


Abstract

Citation: BARI (Bangladesh Agricultural Rescarch Institute). 1691, Advances in pulses research in Bangladesh: proceedings
of the Second National Workshop on Pulses, 6-8 Jun 1989, Joydebpur, Bangladesh, Patancheru, AP 502 324 . India:
International Crops Research Institute for the Semi-Arid Tropics.

Fifty scientists actively engaged in pulses improvement in Bangladesh participated in the second Natjonal Workshop on Pulses
which was held at the completion of the BARI-IDRC Pulses Project. The representatives of the Pulses Programs from India,
Nepal, and Myanmar and scientists from ICRISAT Center ndia) also participated. Papers reviewed pulses rescarch done in
the eighties on breeding, crop Mailagemenl, crop protection, seed prodution and consumer quality, and regional pulses
research links. The workshop recommended expansion of the Pulses Improvement Program In Bangladesh. 1t was agreed that
more genetic variability should be obtained for nuking rapid progress. The workshop suggested that increased cfforts be made
to breed for early maturing, disease and pest resistant cultivars ant for development of cultural practices for obtaining high
stable yields of pulses. The recommendations form a valuable guideline for future research and development of these crops in
Bangladesh and other similar regions.

Résumeé

Référence © BARI (Bungladesh Agricultural Research Institute). 1991, Progres effectués dans la recherche sur les l¢-
gumineuses au Bangladesh : comptes rendus du Deuxieme collogue national sur les légumineuses, 6-8 Juin 1989, Joydebpur,
Bangladesh. Patancheru, A.P. 502 324, Inde : Imernational Crops Research Institute for the Semi-Arid Tropics.

Le Deuxieéme colloque naional sur les Iégumineuses. qui s'est tenu lors de achévement du Projet légumincuses BART-CRDI,
a réuni cinquante chercheurs travaillant activemert en matiére d’amélioraion des lgumineuses au Bangladesh, Les represen-
tants des programmes de légumineuses de 1Inde. du Népal. du Myanmar, wnsi que des chercheurs du Centre ICRISAT en Tide
ont également participé a ce colloguz. Les communications ont fait e pont des travaoy de recherche sur les I¢gunimeuse
réaliss pendant les anndes 0, et plus particulidrement sur fa sélection, aménagement des cultures, i protection des cultures.
la production des semences et la qualité & ' corsommation. Elles ont aussi emind fes liens de recherche régionaus sur les
légumineuses. Le collogue a recommandgé I"expansion du Programme d amélioration des Iégumineuses au Bangladesh. 1 ete
convenu que plus de variabilité géndtique doit étre obtenue atin de réaliser des progres rapides. Le colloque a suggdré que des
efforts plus in»rses doivent étre mis en place pour lu sélection de cultivers i maturation précoce et résistants aux maladies ¢t
aux ravageurs, ainsi que pour ta mise au point de pratiques culturales permettant I'obtention de rendements éleves ef stables des
Iégumineuses. Les recommendations constituent des indications utiles pour la recherche et le développement futurs de ces
cultures au Bangladesh et dans J"autres régions semblables,

Resumen

iCitacién 1 BARI (Bangladesh Agricultural Research Institute) 1991. Avances en Investigacidn sobre Legumbres en Ban-
gladesh: Actas del Segundo Taller Nacional sobre Legumbres, 6-8 de Junio de 1989, Joydebpur, Bangladesh. Patancheru, AP,
502 324, india: International Crops Research Institute for the Semi-Aric Tropics.

Cincuenta cientificos, investigando actualmente sobre el mejoramiento de legumbres en Bangladesh. participaron en cl
Segundo Tall=r Nacional sobre Legumbres gue se celebrd a la ¢'ausura del Proyecto de Legumbres BARI-IDRC. El Taller
conté con la participacion de los representantes de o Programas de Legumbres procedientes de India, Nepal v Myamirar asi
como los cientilicos del Centro 'CRISAT (Indiay. La ponencias examinaron las investigaciones sobre legumbres yue se
realizaron durante los aiios 80 en el campo de fa crianza, of manejo y la proleceion de cosecha, la produccion de semillas vla
cualidad del producto de consuma. asi como los vinculos regionales en la investigacion sobre legumbres. E! Taller recomends
la expansién del Programa de Mejoramiento de Legumbres en Bangladesh. Se acordé que debe adquirirse mas variabilidad
genética para poder alcanzar progreso mds rdpido. EI Taller sugerid dirigir mas esfuerzos hacia la crianza que permitird la
maduracién temprana y cualidades resisientes a enfermedades ¢ insectos nocivos asi como hacia el desarrollo de pricticas de
cultivo a fin de obtener altas y més estables cosechas de legumbres. Las recomendaciones del dicho Tailer presentan pautas
importantes para investigaci6n y desarrollo futu:os en este campo cn Bangladesh y en regiones semejantes.
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Message from IDRC

It has been particularly rewarding for IDRC to be part of the evolution and achievements of the BARI
pulses project since 1976, The culmination of this effort has been the second national workshop on
pulses, whichprovided an opportunity toreflect on the knowledge gained, and todiscuss the directions
and research needs for the near future.

Crop improvement is a never-ending activity and this is well recognized by researchers in
Bangladesh. These achievements need to be supplemented by new traits and variability. Several of
the major pulse crops have adequate international backup, others (lathyrus is perhaps one example)
will provide great challenges to the ingenuity and resources of the national research system.

We wish BARI every success in its important endeavor to enhance and improve pulses production
in Bangladesh.



Foreword

Mohammad H. Mondal,

Director General, Bangladesh Agricultural Research Institute (BARI),
Joydebpur, 1701, Bangladesh

Pulses play an important role in the agriculture and inthe diet of the people of Bangladesh. A program
was set up to conduct research on pulses at the Bangladesh Agricultural Research Institute (BARI)
in 1979. The Institute hosted the First National Pulses Workshop in August 1981 to bring together
scientists working in pulses in Bangladesh to focus on the status of improvement of these crops.
Important aspects of production —-agronomy, physiological adaptation, breeding, diseases and pests,
and quality characteristics—were considered and the scientists proposed a program to improve the
genetic potential for yicld and quality in pulses.

The Sccond National Workshop on pulses was held in 1989 with similar objectives. In the
intervening 8 years, many contacts had been made with international programs. Efforts were made
to collect and evaluate more germplasm of these crops. Improved cultivars for some pulses were
released during this period. Multilocational testing of advanced genetic materials was initiated in
different agroecological zones of the country. The program was supported by IDRC of Canada up
to February 1989, The uim of the 1989 workshop was to provide a forum for summarizing the overall
development of pulses research undertaken in the previous 8 years and stress increased productivity
and stability, which call for strengthening cooperation among national and international research
institutions. Basic information is needed to understand various biotic and abiotic constraints limiting
increased productivity of pulses.

