h l o r o t h a l o n i l (Dacon i l® ) at the rate of 1.5 kg

ha - 1 a. i . increased y ie ld by 6 2 % over the con t ro l .
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The nematode problem. D u r i n g the 1983/84 season t w o cu l t ivars were f o u n d show-

i ng symp toms o f p o o r p lan t g r o w t h , ye l l ow ing o f fo l iage, and general s tun t ing . On

u p r o o t i n g , several r o o t knots were observed. The specimens were ident i f ied as

Meloidogyne incognita. I t is the f i rst repor t of nematode on chickpea in Pak is tan.

Chickpea pathology during 1984/85 

Germplasm evaluation for resistance to ascochyta blight. A hundred and n inety-s ix

ch ickpea lines among the I C R I S A T mater ia l selected as resistant / t o l e ran t to asco-

chy ta b l igh t d u r i n g 1983/84 were replanted in the 1984/85 win ter season and were

tested against b l igh t . None of the lines was rated as 1-3.

National / internat ional ascochyta blight screening nurseries. Three nurseries have

been screened. In one, no l ine out of 442 was rated as 1-2. In a nursery f r o m I C A R D A

35 entries showed res is tant / to lerant reactions against b l ight . A n d in a nursery of

ea r l y -ma tu r i ng desi chickpeas f r o m I C R I S A T , no res is tant / to lerant lines were no ted .

Screening of breeding material. T w o hundred and twenty- f ive F4 popu la t ions

obta ined f r o m N A R C breeders were tested against b l ight . There was wide va r i a t i on

between resistance and suscept ibi l i ty.

Entomological work during 1983/85 

Studies on host -p lan t resistance of chickpea germplasm lines against Heliothis a rm ig -

era were in i t ia ted in the 1983 / 84 season. Popu la t i on studies w i t h the aid of pheromone

traps showed tha t the H. armigera p o p u l a t i o n started r is ing f r o m the 1st week of

M a r c h 1985 and reached a m a x i m u m level in the 2nd week of A p r i l 1985. A f te r tha t ,

t r ap catches g radua l l y dec l ined. Studies were also in i t ia ted to investigate the extent of

paras i t ism of H. armigera larvae by its active parasite Campoletis chlorideae. 

Proposed Research Approaches and Problems Faced in Research

The aspects of research tha t require a t tent ion by nat iona l as wel l as regional co l labora­

t ive research and p roduc t i on programs are as fo l lows.

• L o w p roduc t i v i t y .

• Seed ava i lab i l i t y .

• Sui table genotypes f o r in te rc ropp ing and monoc ropp ing .

• C r o p management ,

• R h i z o b i u m .

• Seedl ing v igor and ear ly establ ishment.

• Diseases (ma in l y ascochyta and the w i l t complex) .

• Insect pests (ma in l y p o d borer and bruch id) .

• C u l t i v a t i o n and postharvest mechanizat ion.
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• Inef f ic ient i r o n u t i l i za t i on .

• Suscept ib i l i ty to l o w temperatures at ge rm ina t i on .

Pigeonpea

No separate area and p r o d u c t i o n statist ics o f p igeonpea have been recorded in

Pak is tan . I t i s g rouped together w i t h pulses. The h igh - ra in fa l l areas o f n o r t h e r n

Pun jab , N o r t h - W e s t F ron t i e r P rov ince , and K a s h m i r have good po ten t ia l f o r test ing

pigeonpea. S im i l a r l y , the i r r iga ted areas o f S ind and southern Pun jab tha t do no t

g r o w cash crops economica l l y need exp lo ra t i on . The basic requ i rement is f o r ear ly-

m a t u r i n g c rops . The perenn ia l types o f p igeonpea have scope in watershed catchment

areas, and w i l l be tested there.

Groundnut Cultivation in Pakistan

A. Rahman Khan and Naazar Ali

Pakistan Agricultural Research Council, Islamabad 

I n t r o d u c t i o n

In Pak i s tan , g r o u n d n u t cu l t i va t i on dates back to 1949 and the c rop is ma in l y g r o w n as

a cash c rop because al l the produce is consumed as roasted nuts. The c rop is most ly

cu l t i va ted in ra in fed and r iver f l o o d p l a i n areas o f the coun t r y . A b o u t 9 2 % o f the

g r o u n d n u t - g r o w i n g area i s in the p rov ince o f P u n j a b , 7% in N o r t h - W e s t F ron t i e r

Prov ince , and 1% in S ind . In Pun jab , 8 7 % o f the g r o u n d n u t - g r o w i n g area i s located in

R a w a l p i n d i D i v i s i o n , and on ly a smal l area is i r r iga ted. The to ta l area under g r o u n d -

nu t d u r i n g 1983/84 was 72 600 ha, w i t h a t o t a l p r o d u c t i o n of 88 000 t . The average p o d

y ie ld obta ined d u r i n g 1983/84 was 1.2 t ha - 1 , w h i c h is lower t h a n tha t of o ther

g r o u n d n u t - g r o w i n g countr ies.