The workshop was held at an opportune time, as a major scheme for pulses development was
imitiated with the support of the Canadian International Development Agency (CIDA). Thus the goals
set in this workshop may form a guideline for pulses research and development in Bangladesh for the
next 10 years. Participation in this workshop of scientists from ICRISAT and neighbouring countries
was a very encouraging development.  We must take advantage of their valuable suggestions and
foster closer cooperation among the Asian Grain Legumes Network (AGLN) member countries to
solve ourcommon problems. Intotal, there were 78 participants and 33 presentations were made. The
participants discussed various problems of pulses and made useful suggestions. It was agreed that
more genetic variability should be obtained for the tive major pulses and increased efforts be made
10 develop early maturing cultivars with resistance to important diseases ani pests. Increased
emphasis on cultural practices, use of inocula, and improved storage of seeds was also suggested. To
achieve these goals, it was recommended that the pulses improvement prograum be expanded and
strengtnened at various institutions in Bangladesh.

BARI sincerely acknowledges IDRC''s support for undertaking research on pulses and holding this
important workshop. ICRISAT s assistance in publishing the proceedings of this workshop is also
gratefully acknowledged.

I congratulate the organizers of the pulses workshop for publishing the proceedings and believe that
the volume will be valuable reference material for pulse scientists, administrators, and development
and donor agencies working in Bangladesh.

vii
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Address by Special Guest
M. Motlubor Rahman,

Executive Vice Chairman, Bangladesh Agricultural Research Council (BARC), Farmgate,
Dhaka - 15, Bangladesh

Pulses are important, both as human and animal food. They also improve soil health. As yet, there
has been no major breakthrough in the productivity of these crops. As these are difficult crops to
handle, we plan to work very closely with ICRISAT, ICARDA, and other international centers. This
will require dedicated team work. This national workshop which is being held after a gap of 9 years,
should develop a definite plan for the improvement of these crops.

A Crop Diversification Project (CDP) is likely to be implemented soon. However, there is little
technology that can be directly taken to the farmers. With improvement in management, good quality
seed, and timely sowing it is possible to increase yields by 40 - 50%. With ICRISAT s help, we have
achieved some success with chickpeas. We should continue with this and make similar efforts with
other pulse crops so that the CDP is successful. It is necessary to assess and suitably package the
technology and to suggest a strategy for quick multiplication of seed to BADC. Simultaneously,
massive demonstration of the developed technology at block levels and a more intense program of
extension needs to be undertaken by the Department of Agricultural Extension. I would urge the
scientists gathered here to consider that the population of this country may increase to 150 million by
2000 A.D. They should come up with a package of recommendations so that the production of pulses
can keep pace with the increasing population. If we fail in our efforts, there will be a great setback.
We also want to move away from rice-wheat rotation to sustain soil health. You have a challenging
task. [ wish the workshop great success!



Inaugural Address

Kazi M. Badruddoza,

Former Executive Vice Chairman, Bangladesh Agricultural Research Council (BARC), Farmgate, Dhaka - 15,
Bangladesh

lam very pleased to have been invited to inaugurate this important workshop on pulses. Let me begin
by mentioning that we, in Bangladesn, consume only 5.5 g (12.5 g according to the new statistics} of
pulses capita’' day. This is a far too low quantity to protect the nutritional status of the population,
most of which is very poor. We should aim to make available at least 20 g. There is thus an urgent
need to increase the production of these crops. But the task is not so easy.

The people of Bangladesh are generally rice caters and they prefer rice to any other crop. Withthe
phased expansion of irrigation facilities, more areas have come under rice; and pulses and other crops
have been pushed to marginal land. The area under pulses has shrunk over the years. The strategic
approach to improve the present situation shouid be to increase the area under pulses by developing
short-duration high-yielding cultivars which would grow between two rice crops or by developing
appropriate cropping systems which will allow pulses to be grown without affecting the interests of
farmers for rice. The Barind tract of Bangladesh, which remains generally fallow after rice provides
opportunities for pulses to be grown there, if the technology for the production of pulses in this tract
could be developed.

The pulses improvement program has been under implementation for some years. Good progress
has beenmade. IDRC helped the programiin its initial phases. A large number of pulses scientists have
been tramed. There is now a good team with the program. [n addition to the support from IDRC, the
IARCs have also been very active in giving their inputs to strengthen the program.

Oflate, the idea of a Crop Diversification Project (CDP) was initiated by the Government. This will
provide adequate support te. the development of crops which could be grown in rotation with rice and
wheat. This project is being implemented with assistance from CIDA. [hope emphasis will be given
1o the development of suitable cultivars and improved seed production programs. I am very hopeful

that with the administrative, financial, and scientific support which is available from various sources-

now. the production and productivity of these crops will improve in the near future. Pulses, amongst
them, will play a major role in the crop diversification project. I am confident that this important
workshop will provide guidelines in the development of technology for pulses improvement in
Bangladesh.

1 wish this workshop all success!



A Word from ICRISAT
D.G. Faris

Coordinator, AGLN, ICRISAT, Patancheru, AP 502 324, India.

There is much enthusiasm among pulses researchers in Bangladesh. This can be seen in many
activities such as the promised beginning of the Crop Diversification Project that is expected to give
good financial support to pulses improvement; the tackling of seed certification problems that will
ensure a good supply of quality seed; and the recent release of the chickpea variety Nabin which has
shown good yields of around 4 tha' on farmers® fields. Such technology now needs to be effectively
demonstrated to farmers. ICRISAT’s cooperation is available to Bangladesh for chickpea and
pigeonpea development. We will do everything possible to effectively help pulses deveiopment in
Bangladesh. Thope this workshop will focus attention on the important issues, so that it will suggest
ways to overcome the major biotic and abiotic constraints to pulses productivity identified by the
participants. We are happy to have supported the participation of the pulses coordinators of the
neighboring countries in this workshop and also in publishing the proceedings.



Editor’s Note

The Bangladesh Bureau of Statistics (BBS) revised pulses production figures in the country in 1989,
as a result of readjustment with the areas enumerated under the Agricultural Census 1983/84 (BB3
1989). These indicate that the area and production of pulses 1983/84 onwards, were about two times
more than those for 1981/82 and 1982/83 (Table 1). There is much increase for lentil (Lens culinaris
Medic.), chickpea (Cicer urietinum L.), mung bean (Vigna radiata (L.) Wilczek), black gram (Vigna
mungo (L.) Hepper), and pigeonpea (Cajanus cajan (L.) Millsp.). The production figures for other
pulses, which now include khesari (Lathyrus sativus L.) show muchreduction. Two papers on “‘Status
of pulses marketing in Bangladcsh™ (A.K.M. Bazlur Rahman) and *Socioeconomic constraints
limiting pulses production™ {S.M. Elias) in thesc workshop proceedings bricfly mention the revision
in the production statistics. All other papers have used the old statistics. In view of the revised
production statislics the future plans and projections for pulses improvement and utilization in the
country need modification.

Table 1. Revised statistics of Area (‘000 ha) and Production (‘000 t) of pulses in Bangladesh, 1981/82-1987/
88.