The average y ie ld is decreasing year ly . Howeve r , i f s ign i f icant e f for ts are made to

remove the const ra in ts in c rop imp rovemen t , the average y ie ld can easily increase to

1.8-2.0 t ha - 1 .

The Baran i A g r i c u l t u r a l Research and Deve lopmen t ( B A R D ) pro jec t , sponsored

by C I D A , has been entrusted w i t h responsib i l i ty f o r na t iona l g r o u n d n u t research since

1984. A g r o u n d n u t adviser a r r ived in Oc tober 1984 f r o m N o r t h C a r o l i n a State

Un ivers i t y , U S A , and is w o r k i n g a t the N a t i o n a l A g r i c u l t u r a l Research Centre

( N A R C ) in close coo rd ina t i on w i t h the p rov inc ia l g r o u n d n u t scientists.
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Production Practices

Cultivars

T w o ma in varieties are cul t ivated in the count ry , as fo l lows.

N o . 334. Th is is a runner type, released in 1972, and g rown in Rawa lp i nd i D i v i s i on .

I t is medium-seeded w i t h wel l f i l led pods, wh ich makes i t desirable f o r table use. I ts

shel l ing percentage is 60-70% and i t has an o i l content of 50% w i t h a l ow free fa t ty acid

value. It matures in about 200 days and the yield potent ia l is 2.5-3.0 t ha - 1 .

Banki . Th is is a bunch type released in 1973. It is medium-seeded and h igh-y ie ld ing .

It has the good characters of no . 334, is less labor- in tensive, cheaper, and easy to

harvest. It matures in 180-200 days and has a yield potent ia l of 3.0 t ha - 1 .

Sowing

The sow ing t ime varies f o r d i f ferent parts of the count ry . In Barani areas sowing starts

f r o m the end o f M a r c h and cont inues up to June, depending u p o n the ava i lab i l i t y o f

mois ture in the soi l . Somet imes i t is even sown in Ju ly after the onset of the ra iny

season. In i r r igated areas the o p t i m u m sowing t ime is the 2nd fo r tn igh t of M a r c h .

On smal l fa rms, seeds are usual ly sown in fu r rows made by the desi p l ow . Bu t

some farmers broadcast the g roundnu t seed.

Farmers usual ly use 20-25 kg ha -1 of seed fo r the spreading type, and 30-40 kg ha -1

f o r the bunch type.

Fertilization

M o s t farmers do no t apply fert i l izer to the c rop , but some use fert i l izer at the rate of 2.5

bags of d i - a m m o n i u m phosphate per ha. Farmers usual ly apply f a rmyard manure

before sowing.

Crop Management 

Insect pests and diseases. The ma jo r insects a t tack ing g roundnu t are hai ry caterpi l -

lars, th r ips , termi tes, and grasshoppers. No insecticide is used to con t ro l these insects

because of its h igh cost and nonava i lab i l i t y , and farmers ' lack of knowledge of

app l i ca t i on techniques. Ver tebrate pests are rats, w i l d boars, and porcupines. The

damage caused by rats is sometimes more than 90%.

The most serious disease is late leaf spot {Phoeoisariopsis personata). The other

diseases repor ted are roo t ro t and fusar ium wi l t .

Weeding. Weeds pose a severe p rob lem in g roundnu t cu l t i va t ion . Usual ly no weed-

ing is done by the farmers. In some areas farmers use weeds as fodder d u r i n g the ra iny

season. Herbic ides are no t being used in g roundnu t f ields.
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Rotat ion. G r o u n d n u t is mos t l y p lanted after wheat . Usua l ly the r o t a t i o n f o l l owed is

whea t -g roundnu t - fa l l ow-whea t . In some areas, however , farmers use a wheat -

g roundnu t -me lon -whea t r o t a t i o n .

Intercropping. N o r m a l l y g r o u n d n u t is cu l t i va ted as a m o n o c r o p . Bu t a few farmers

in te rc rop maize, pear l m i l le t , and so rghum w i t h the g roundnu t c rop .

Harves t ing . M o s t of the c rop is harvested by h a n d , wh i ch is a cost ly opera t ion . Bu t

some farmers are now us ing a t r ac to r -moun ted digger f o r g r o u n d n u t harvest ing,

wh i ch is ga in ing in popu la r i t y .

Curing. Th is is being done by sun-dry ing the harvested c rop f o r 8-10 days, to achieve

the desired f l avor and qua l i t y .

Major Constraints in Production

• Damage by pests such as rats, w i l d boars, and porcupines.

• L a c k of short-season variet ies that cou ld pe rm i t doub le -c ropp ing w i t h wheat.

• Nonava i l ab i l i t y of qua l i t y seed.

• H i g h harvest ing costs and losses.

• Lack of credi t faci l i t ies f o r the purchase of inputs by farmers.

• W i d e f l uc tua t i on in prices and an inadequate marke t i ng st ructure.

Progress Made Since 1983

Varietal improvement 

Over 400 ge rmp lasm lines have been screened f o r h igh y ie ld and ear ly ma tu r i t y .

P rom is ing lines have been selected and are under p re l im ina ry y ie ld t r ia ls .

T w o variet ies f r o m N o r t h C a r o l i n a have shown p r o m i s i n g results i n advanced

y ie ld t r ia ls . The i r seed increase is in hand f o r o n - f a r m test ing.

A breeding p r o g r a m has been in i t ia ted at N A R C , I s lamabad , to develop ear ly-

m a t u r i n g and h igh -y ie ld ing adapted var iet ies. I n co l l abo ra t i on w i t h I C R I S A T , 30

h igh-y ie ld ing I C G S lines were evaluated in p re l im ina ry y ie ld t r ia ls and 19 ext ra-ear ly -

m a t u r i n g lines i n I G E M C T were evaluated f o r y ie ld and ma tu r i t y .

Agronomic studies 

In a spacing t r i a l w i t h a bunch- type loca l var ie ty , B a n k i , the results indicate tha t 30-cm

r o w spacing gave the highest p o d y ie ld of 4.9 t ha - 1 .

On the basis of these resul ts, a r idge-versus- f la t t r i a l was done in 1985, and i t was

f o u n d tha t a 30-cm r o w spacing again s ign i f icant ly ou ty ie lded a w ider r o w spacing of

60 c m . In this exper iment , a f o u r - r o w bed gave the highest p o d y ie ld of 2.7 t ha - 1 .
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Since 1983, sowing-date tr ia ls have been conducted at N A R C and the cooperat -

i ng p rov inc ia l inst i tutes, and o p t i m u m sowing dates have been establ ished f o r var ious

agroc l imat ic areas.

Curren t Research

The f o l l o w i n g research activit ies are in hand a t N A R C , Is lamabad.

Crop improvement 

• Eva lua t i on o f germplasm received f r o m I C R I S A T , Senegal, U S A , and other

sources.

• Eva lua t i on of ear ly -matur ing varieties in p re l im inary and advanced y ie ld t r ia ls .

• Imp rovemen t of local varieties t h rough mass selection.

• Advanced y ie ld tr ials of p romis ing varieties.

• Deve lopmen t of h igh-y ie ld ing and ear ly -matur ing varieties t h r o u g h a g r o u n d n u t -

hyb r i d i za t i on p rog ram.

• P r o d u c t i o n and mu l t i p l i ca t i on of qua l i ty seed of improved varieties.

Agronomic studies 

• Eva lua t ion of r idge-versus-f lat sowing methods and row spacing.

• Eva lua t i on of d i f ferent sowing dates.

• Deve lopmen t and improvemen t in p roduc t i on practices to increase g r o u n d n u t

y ie ld per un i t area.

Cooperative research 

• Advanced na t i ona l u n i f o r m y ie ld tr ia ls are being conducted in p rov inc ia l research

inst i tutes.

• The B A R D pro ject prov ides a g roundnu t exper t to w o r k a t N A R C in close

co l l abo ra t i on w i t h the p rov inc ia l programs.

• Eva lua t i on o f h igh-y ie ld ing I C G S selections f r o m I C R I S A T .

• E v a l u a t i o n o f the I n te rna t i ona l G r o u n d n u t Ex t ra -ear l y -matu r ing Cu l t i va r T r i a l ,

1985, f r o m I C R I S A T .

Proposed Research

At NARC 

• Eva lua t i on of exot ic germplasm and p romis ing lines.

• Screening f o r disease resistance and other agronomic characters.
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• D e t e r m i n a t i o n of o p t i m u m sowing dates, spacing, sowing methods, weed c o n t r o l ,

and harvest t ime fo r loca l ly adopted variet ies.

• Deve lopment of imp roved vertebrate pest con t ro l techniques.

• Eva lua t i on and development of a g roundnu t p lanter , thresher, and decor t icator .