Lentil Chickpea Black gram Mung bean Other Pulses! Total

Year Al P A P A P A P A P A P

1981/82 74.9 49 575 37 429 29 154 7 119.8 83 3101 205
1982/83 733 45 53.8 41 40.1 28 150 8 11 82 90 3004 212
1983/84 2405 16l 1134 87 §4.2 60 599 34 28.7 19 5267 361
1984785 2336 164 1089 81 749 54 603 35 30.8 20 5085 354
1985/36 227160 1036 78 69.2 45 59.5 33 28.3 19 4834 290
1986787 2130 149 1036 82 65.6 43 575 35 27.1 18 4668 327

1987/88 2166 159 1032 75 70.5 52 579 33 312 20 4794 339

1. Includes khesari
2. A = area, P = production.
Source: BBS (1989).

We would like to thank the following for reviewing the conference papers: J. Arihara, A, Bakr, Y.S.
Chauhan, T. Dasgupta, D.G. Faris, M.P. Haware, T.G. Kelley, V.K. Mehan, P.T.C. Nambiar, C.S.
Pawar, M. Pimbert, M.M. Rahman, A. Ramakrishna, K.L. Sahrawat, S.C. Sethi, R.P. Singh, U. Singh,
and J.A. Wightman.

I also thank the administrations at Bangladesh Agricultural Research Institute, International
Development Research Centre, and International Crops Research Institute for the Semi-Arid Tropics,
particularly Drs M.H. Mondal, M.A. Istam, M. Matiur Rahman, N. Mateo, K.W. Riley, D. McDonald,
D.G. Faris, and H.A. van Rheenen for asking me to help organize the workshop and edit the
proceedings. Ms. S. Prasannalaxmi of ICRISAT Library assisted with the references.

Additional Note: Because the decision to publish the proceedings at ICRISAT Center was taken
at a late stage in the editorial process, not all papers conform to ICRISATs style.
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Keynote Address

M.A. Islam and M. Matiur Rahman

Bangladesh Agricultural Research Institute, Joydebpur, Bangladesh

Abstract

Multidisciplinary coordinated research on six pulses: lentil (Lens culinaris Medic.), chickpea (Cicer
arictinum L.), khesari (Lathyrus sativus L.), black gram (Vigna mungo (L.) Hepper), mung bean (Vigna
radiata(L.) Wilczek), and pigeonpea (Cajanus cajan (L.) Millsp.), was initiated in 1979 at the Bangladesh
Agricultural Research Institute (BARI), with financial support from the International Development
Research Centre (IDRC), Canada. Problems were identified and research priorities were fived. and the
research work was started. Progress has already been made in manpower development as well as in the
generation of technology in different disciplines of the Pulses Improvement Program. Two cultivars of
mung bean, Mubarik and Kanti, and one of chickpea, Nabin, were released for general cultivation. One
line each of tentil and black gram were proposed  for release to the National Seed Board. Several
promising wilt-resistant lines of chickpea. low-newrotoxin lines of khesari. and one line of pigeonpea were
identified, some of which may be proposed for release. The germplasm of these crops has been collected
and maintained. Major diseases and insect pests prevalent in farmers’ fields and in their stores have been
identified. New cropping patterns involving mung hean cultivars appear more promising than those
existing in the northern parts of tne country. These new patterns, if adopted, would substantially increase
the area under these crops. We plan to undertake extensive, area-specific surveys to understand the
problems of pulses cultivarion and the reasons for low productivity in farmers” fields. Efforts will also be
made to extend the cultivation of pulses as postrainy crops after rice in the Barind tract and in other
nontraditional areas for these crops. In addition, facilities will be strengthened for basic research in all
disciplines to back up the applied research.

Introduction

Pulses are important food crops in Bangladesh, They
occupy an arei of about (1.3 million ha (2.34% of the
total cropped area) and contribute about 1.07% of the
total grain production of the country (Ahmed 1985).
The major pulses grown in Bangladesh are: khesari
(Lathyrus sativus L), lentl (Lens culinarts Medic.).
chickpea (Cicer arietinum L.}, black gram (Vigna
mungo (L.) Hepper), mung bean (Vigna radiata (L.)
Wilczek). and field pea(Pisum sativien subsparvense)
(Table 1). Among these, khesari, lentil, chickpea. and
field pea are grown during winter (November-March)
and contribute about 82% of the total pulses. Black
gram is grown in late summer f August-December).

Mung bean is grown both in early summer (February-
April) and late summer.

Though pulses play a vital role in the national
economy and in the diet, they have been neglected by
most pulse-growing countries including Bangladesh.
They are generally considered minor crops, so the
national programs receive little funding for research
and development. After achieving considerable suc-
cessinrice and wheat production, most governments of
this region have taken some micasures to improve the
production of pulses. New technologies have also been
developed in some countries and are being adopted by
farmers, but the mean yields of most of these crops
have remained very low. There is still a wide gap
between the growing demand and the production of

Citation: BARI (Bangladesh Agnculiural Research Institute). 1991. Advances in Pulses Research in Bangladesh: proceedings of the Second
National Workshop on Pulses, 6-8 Jun, 1989, Joydebpur, Bangladesh. Patancheru, A.P. 502 324, India: Intemational Crops Research Institute for

the Semi-Arid Tropics.



Table 3. Area and production of pulses in Banglad sh, 1984/85,

% of Total

Name of Area Production Yicid
Pulse (ha) t) (kgha' Area Production
Khesari 81000 60 000 735 3 32
Lentil 71 000 48 500 680 27 26
Chickpea 50 000 37 500 750 19 20
Black gram 33600 25 000 714 13 13
Mung bean 15 338 5052 590 6 5
Fieldpea S 900 6 600 666 3 3

Total’ 261 591 185 652
1. Includes minor pulses as wel. Source: BBS (1986).
these crops in Bangladesh. The present per capita Institute (BARD in 1979. In the context of the

consumption of 5.5g day ' is rather low, as compared to
45g in neighboring India (Ahmed 1984),

In order to increase food production, irrigation
facilities are being expanded. Currently, these are
mostly used in win.er rice cultivation with pulses being
continuously pushed tomarginal and submarginal fands.,
resulting in low productivity. As aresult cereal produc-
tion has increased significantly over the last few years
but the area and production of pulses has gradually
declined. The technology required 10 improve the
productivity of pulses include: promising crop variet-
ies anid rhizobial strains: improved cultivation prac-
tices and cropping patterns: improved integrated pest
inanagement; and improved seed production, process-
ing. storage, and distribution systems.

Sinee pulses generally do not respond 1o high
management in respect of irrigation and fertilizer use.
it has not been possible to develop improved standard
cultural practices for these crops. Moreover, factors
such as the inherently low yield potential of pulses
cultivars, high susceptibility to various dise 25 and
insect pests. and sensitivity to microclimatic changes
contribute to large variations in their output from year
to year, and to their low productivity. The problem is
therefore highly complex, making itdifficult 1o halt the
present declining trend of pulses in terms of area and
production, unless discase-resistant, high-vielding
pulses varieties, improved cultural practices ensuring
sustainable high yields, and proper economical plani-
protection measures are developed. To solve all these
problems a coordinated pulses improvement program
was initiated in The Bangladesh Agricultural Research

problems mentioned above, the future research priori-
ties are briefly discussed in this paper.