Cooperative research 

• Screening of ea r l y -matu r ing and h igh-y ie ld ing selections f r o m I C R I S A T .

• D e t e r m i n a t i o n of the ef f ic iency of d i f fe rent Rhizobium strains in coopera t i on w i t h

N o r t h Caro l i na State Univers i ty , U S A .

• Coopera t i on w i t h UN advisers in the deve lopment of a g roundnu t thresher.

• W i n t e r seed increase of p r o m i s i n g I C G S ( E ) lines at I C R I S A T to permi t the

mu l t i l oca t i ona l test ing of extra-ear ly l ines.

Prob lems Faced in Research

• Lack of t ra ined manpower .

• Inadequate coo rd ina t i on between nat iona l and p rov inc ia l p rograms.

• An ineffect ive agr icu l tu ra l extension system.

• Lack of i n f o r m a t i o n on in te rna t iona l seminars, conferences, and meetings on

g roundnu t .

Grain Legumes Research and Development
in the Philippines: Current Status

Dely P. Gapasin and Bethilda E. Umali

Crops Research Department, Philippine Council for Agriculture 

and Resources Research and Development, Los Banos 

I n t r o d u c t i o n

One of the most w ide ly g r o w n gra in legumes is g r o u n d n u t , local ly k n o w n as " m a n i " . I t

has h igh p r i o r i t y in research and budgetary a l loca t ion . Pigeonpea and chickpea are

considered as m i n o r g ra in legumes. In 1984, 45 960 ha were p lanted to g r o u n d n u t and

produced 42 302 t. A l t h o u g h recommended variet ies can produce 1.3-2.0 t ha - 1 , the

na t iona l average y ie ld remains at 0.92 t ha - 1 .

Farmers in the Phi l ipp ines g row g r o u n d n u t ma in l y in l o w l a n d ra infed and up land

areas. I t is i m p o r t a n t as a second c rop in the rice-based c ropp ing system. M a n y

farmers in te rc rop i t w i t h maize, cassava, sugarcane, coconut , papaya, c i t rus, and

rubber . There are no p r o d u c t i o n data f o r p igeonpea and ch ickpea. These crops are

g r o w n most ly as backyard crops and as border crops on farms.
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Groundnut

Major constraints in production 

The m a j o r constra ints in g roundnu t p roduc t i on in the Phi l ipp ines are errat ic ra in fa l l

pat terns, marg ina l soils, lack of qua l i ty seeds, pests, diseases, lack of agr icu l tu ra l

cred i t , l im i ted t ranspor ta t ion and marke t ing faci l i t ies, and lack of pr ice incentives.

Current status of research 

Varietal improvement. The Na t iona l Plant Genetic Resources L a b o r a t o r y houses

12 300 accessions of 17 species of f ood legumes. A g r o n o m i c eva lua t ion , i nc lud ing

react ions to m a j o r diseases and insect pests has been done fo r g roundnu t , bu t on ly to a 

l im i ted extent fo r pigeonpea and chickpea.

Cur ren t l y , there are two g roundnu t p roduc t i on systems: monocu l tu re (after r ice),

and m ixed cu l t i va t i on . Cur ren t l y sown g roundnu t varieties are adapted ma in l y to

u p l a n d , monocu l tu re cond i t ions . However , since 1982, emphasis has shif ted to the

deve lopment of new variet ies suited to stress env i ronments , ra in fed areas, marg ina l

areas, and those that f i t wel l w i t h i n di f ferent f a rm ing systems.

The Gra in Legume Var ie ta l Improvement P rog ram aims to ident i fy genetic

sources f o r h igh y ie ld , resistance to ma jo r pests, h igh n i t rogen- f i x ing capaci ty , and

tolerance to par t ia l shade, d rough t , water logging, and paddy condi t ions.

The Un ive rs i t y of the Ph i l ipp ines at Los Banos ( U P L B ) also has imp lemented a 

co l labora t i ve pro ject w i t h N o r t h Caro l i na State Un ivers i ty ( N C S U ) , and is funded by

the Peanut Co l labora t i ve Research Suppor t Project (Peanut C R S P ) , started in 1983.

T h r o u g h this pro ject , 177 new g roundnu t cult ivars/accessions f r o m I C R I S A T and

N C S U have been added to the germplasm col lect ion.

P re l im ina r y y ie ld t r ia ls of I C R I S A T lines were conducted after rice at the

Pangasinan State Univers i ty . F ive h igh-y ie ld ing lines have been ident i f ied.

Screening for shade tolerance. G r o u n d n u t lines were screened using shade struc-

tures, where l i gh t in tens i ty was reduced to effect 40% shade. Several p rom is ing

varieties have been selected.

Screening for enhanced biological nitrogen fixation ( B N F ) . In 1983, 64 g r o u n d n u t

l ines were screened fo r enhanced B N F in the open and under par t ia l shade. Three lines

produced the highest ethylene g - 1 of nodule h - 1 , by acetylene reductase assay.

Screening for tolerance to acid-soil conditions. In 1982-85, several exper iments were

conducted us ing such acid soils as A d t u y o n clay ( p H 4.21), L i p a clay l oam ( p H 4.55),

and A n t i p o l o clay ( p H 4.8). S ix l ines showed potent ia l tolerance of acid soils in

A n t i p o l o clay.

Screening for pest resistance. Three accessions were f ound resistant to rust whi le t w o

were resistant to Cercospora leaf spot under na tu ra l f ie ld in fec t ion . Of the 68 entries
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f r o m three y ie ld t r ia ls none o f the tested mater ia ls showed resistance to the g r o u n d n u t

leaf hopper . The 81 accessions f r o m I C R I S A T had h igher levels o f resistance to leaf

hopper damage t han mater ia ls f r o m the Ins t i tu te o f P lan t Breeding ( I P B ) .

Varietal improvement for the rice-based cropping system. U P L B and I R R I conduct

a j o i n t va r ie ta l - improvement pro jec t f o r d r y l a n d legume crops sui ted to the rice-based

c ropp ing system. Seven lines of g r o u n d n u t have been ident i f ied .

Regional variety trials. These reg ional t r ia ls evaluate the per fo rmance of selected

breed ing lines of legumes in 10 locat ions t h r o u g h o u t the coun t r y . Three l ines, after

test ing f o r f ou r seasons, have been recommended fo r seed mu l t i p l i ca t i on .

Biological nitrogen f ixation ( B N F ) : Rhizobium i nocu la t i on . F ie ld t r ia ls on legume

inocu la t i on us ing several loca l and H a w a i i a n strains in Negros Occ identa l , Isabela,

and L a g u n a were done in coopera t ion w i t h the N i f T A L Project o f the Un ivers i ty o f

H a w a i i and the Peanut C R S P . Legume i nocu la t i on w i t h Rhizobium had a fe r t i l i z ing

value ei ther equal to or better t han the app l i ca t ion of 30 kg N ha"1 . T w o lines and one

cu l t i va r were t op d ry mat te r y ielders, and three Rhizobium strains p roduced the best

results.

B N F : Mycorrhizae. I n i t i a l l y , s ix species o f the vesicular-arbuscular myco r rh i za l

( V A M ) fungus were col lected, iso lated, and ident i f ied f r o m the rhizosphere soi l and

r o o t samples in g r o u n d n u t - g r o w i n g areas. The m y c o r r h i z a l f o r m a t i o n o f var ious

V A M fung i i n three g r o u n d n u t variet ies were tested i n po t exper iments. A m o n g the

f u n g i tested, on ly Glomus deserticola gave p rom is ing results in terms of developed

mycor rh izae and better p lan t g r o w t h .

Integrated pest management 

In a co l labora t i ve pro ject w i t h the Peanut C R S P and U P L B , g r o u n d n u t l ines are

evaluated f o r resistance to m a j o r insect pests, the eff icacy of Bacillus thuringiensis and

selected insect icides, effect of ca l c ium sources on insect p o p u l a t i o n densi ty , insect

damage and y ie ld o f g roundnu t , and y ie ld reduc t ion .

Un ivers i t y o f Sou thern M i n d a n a o researchers have f o u n d that the best c o n t r o l

against weeds (Rottboellia exaltata, Cleome rutidosperma, Boerhavia erecta, Ama-

ranthus spinosus, and Ipomoea triloba) was a t ta ined when hand weeding was done at

40 days after sow ing , as a f o l l o w - u p to pend ime tha l i n (1.25 kg ha - 1 a.i.), o f f -ba r ing ,

and h i l l i ng up .

Postharvest handling and utilization 

Storage. The U P L B is cu r ren t l y eva luat ing the effect o f pretreatments on the shelf

l i fe o f shelled g r o u n d n u t stored at r o o m temperature . These pretreatments inc lude

steaming-dry ing and s teaming-dry ing- roast ing.
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On-farm trials. The o n - f a r m tr ia ls compr ise technology ver i f i ca t ion and componen t

techno logy t r ia ls . These are means of evo lv ing locat ion-speci f ic technologies tha t a i m

to i m p r o v e ex is t ing fa rmer practices in p roduc t i v i t y and net income. The o n - f a r m

tr ia ls conduc ted in 12 regions of the Phi l ipp ines have been imp lemented and c o o r d i -

nated by the M i n i s t r y o f Ag r i cu l t u re and Food's Regiona l In tegrated A g r i c u l t u r a l

Research System. M a n y c ropp ing patterns are being tested, the most i m p o r t a n t o f

wh ich include: maize-maize-groundnut, r ice-groundnut, and coconut + maize-groundnut.