Research Progress

Rescarch on pulses was initiated during the early fifties
but very litde progress was made. The work was
coafined 1o the collection and evaluation of local
germiplasm. In 1979 4 multidisciplinary coordinated
approach was initiated with financial support from the
International Development Research Centre (IDRC)
of Canada and technical support from the Food and
Agricultural Organization (FAQ) of the United Na-
tions. A consultant of the International Agricultural
Development Service (IADS) suggested shifting the
pulses program to a suitable location such as Ishurdi
(Kumar 1984). Later, he (as IADS/Winrock Interna-
tional Consultant) helped develop this program w
Ishurdi in 1984/85 (Kumar 1985), The progress made
in manpower development and in rescarch is briefly
described here,

Varietal Development
Lentil

Variation in local germplasm in respect of yield poten-
tial, disease resistance, seed size, and growing period is



very small. About 1000 exotic germplasms and ad-
vanced lines were introduced from India, Pakistan, and
Syria (ICARDA), but these were all tonger-dvration
varieties which did not produce high vields. Moreover,
the macrosperma tlarge seeded) ivpes are late maturing
and they set fewer pods but some of them are resistant
torust. Among the focal germplasm LS was found to be
better with respect to yicld and maturity period (105-
11O days). Ithas been placed before the National Seed
Bourd (NSB) tor release. This cultivar resembles other
focal cultivars in resistance to rust and stemphylium-
blight discases. Qur present effort is directed wt making
this line discase free. and improving its yield, by in-
creasing seed size. The crossing program was initiated
in 1984 and the segiegating populations are now in the
F, generation.

Chickpea

About 200 1ocal and 800 exotic germplasm lines have
been collected and evaluated at RARIL Thie Bangladesh
Institute of Nuclear Agriculture (BINA) released the
chickpeacultivar Hyprosolain 1982, and BAR I released
chickpea culuvar Nabin iz 1987, Their agronomic
characters are given in Table 2

Strong hinks have been established with the Tnter-
national Crops Rescarch Institute tor the Semi-Arid
Tropies (FCRISAT). India. We have been regularly
receving seeregating populations and advanced lines
from ICRISAT, and are screening these inour wilt-sick
plots. - Some wilt-resistant fimes have already been
identihied. We initiated a crossing program involving
the tocal chickpea cultivars Sabut 4 and Hyprosola in
1984 (Kumar 1985). The segregating maternal is being
screened in the wilt- and root rot-sick plots; these are
now in the F, generation. Materials are also being
screened for their fate-sowing potentiad.

Khesari

Khesari ranks first in terms of hectarage and produc-
tion. About 167 local germplasm lines have been
collected and their seeds have been analyzed for B-N-
oxalylaminoalanine (BOAA) content. Some lines were
tound to have low toxic substance, but they are low
vielding.  Kkesari lines Jamalpur, Charbadna, and
Pahartoli were found to be high yielding and carly
maturing. A crossing progrim was initated involving
low-toxin lines and the materials are in F_and F, gen-
erations, The lines with low toxin content are being
tested for their potential in different locations.

Black gram

About 750 local and exotic germplasm lines have been
collected and evaluated for high-yield potential. One
daylength-insensitive line is awaiting release as a vari -
ety The germplasm is also being screened for resi -
tance to powdery mildew, “which is a major disr aoe
aftecting this crop.

Mung bean

About 1200 exotic germplasm lines ha ¢ beun sereened
against the major disease, yellow mesaic virus (YMV),
but none has been found resis.an:. However, one toler-
ant mung bean culiivar Mubauik, was released in 1982
for March/April sowing (Ahmed 1984). It is also
stitable to the mung bean-anian (riiny season) rice/
POStrainy season cropping pattern - Another moder-
ately resistant mung bean cubtivar Kanti, s released
in Y87 for Angust/September sowirg in the aus
(rainfed)rice/jute-mung bean/postrainy swason cropping
pattern. Both these lines are daylength-insensitive and

Table 2. The mean performance of Nabin and two local

cultivars in Bangladesh, 1984/85.

Days to Days to Plant height 100 seed Seed vietd
Variety flowening maturity (cm) mass(g) (tha')
Nabin 60 122 67 1.8 2.95
Sabur 4 128 5 8.8 2.21
Hyprosola 72 127 52 7.6 2,18

Source: BARI (1985).




mature carly (65-70 days). Golden-sended mung bean,
which is preferred by consumers, is daylength seasitive.
Etforts are being made todevelop daylength-insensitive
golden-seeded mung bean through hybridization.

Pigeonpea

Long-duration pigeonpea is cultiveted on small pieces
of land in Kushtia and on the roadside in Rajshahi,
Pabna, and Jessore. Some short-duration introductions
from th: USA and ICRISAT, India vere evaluated.
Two pigeonpea lines 76012 and 76013 were identified
as promising.

Plant Protection

The major and minor diseases of pulses have been
recorded (Ahmed et al, 1982 Fakir 1983). Wilt-sick
plots tor screening of chickpea against fusarium wilt
disease have bez developed at Joydebpur and Ishurdi.
Similarly, the entomology division of BARI has uind-
ied the reactions of different pulses to insect pests and
identified the major pests for each of these crops. They
are also trying 1o develop effective and economical
control measures forthe major insect pests. The farmers”
methods of seed storage and the extent of damage by
grain pests and diseases in storage hove also been
studied. Two species of pulse beetle, Callosobrucius
chinensis and C. macularus are the main insect pests
{Rahman et al. 1982). About 15-17 species of Jlorage
fungi tound associated with different pulses have also
been identified.  Among these, Alternaria sp., As-
pergillus curvuderia, Cladosporium sp, and Penicil-
livm sp were predominant (BARI 1984). The scientists
are now trying to develop suitable cultural measures
for these diseases to help minimize their incidence.

Cultural Management

The soil science division of BARI has conducted
fentilizertrials all overthe country and has recommended
fertilizer doses on the basis of the soil-fertility level.
These are: N-30, P-85,K-35,5-20, Zn-10kg ha' for low-
fertility soil: N-20, P-50, S-10, Zn-5 kg ha' for me-
dium-fertility soil; and N-10 and P-30 kg ha'! for high-
fertility soil (BARC 1985).

The agronomy division has developed improved
cultural practices for the released cultivars. They have
also conducted experiments to determine the optimum

time of sowing and toe etfect of different sowing tin.es
onyield. It was found that the yield and yield-contrib-
waing characters of an early chickpea declinad if sow-
ng was delayed dbeyond mid- November (Kahman and
Mallick 1986). They also found that mung bean :its
weli in the aus/jute-fallow-postrainy season cropping
patiern and it is possible to grow postrainy crops like
wheat, tentil, mustard, ete. after mung bean.  The
agronomy division of BARI also found that mung bean
and black gram can be grown ander minimum-tillage
conditions in the above patterns (BARI 1986).

It was further observed that 100% lentil + 30%
mustard was the most appropriate seed rate in the
commontly tollowed mixed-cropping pattern. Currently
the division is conducting. mixed-cropping experiments
with black gram and short-duration pigeonpea,
chickpea, or barley. They have now initiated work to
maximize the plant stands by different methods of
sowing and to maximize yield by different cultural
manipulations.

Future Research
Varietal Improvement

The breeding program should be strengthened todevelop
high-yielding discase-resistant cultivars on a priority
basis. To achieve the common goal for each of these
crops, an integrated approach needs to be taken by
breeders, pathologists, agronomists, entomologists, and
social scientists.

Lentil

Very little success has been achieved so far in lentil.
Rust and stemphylium blight still cause much damage
to this crop. Priority should be given to developing
rust- and stemphylium-resistant cultivars.  All the
germplasm should be sereened under antificially inocu-
lated conditions to identify better parents for hybrid-
ization. The crossing program with previously identi-
fied germplasms should be continued

Chickpea

Collar rot, wilt, root rot, and botrytis gray mold arc the
major discases affecting chickpea. A few wilt-resistant
lines have been identified and are being used for
crossing with the locally adapted cultivars and may
also be released as cultivars, This effort should con-
tinue. Screening of the existing germplasm against



collar and root rot should immediately be initiated to
find outihe resistant/tolerant lines. Steps should imme-
diately be taken to develop disease-resistant varieties.
Help may be sought from ICRISAT in this regard. The
effort to develop late-sown cultivars should continue.
Of late, kabuli-type chickpea has become popular.
High-yielding, discase-resistant, medium/bold-seeded
kabuli cultivars may be developed through direct
introduction from ICRISAT. Efforts should be made to
release the promising lines already in trials (BARI
1987).

Khesari

Efforts should continue to develop low-toxin, high-
yielding, early maturing cultivars resistant to downy
and powdery mildew diseases.

Black gram

Early maturing, high-yielding, puwdery mildew-resis-
tant cultivars should be developed. The variability in
the existing germplasm for vield is very low. Efforts
should be made to create variability through extensive
zrossing, mutation, and introduction. There are some
lines which are tatl and are of the creeping type, grown
in the gragses under zero-tillage conditions. A crossing
program should be taken up involving these to see it
this character can be transferred to the common culti-
vars.

Mung bean

Early maturing, YMV-resistant/tolerant, and
cercospora-resistant cultivars should be developed for
early rainy-season planting in the southern part of the
country, where about 60% of the tatal mung bean is
produced. These cultivars should fit into the aus rice-
aman rice-mung bean cropping patiern. The same
should also be developed for August planting in the
northern parts of the country so as to fit into the aus
rice-mung bean-postrainy season cropping pattems.
During this time there is a risk of waterlogging, there-
fore tolerant cultivars are needed.

Cultural Management

A vast area in Rangpur and Dinajpur districts remains
fallow after the harvest of aman rice in December/

January. These soils favor the vegetative growth of
chickpea, but without pod setting. Initial investigations
show that this is due to boron deficiency (BARI 1987).
This investigation should be extendedto other locations
to determine the actual cause, and to arrive at an
effective remedy to the problem. It may help to bring a
larger area under chickpea cultivation. A survey needs
to be carried out in the pulse-growing areas to analyze
the soils of the best pulses plots for soil type, nutrients,
moisture, and Rhizobium status. On the basis of this
ideal soil type, the necessary nutrient requirement
shouldbe ascertained. The soil physicists should monitor
the levels of soil moisture of the best pulses plots during
sowing, plant establishment, flowering, podding, etc.
to develop appropriate irrigation experiments for par-
ticularsoil types. They should also extensively monitor
the soil-moisture status of the farmers® fields during
sowing and design an appropriate experiment to help
screen the germplasm for germination capability under
minimum soil-moisture regime.

Agronomists should continue experiments on the
aus rice-mung bean/black gram-postrainy  season
cropping pattern to see how any depressing effect of
mung bean or black gram on subsequent crops can be
overcome. Experiments should continue to develop
standard cultural practices which will ensure good
plant stand and higher and stable yields. Large-scale
production of inoculum shouid be undertaken for dis-
tribution among the fanmers.

BARI agronomists reccommended the appropriate
seed rate for newly developed cultivars on the basis of
an experiment conducted at their research stations
under ideal conditions but this is not sufficient under
farmers’ field conditions. As a result farmers do not
want to follow these recommendaticns. A large-scalc
survey should be conducted during sowing on the seed
size, viability, and sced rate used by the farmers to
determine a rate that can be followed directly for the
new cultivars.

On-Farm Research Division

Scientists are at present conducting farmers’ field trials
with the newly developed cultivars and any new
technologies generated by other research divisions.
They should include aus rice-mung bean-postrainy
season cropping patterns in their farmers’ field trials in
suitable areas.

Plant Protection

The present screening of crop cultivars against major



discases and pests under natural conditions is not
enough. This should be supplemented with screening
under artifically augmented conditions, Henee facili-
ties should be developed for artificial sereening against
discases and insects, 1o help breeders sereen their
gemmplasmand segregating populations, Efforts should
be made to develop pod borer-resistant/tolerant culti-
varsinchickpea, mung beanand pigeonpea, ICRISAT's

help in supplying Helicoverpa-resistant nurseries of

chickpea and pigeonpea should continuc .

Entomologists should continue their etfort 1o de-
velop integrated pest-management schedules and also
an economical chemical spray schedule for the control
of pad borer on chickpea, mung bean. pigeonpea. cic,
They should also study the feasibility of biological
control of major insect-pests by using eflective insect
pithogens.

Socioeconomics

The sociocconomie reisons contributing to the decline
inthe areaunder pulses and the low level of production
should be correctly determined and remedies suggested
by agricultural economists so that the present problems
in pulses production can be effectively resolved.

Discussion

R. N. Mallick: Higher biomass legumes are essential
for livestock feeds. Have vou plans for a future thrust
onkhesariand black gram for higher biomass for dairy -
development areas such as Bagabari?

M. M. Rahman: We hasc already identified some
higher biomass lines in Khesari. The livestock people
are welcome to take up collaborative research on this
aspect.

M. A. Khaleque: Storabilny is an important subjectof
pulses. but this has been omitted. Will you Kindly give
me some idea about these?