Pigeonpea

L i t t l e research on p igeonpea is being conducted in the Phi l ipp ines. I t is focused on

germp lasm co l lec t ion , eva lua t ion , and pre l im inary yield tr ials.

The M a r i a n o Marcos State Univers i ty in No r the rn L u z o n has evaluated 24

pigeonpea lines f r o m I C R I S A T d u r i n g the d ry season (1984-85). The highest y ie ld per

18 m2 p l o t was 1.51 kg . At the Cagayan State Univers i ty , three accessions f r o m

I C R I S A T have been evaluated. M a t e r i a l f r o m I C R I S A T is also being screened at the

Ins t i tu te of P lant Breeding, U P L B , and at Bureau of Plant Indust ry stat ions at B ico l ,

I l agan , and La Gran ja .

Chickpea

The I lagan Exper imen t S ta t ion o f the Bureau of Plant Industry in No r t he rn L u z o n is

eva luat ing 13 ch ickpea entries f r o m I C R I S A T in an adaptat ion t r ia l . The highest y ie ld

among 13 entries was 1.48 t ha - 1 .

U p d a t e d Research Thrusts

D u r i n g the F i rs t N a t i o n a l Peanut Consu l ta t ion Meet ing and Peanut C R S P Review

held in Februa ry 1985, the f o l l o w i n g p r i o r i t y research areas were ident i f ied f o r

g roundnu t .

• Benchmark i n f o r m a t i o n and agroeconomic assessment of p roduc t i on , postharvest

processing, u t i l i za t i on , and marke t ing .

• I m p r o v e m e n t of postharvest hand l ing techniques such as s t r ipp ing , d r y i ng , and

storage, to manage the a f l a tox i n p rob lem; s tandard izat ion and improvement o f

packag ing to p r o l o n g shelf l i fe and improve the acceptabi l i ty o f f ood products .

• Deve lopmen t of a low-cost techno logy to reduce h igh fer t i l izer and pesticide costs.

• Deve lopment , improvemen t , and u t i l i za t ion of vi l lage-level processing.

• Wate r and fer t i l izer requirements.

• Disease management , w i t h emphasis on the ep idemio logy of viruses and the

deve lopment of an integrated approach to the con t ro l o f major diseases.

• Tes t ing , eva lua t ion , and improvemen t of f a r m tools and equipment suitable fo r

sma l l - f a rm cond i t ions .

79



• Test ing and eva lua t ion of techno logy packages under var ious agroecolog ica l

cond i t ions .

• Deve lopment of technology t ransfer techniques.

• Deve lopmen t of in tegrated insect-pest management and the establ ishment of the

economic- th resho ld level f o r m a j o r insect pests.

• Deve lopmen t of h igh-y ie ld ing , pest-resistant variet ies tha t are also to le ran t of stress

cond i t ions and suited to var ious c ropp ing systems.

I t is expected tha t these pr io r ies w i l l be expanded soon to inc lude studies on tissue

cu l tu re , a f l a t ox i n c o n t r o l , p roduc t improvemen t , and disease management .

Grain Legume Production and Problems in Thailand

Montien Somabhi

Khon Kaen Field Crops Research Center, 

Field Crops Research lnsitute, Department of Agriculture, Thailand 

I n t r o d u c t i o n

G r a i n legumes are an in tegra l par t o f Tha i land 's agr icu l tu re , bu t they are no t expor ted .

Over 100 000 t of g r o u n d n u t are p roduced annua l l y . P igeonpea and ch ickpea are

g r o w n on ly in very smal l quant i t ies.

G r o u n d n u t , an i m p o r t a n t f o o d legume and commerc ia l o i l c rop , i s m a i n l y g r o w n

by sma l l fa rmers . The y ie ld is l o w (abou t 1.2 kg ha - 1 in a n o r m a l year) . I f the qua l i t y

can be i m p r o v e d , f u tu re i ndus t r i a l demand f o r g r o u n d n u t is l i ke ly to increase

substant ia l ly .