M. A. Islam: A detailed presentation on storage of
pulses has been made in the plant-protection session.
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Status and Future Breeding Strategies for Chickpea

M.O. Islam, M. Matiur Rahman, A. Rahman, A. Sarker, and W. Zaman

Regional Agricultural Research Station, Ishurdi, Pabna, Bangladesh

Abstract

Chickpea (Cicer arietinum L.) is the third most important pulse crop in Bangladesh. Low and highly
unstable productivity has limited the expansion of the area under this crop. Local and exotic germplasm
has been collected, evaluated, and characterized. Linkages have been esiablished with international
institutes. A chickpea cultivar Nabin was released in 1987. 1t is earlier in maturity and has a larger seed
size than local cultivars. Constraints to higher productivity have been identified. Crosses among sources
of resistance to root diseases and local cultivars are being made since 1984185 and segregating
populations are being screened in wilt-sick plots. International trials and nurseries and elite breeding
lines received from ICRISAT have been tested and selections made. Multilocational trials of several of
these selections over 3 vears have identified ICCL 83007 and 83008 (kabuli) and ICCL 83228, 83107,
83105, and 83103 (desi) as promising. There is a need to expand the program and develop scre.ning
Jacilities for botrytis gray mold, collar rot, and Helicoverpa pod borer. Introduction of extra short-
duration cultivars may help fit this crop into different crop sequences and in late sowing. Screening
facilities for emergence under limited moisture, for drought tolerance and for high-input conditions are
required. There is aneed to breed for relatively larger seed size and consumer preference, and to produce

larger quantities of breeders’ seed.

Introduction

Among the pulses grown in Bangladesh, chickpei
(Cicer arietinum L.) ranks third in area (47 000 ha) and
production (37 000 1) and contributes about 20% of the
total pulses (BBS 1987). About 85% of the chickpea
crop is grown in the five greater districts of Faridpur.
Jessore, Kushtia, Rajshahi, and Pabna (23°-25"N lati-
tude). Here, the soils are loam and clay loam with
moderate moisture-retention capacity. The pH ranges
from 6.5 o 7.5.

About 5% 1o 8% of the chichpea is grown in the
Tista floodplains arca of castern Bogra, Joypurhat,
Serajganj, anid parts of Rangpur and Disajpur districts.
Here, the soils are silty clay lown, with pH ranging
from 5.5 106.5. In this area the plants sometimes suffer
from overgrowth due to excess soil moisture (160 mm
-450mmat 100 cmdepth). Chickpeais alsosporadically
grown in a few other small pockets, i.c., Dhaka.

Mymensingh, Barisal, et¢. In other parts of the country
this crop does not grow well due to unfavorable
agroclimatic conditions.

In the traditional chickpea-growing areas about 60-
65% of the crop is grown under the auy (rainted) rice/
jute-fallow-chickpea cropping pattern. In this pattern
chickpea sowing starts at the beginning of November,
and is harvested by cuarly March, in the southern parts
of the country. In the northem districts, it is sown in
inid-Novemnber and harvested in [ate March or carly
April. The remaining 35-40¢4% 1~ grown under the aman
{rainy-season) rice-chickpea-fallow cropping pattern
under liate-sown conditions.

The mean yield of chickpea is 765 kg ha ' (BBS
1987). The main reasons for this low productivity are
discussed below.

1. Lack of standard cultural practices:  Standard
agronomie practizes which canensure highyields have

Citation: BARI (Bangladesh Agnicultural Research Institute). 1991, Advances in Pulser Research in Bangladesh: proceedings of the Second
National Workshop on Pulses, 6-8 Jun 1989, Joydebpur, Bangladesh. Patancheru, A P. 502 324, India: International Crops Rescarch Institute for

the Semi-Arid Tropics.
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not been developed yet. As this crop is extremely
sensitive to soil moisture, and its response to irrigation
is inconsistent (in some cases negative), it may put up
excessive vegetative growthand lodge in high-moisture
conditions (Smithson et al. 1985). As a consequence,
farmers do not use any inputs fertilizer/irrigation) for
chickpea cultivation.

2. Late sowing:  About 35-40% of the chickpea is
sewnas late as the end of December. However, the crop
maturity date is almost fixed by early rains. The eftective
crop period is reduced from 140 days (20 Nov sowing)
to 100 days (1st Jan sowing) according to Rahman and
Mailick (1986). The late-sown crop generally has a
shorter period for vegetative growth, which, coupled
with moisture stress, and a rise in end-scason tem-
perature, results in poor yields.

3. Cultivars:  Like other pulses, farmers also give
the lowest priorily and care to chickpea cultivation.
Existing cultivars are small-seeded desi types. These
give unstable yields because they are susceptible 10
discases and insects (Kumar 1984). However, under
good management there is a potential to obtain high
yields of 4.5t ha *.

Ail these factors, coupled with the expansion of
wheat and horo (wintery rice, have led 1o a decline in
the arca under chickpea, at the rate of 700 ha vear'
{BBS 1987). To halt this decline, a multidisciplinary
coordinated research program on pulses was initiated
at the Bangladesh Agricultural Research Institute
(BARD) in 1979 with financial support from Interna-
tional Development Rescarch Centre (IDRC). Since
then, some progress has been made in chickpeua breed-
ing, some problems have been identified, and breeding
efforts huve been concentrated on the major con-
straints. The objective of the present paper is to review
past activities and suggest future breeding strategies,

Research Progress in Chickpea Breeding

Research on pulses, though initiated in the carly 1950s,
focused mainly on gemiplasm collection and evalua-
tion. Tne chickpea cultivars Sabur, Bhungurad5, and
Faridpur I were identificd for commercial cultivation
during 1955-1962. Linkage was established with
ICRISAT in 1978, and since then BARI has been
receiving germplasm, advanced lines, and segregating
populations fromthere. During 1979-81, 208 desi-type
and 149 kabuli-type germplasm, 149 F..24 F, prog-
enies, and 37 late-sown genotypes were evaluated
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(Islam et al. 1982). However, no genotypes were
lected subsequently.

Germplasmcollection andevaluation, and handl
of segregating materials and trials conducted h:
been summarized in Table 1. During 1982-89, ¢
germplasm lines were collected from the Intermatio
Crops Rescarch Institute for the Semi-Arid Trop
(ICRISAT). BARIand ICRISAT jointly collected 2
local germplasm lines in 1985. Testing of advanc
materials from ICRISAT trials, i.e., ICCT-DS.ICS
DS, and ICSN-DM continues. One chickpea cuitiy
Nabin (S} was released in 1987. This cultivar evolv
through selection derived from ICCL 81248 of ICS
DS. which was introduced at Regional Agricultu
Rescarch Station (RARS), Ishurdi in 1981/82. Nal
has a larger seed size, and yielded 14% niore than t
chickpea cultivar Pabna Local and 36% higher th
chickpea cultivar Hyprosola. Nabin also flowers e
lier than both Pabna Local and Hyprosola,

Chickpea sulfers from a range of discases
which wilt (Fusariim oxxvsporum), dry root rot (R
zoctonia hataticola), collar rot(Sclerotium rolfsii), a
botrytis gray mold (Bowrviis cinereay are importa
(Ahmed et al. 1982; Smithson et al. 1985). Eleve
species of insect-pests have been recorded. Pod bor
(Helicoverpa armigera) is the only damaging pest «
chickpes (Rabman et al. 1982). Considering the aboy
factors, BARI changed the breeding approachin 198
The pulses program was shifted to RARS, Ishurdi |
1984 (Kumar 1984). The research effon is concer
trated on the following ficlds (Kumar 1485).

Breeding for disease resistance (wilt)

BARI has been trying to develop wilt-resistant cult

varssince 1984, A numberofesoticand lecal germplast

lines have been screened in the wilt-sick plots

Joydebpur and Ishurdi and some resistant aenotype
have been identified from both sources, BARI has als

been introducing International Chickpea Root Rot an
Wilt Nursery (ICRRWN) from ICRISAT and screen
ing this nursery in wilt-sick plots. A few lines haw:
been identitied resistant to wilt (Table 2). Their yielt
potential is being tested over locations and years. Somy
of them may be released as commercial cultivars ever
though they are not resistant to the root-rot pathoget
prevalent in this region. As yet, resistance to collar ro
and botrytis gray mold has not been found (Smithson ¢
al. 1985). A suitable field-screening technique agains
botrytis gray mold is not available. In addition to ou
own cfforts we look forward to ICRISAT's success in



Table 1. Chickpea trials and materials evaluated in Bangladesh, 1982-89.

Sources of Source of No. of promising
germplasm trial lines studied
material

Promising entries

Year BARI ICRISAT BARIICRISAT F, F, F, F, F, F, selected Remarks

1981/82 - 528 2 7 - - 16 10 - - KB850,L 550, K 850727, ICC 7968, Less affected
-7942, -7969, ICCL 81248 (S1) by botrytis

1982/83 - 528 2 6 - - 5 15 - - HMS®6, ICCES,ICCL 80031, S1 found
-81248 (S1), -73111,-74304, promising
Pule G4, -G-7,

1983/84 - - 6 3 - - 713 - - ICCL83001,-83002, -83008, -83150,
-83251, -83228, -83223, E2, L9,
E9,E 20.E 24, ICC 4951

1984/85 - 211 3 5 - 2312 - - - L62E2E24,E9ICC4920,
-8585, -9323.

1985/86 281 - 12 3 8 - 9 5 - - ICCLB3228,-86210, -84205, -82230,
-82127, -83103, -83108, -83107,
-83007, -83008, -85222,1CC 11320
RPSP 336.

1986/87 - - 12 1 10 38 -335139 - J43(F,,. 15(F) ICCL 85204, -85222, S1 released
-84204, -85226, -85324, -84201, as Nabin
-83107, -82127, -83.4085, -83150,
-83228, -86210, -K6237, -80236.
ICC 11320

1987/88 741 - 6 1 14 - 25 - 6 - ICCLI1320,ICCL 86237, -86236, Found
-86210, -85204, -84212, -85103, tolerant to
-83105. -83107, -53228_ -82127, botrytis
-83007. -83008, -85102, RBH 243(b),  and suitable
-127ta),- 1091a), -220¢a), -333, for advanced
ICC-11320 trials

1988/89 741 - 9 2 21 102 - 38 19 10 ICCL 83103, -83007.-83105, -83228,  WR'

ICC 11320.

ICCL 84212, -85151, -83153, -86237,
ICC 11320

Suitable for
late sowing.

1. WR = Wilt resistant

identifying varicties resistant to these important dis-
cases (Kumar 1990).

A crossing program involving local cultivars and
exotic wilt-resistant germplasm was initiated in 1984
and the segregating materials are being screened in
successive generations in wilt-sick plots (Kumar 1985).

A good number of resistant F, families have been se-
lected. This program is continuing, with more local and
wilt-resistant germplasmbeing included. The pedigree
method of selection has been followed with emphasis
on higher number of pods and branches per plant, large
seed size and wilt resistance.
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Table 2. Mean yield of best-performing wilt-resistant entries, Bangladesh, 1985/86, 86/87, 88/89,

100 Disease
Yield (tha") seed reaction
mass N
Entry/Cultivar 85/86 86/87 88789 Mean () Wikt Botrytis  Observation
ICCL 83107 2.7 1.4 1.7 1Y 19.2 R' S
ICCL 83228 25 1.8 2.0 2.1 11.9 R S
ICCL 83103 31 1.7 23 24 20.8 R S
ICCL 83607 1.2 I3 1.5 14 28.7 R S
ICCL 86237 NT NT 1.6 - 14.3 R MR Botrytis
tolerant/ L.SP
ICCL 84232 NT NT 1.6 - L R S
ICCX 8401 14(F ) NT NT 1.7 - 10.1 R S
S G 74(F)) NT NT 24 - 14.0 R S
JG 74+ Sabur 4(F,) NT NT 1.8 - . R S
Nabin 1.8 1.5 1.9 1.7 135 S S

I. 8§ = Suscepuible, R = Resistant, MK = Moderately resistant, NT =

Not ested, LSP = Late sowmng potential.

Breeding for late-sawing porential

BARI has been trying 10 develop cultivars for late-
sown conditions since 1986, Six wilt-resistance lines,

83103 have been identified on the basis of their st
growing habit and large number o1 tertile pods. Their
vield potential will be tested in different locations from
next year. Besides these, a modest etfort 10 develop
suitable kabuli-type cultivars continues. Two lines.
ICCL R 3007 and 83008, have been identified to be high
vielding and wilt resistant,

Future Breeding Needs and Strategies

Chickpea yields can be increased substantially in tra-
ditional growing arcas, provided  the high vield is
stabilized by mcorporating discase resistance. Chickpea
should be extended to non-traditional zones like Barind
to increase the total production. For this, we must
develop the following:

1. Muliiple disease-resistant (wilt, root rot. and
botrytis) cultivars, with ICRISAT s help. More-
over, germplasm screening should be initiated
against ¢ 'lar rot to identity resistance sources,

2. Cultivars suitable for raditional and non-tradi-

tional zones i the rice-fallow systems. Im-
provenient of chichpea under fate-sown condi-
tions could be favilitated by combining tolerance
to cold and drought. and fast growing habit and
short duration.

A chichpea cultivation package for the Burind
tract ot greater Rajshahin district where only one
rice crop, e docal aman (rainy-season) rice, is
grown traditionally due 10 lack of sufficient
moisture. A cropping pattern trial conducted by
the On Farnm Research Division. (OFRD) in
T988/89. mdicated that green manure-aman rice
(BR-14)-chickpea has wide scope in this region.
Alarge area (aboat 0.75 m ha) which otherwise
remanns fallow could be sown 1o chichpea. For
this purpose thermoneutral, drougt-tolerant and
fast growing cultivars are necessary, 'CRISAT
has already identitied a drought-tolerant geno-
type, ICC 4958, which possesses a prolific root
system QCRISAT (9891, Islum et al. (1987)
have reported genetic variability and significant
contribution of root characiers to shoot growth in
chickpea.

Cultivars with restricted growth, Some parts of
Bogra and Dinajpur remain fallow after harvest
of aman rice. The soils are silty clay loam 1o silty
loam, and soil moisture is quite high. Therefore,
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Table 3. Biotic and abiotic stresses for chickpea and priorities for research in Bangladesh.