C o o r d i n a t e d G r o u n d n u t Research P r o g r a m

At a w o r k s h o p he ld a t K h o n K a e n Un ive rs i t y in 1981, i t was agreed in p r inc ip le tha t

the D e p a r t m e n t o f Ag r i cu l t u re w o u l d be the core research inst i tu te w i t h i n a c o o r d i -

nated g r o u n d n u t research p r o g r a m , w i t h pa r t i c i pa t i on f r o m the univers i t ies. Out l ines

of f u t u r e research and the ro le o f i n d i v i d u a l inst i tu tes were specif ied after f u r the r

discussions. I n 1982, I D R C agreed t o suppo r t Kasetsart ( K U ) and K h o n K a e n ( K K U )

Univers i t ies, wh i le the Peanut C R S P agreed to suppor t the Depa r tmen t o f Ag r i cu l t u re

( D O A ) and b o t h the universi t ies.

C u r r e n t Research o n G r o u n d n u t

Breeding. The m a i n i m p r o v e m e n t w o r k has been done in Nor theas t T h a i l a n d a t

D O A and K K U research stat ions. These t w o inst i tu tes have concentrated the i r ef for ts
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on y ie ld capab i l i t y , resistance to rust and leaf spot, resistance to Aspergillus flavus, 

and earliness. Kasetsart Un ivers i ty has been w o r k i n g ma in l y on A. flavus resistance

and i m p r o v i n g seed size in more fer t i le soils outside Nor theast T h a i l a n d . Test ing and

screening of mater ia ls by the D O A has been done d u r i n g the m a i n ra iny season and

w i t h i r r i g a t i o n in the d r y season, wh i le K K U has been test ing the mater ia ls d u r i n g the

ear ly pa r t of the ra iny season f o r use as a prer ice c rop , and also at the end of the ra iny

season as a postr ice c rop.

Pathology. The m a i n activi t ies of patho log ica l research have been screening of

mater ia ls f o r resistance to rust and cercospora leaf spots. A number of l ines and

cu l t i vars have been ident i f ied as resistant. A t t emp ts have also been made to screen f o r

v i rus resistances. Some w o r k was also done on race var ia t ion of rust , bu t no evidence

of va r i a t i on was f o u n d .

Progress on A. flavus resistance was marked by the development of the dry-seed

inocu la t i on technique fo r screening, and a large number of segregating progenies and

breed ing l ines have been screened. So fa r no h igh ly resistant l ine has been f o u n d ; on l y

lines w i t h a moderate degree of resistance have been ident i f ied and fu r ther evaluated.

Increasing ef for ts have been made to m o n i t o r ma jo r g roundnu t diseases. Th is

research reveals an increasingly h igh incidence of v irus diseases. Chemica l c o n t r o l of

leaf diseases and c r o w n ro t have been t r ied w i t h some success.

Entomology. Surveys of pests in ma jo r g roundnu t -g row ing areas reveal three m a j o r

insects, namely , leaf m iner , leaf hopper , and thr ips. Storage pests were also surveyed

and thei r b io logy studied. F ie ld studies have been done fo r 3 years on ma jo r g r o u n d n u t

pests, the i r seasonal d i s t r i bu t i on , and their na tu ra l enemies.

S imu la ted de fo l i a t i on studies were made in the f ie ld to assess yield loss and the

economic th resho ld o f na tu ra l pests f o r the f o r m u l a t i o n o f con t ro l recommendat ions .

A t t e m p t s were also made to ga in more i n f o r m a t i o n about the subterranean ant , and to

develop a cheap and prac t ica l way to con t ro l i t .

Screening f o r resistances to jassid and leaf miner was carr ied out . M a n y lines were

f o u n d , to some degree, resistant to the insects.

Some analyses of g r o u n d n u t samples have been made to m o n i t o r pesticide

residues. Cer ta in samples were f o u n d to con ta in h ighly tox ic residues, ma in ly of the

ch lo r ina ted h y d r o c a r b o n g r o u p . I n f o r m a t i o n gained f r o m these studies w i l l great ly

help to f o rmu la te better and more pract ica l recommendat ions in the fu ture .

Agronomy. Studies have been made on ways to improve pegging, on i r r i ga t i on

d u r i n g the d ry season, and on i n te r row cu l t i va t i on . L a n d prepara t ion and dep th o f

sow ing were also studied to develop improved practices fo r g roundnu t g r o w n after the

rice c rop w i t h o u t i r r i ga t i on . A g rowth- re ta rdant was t r ied to reduce excessive vegeta-

t ive g r o w t h d u r i n g the ra iny season and to consequent ly increase p o d y ie ld . Y ie ld

increases rang ing f r o m 5 to 50% were obta ined.

Soils and nutrients. The nu t r ien t status of ma jo r soils f r o m g roundnu t -g row ing

areas were de te rmined . In mos t cases phosphorus was ident i f ied as a l i m i t i n g nu t r ien t

and in some locat ions some m i n o r elements were f o u n d deficient.
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On calcareous b lack so i l , where g r o u n d n u t p lants showed severe ch lo ro t i c symp-

toms , i r o n was ident i f ied as the def ic ient nu t r ien t . I r o n chelates were f o u n d effective as

remedia l mater ia ls . Comb ina t i ons o f ch icken manure or organic humus and ferrous

sulfate also corrected the ch lo ro t i c s y m p t o m .

Nitrogen fixation. E f fo r t s have been made to assess the ro le of Rhizobium in

i m p r o v i n g g r o u n d n u t y ie ld . The results o f i nocu la t i on w i t h Rhizobium to imp rove

yield have been var ied. O ther research has been on st ra in select ion, i nocu la t i on rates,

i nocu la t i on methods, seasonal f l uc tua t i on o f rh i zob ia l popu la t ions in paddy soils, and

effects of sal in i ty on the n i t rogen- f i x i ng ab i l i t y of Rhizobium. 

Postharvest research. In research on gra in qua l i t y , 181 samples were col lected f r o m

farmers in Nor theas t T h a i l a n d , and some samples were f o u n d to con ta in more than 20

p p b o f a f l a t o x i n . A survey on fa rmers ' postharvest hand l i ng o f g r o u n d n u t in N o r t h -

east T h a i l a n d f o u n d tha t inadequate pod d r y i n g was the ma in p rob lem.

Seed qua l i t y studies were made on many factors that affect ge rm ina t i on , e.g., seed

size, seed m a t u r i t y , shel l ing m e t h o d , and storage cond i t ions . Studies on seed storage at

the fa rmers ' level showed tha t sat is factory g e r m i n a t i o n cou ld be ma in ta ined over 8 

mon ths , i f the pods were adequately dr ied and stored in plastic bags.

Proposed Research on G r o u n d n u t

Breeding. The m a i n breeding objectives inc lude h igh y ie ld , improved seed size,

resistance to ma jo r f o l i a r diseases, resistance to A. flavus, deve lop ing early varieties

fo r cer ta in c ropp ing systems, and deve lop ing varieties fo r bo i l i ng purposes. Increasing

efforts w i l l be made to screen f o r v i rus and insect resistance.

Pathology. Patho log is ts w i l l con t inue to w o r k closely w i t h p lan t breeders in screen-

ing mater ia ls f o r resistance to ma jo r diseases. The disease nurseries, cur ren t ly m a i n -

ta ined by K K U , w i l l be g radua l l y t ransferred to the D O A research center where

research suppor t is on a con t inuous basis.

Entomology. Fu tu re research in en tomo logy w i l l be d i rected t o w a r d deve lop ing

integrated c o n t r o l measures, yield- loss assessment and economic thresholds of ma jo r

insects, invest igat ions about subterranean insects, pest m o n i t o r i n g , and insecticide

residues.

Microbiology. Co l l ec t i on of nat ive strains of Rhizobium w i l l con t inue and selection

f o r effect ive ones w i l l be made f r o m these co l lect ions. P rom is i ng strains f r o m loca l

co l lect ions and new i n t roduc t i ons w i l l be tested. M o r e studies w i l l be made on

inocu la t i on techniques, and mycor rh izae.

Agronomy and soils. A g r o n o m i c studies w i l l be a imed at deve lop ing more effective

pract ices acceptable to sma l l fa rmers and w i t h an emphasis on cost reduc t ion . The
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poten t ia l o f some g r o w t h regulators fo r y ie ld improvement w i l l be exp lo red fu r the r .

Studies w i l l be made on factors invo lved in p o o r pod f i l l i ng , w i t h an emphasis on

large-seeded g roundnu t .

W o r k w i l l cont inue on iden t i f i ca t ion o f n u t r i t i o n a l constra ints t o g r o u n d n u t

p r o d u c t i o n in ma jo r g roundnu t -p roduc ing areas, to develop recommendat ions f o r

fer t i l izer appl icat ions, and to determine the requirements o f m ic ronu t r ien ts f o r p roper

n i t rogen f i x a t i o n and g r o w t h o f g roundnu t .

Research on weed in fes ta t ion has been rather l im i ted . There is therefore a need to

under take more studies in this f ie ld .

Seed technology. Research w i l l focus on low-cost seed storage, and w o r k w i l l also be

in i t i a ted on the do rmancy o f advanced breeding lines to reduce loss f r o m sp rou t i ng a t

harvest.

Postharvest technology. There is a need fo r more research on the reduc t ion of loss at

harvest , more ef f ic ient and economica l hand l i ng , and proper storage at the f a r m level .
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