Traditional zone

Nontraditional Zone

Gangetic Tista and Brahma-
Stresses floodplains putra fioodplains Barind tract Observation
Biotic
Wilt, rot root collar rot It 1 2 Severe crop damage
in epidemic years.
Botrytis gray mold 1 1 0 Same as above (Epi-
demics in 1981/82
Helicoverpa pod borer 2 2 3 and 1987/88).
Abivtic
Drought 1-2 0 1
Excessive soil moisture | 0 0
Micronutrient deficiency 2 | 3

1. 0 =no problem, 1 = farst priority, 2 = second priority, 3 = third priority.

chickpea plants in these regions grow vigorously
and produce sparse pods. A preliminary soil test
1esponse study at Rangpur indicated that it may
be due to a deficiency of boron and other micro-
nutricnts (BART 1985). However, the tocal cul-
tivars set more pods and vield better than the
exotic lines under these hight soil conditions.
Screening of local and exotic germplasm should
be imtated immediately in the hight-rextured
sotls to identity desirable genotypes for these
conditions, so that the potential fallow areas can
be made use of.

Cultivars which can emerge in limiting soil
maoisture. Crops in farmers” fields inrice fallows
or elsew here show suboptimal plant stands, pri-
marily caused by poor germination/seedling es-
tablishment under the low soil-moisture regime
(Kumar 1984). The existiing moisture conditions
have already beenrecorded by ICRISAT (Saxena
1987). Possibilities for developing  cultivars
capable of fast germination under mininum soil-
maisture cenditions should be explored.

Cultivars tolerant to Helicoverpa armigera.

A more cfficient iveotype of chichpea. Plant
architecture has played a signiticant role in crop

improvement for high-yielding genotypes in
various crops. Soybean provides one of the best
examples of the potential of plant architecture in
augmenting yield (Islam 1986). In relation to
chickpea, Singhand Auckland (1975), proposed
a plant type concept with high pod-formation
potential, a greater number of seeds per pod and
larger seed size. A plant canopy designed for
maximum light interception, and growth of
structural attributes should favor high harvest
index. Bahl (1988) suggested that plants should
be medium-tall or tall with upright and compact
habit. optimum number of primary and second-
ary branches, and fewer tertiary and late-order
branches. Islam et al. (1987) observed a pre-
dominant positive effect of active nodules on
grain yield. provided the crop was grown in a
suitable environment. While considering the
character associations, pods plant! and seeds
pod' were found to be significantly and posi-
tively correlated with seed yield, but this is of
little utility in selection Seed size is highly
heritable and variation is predominantly addi-
tive, and also correlates positively with seed
yield. However, increase in seed size is usually
accompanied by decrease in the number of pods
per plant and seeds per pod.

There is clearly a delicate source-sink bal-
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ance (Smithson et al. 1985), Notwithstanding
this, increased seed size may be achievable
withoutaffecting podand seed numbers. Finully,
ithas been recommended that large seed size and
more pods per plant should be used as selection
criteria in conventional breeding following the
pedigree method ot selection, Besides, disruptive
selection may be a suitable procedure tor such
desirable trait recombiations. Lal and Tomer
(1980), using thismethod. developed lines (HMS-
6) having 210 3 seeds per pod, without adversely
affecting the size. Furthermore, recurrent selec-
tion may serve o simultancous]y improve seed
size and pods per plant or seeds per pod. maxi-
mizing heterozygosity, crossing over, and re-
combination among alleles at linked loci, This
method also incorporates multiple penotypes
intoacentral popalation, leading toabroader use
of germplasm, breaking of linkage blocks, and
release of desirable penetic recombinations
(Jensen 1970),

& Cultivars responding to high inputs,
9. Zone-specific cultivars with standard packages.

10. Further linkage with ICRISAT for obtaining
crosses with local cultivars and sources of rests-
tance.

Discussion

M. O. Hyder: lt is observed in mustard that polyploids
have the ability to produce more seeds. Polyploids of
some of our pulses might have the potential for higher
productivity,

M. O.Islam: Polyploidy (tetraploidy) has been tried at
ICRISAT but was not found to be usetul.

M. 8. Hoque: You have included in your studies,
breeding for disease resistance and breeding for late
sowing, besides high yield. But you have not included
breeding for high nitrogen fixation. since the cropis a
legume, and our soils are very deticient in nitrogen
content. Do you not think that this is an important
aspect for this crop ?

M. O. Islam: I have included disease resistance and
late sowing potential as these two are the major con-
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straints to high yield. Thave also given priority to high
vield. In our observation chickpeayield is directly and
positively cortelated with a high nodulated condition,
nrovided the crop is grown under suitable conditions
toptimum soil moisture and nutrient status). It is also
out observation that highly nodutated genotypes pro-
duce profuse vegetative growth and finally give poor
viehds.

P. X, Bahb: It has been reported that there is no pod
setting in chickpea in a couple of districts which
represent tlood-prone areas. Possibly, it is due 10 the
exeessive moisture. From our experience in India we
may suggest that late sowing should be tried in such
areas. This practice will cut short the vegetative phase
of the crop. However, asa crop lentil is more amenable
to late sowing than chickpea.

M. O. Islam: Thank you for your comment, but our
observation is that in these districts the addition of a
small anount of boron produces goud results. More-
overour local genotypes are capable of producing pods
i this condition. I have also observed that in flood-
prone arcas chickpea can grow well. However. T also
agree with you that there is a failure of pod formation
in conditions of excessive soil moisture.

S K. Roy: Isthere any material that will givemore than
one pod per node? If so, can't it be used in a breeding
program to increase the number of pods per unit arey?

M. 0. Islam: Genotypes producing 2 pods per pe-
duncle are available at ICRISAT. Our objective is to
increase yield as well as disease resistance. It may
come through single pod per node or double pod per
node, as the genotypes have certain limits to pod
formation capacity. So. double pod per node cannot
ensure an increased number of pods per unit area,

C.L.L. Gowda: This character (2 pods per node) had
been used extensively in the breeding program at
ICRISAT. India. and we have been able to increase the
pod number, and thereby, the harvest index.

M. H. Mondal: You have considered largerseed size
as your selection eriterion for yield. What will the
proposed seed size be? And there is the question of
seed viability - generally larger seeds are less viable
than smaller seeds.

M. O.Islam: Thank you for your comments. We have
to make a compromise for this trait, in order 10 kecp



yield as our first priority. Yes, generally smaller seeds
have better viability than larger seeds.
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Status of Leutil Breeding and Future Strategy

A. Sarker, M. Matiur Rahman, W. Zaman, M.O. Islam, and A. Rahman

Regional Agricultural Research Station, Ishurdi, Pabna, Bangladesh

Abstract

Lentil (Lens culinaris Medic.) is the most preferred and second most importaat pulse crop in Bangladesh.
Low productivity has progressively reduced the area under this cror,. Over 1518 local ¢-d exotic
germplasm lines were collected (1979-84) and evaluated (1982-87). None of these lines were superior
10 BLL 79694 (L 5)withrespect to vield, maturity. and resistance to the prevalent diseases. However, some
of these had larger seed size andwer s esistantio rust and stemphylium blight. Varianilityamong the local
germplasm is very low. L 5 was purified and kas been proposed to the National Seed Board for
recommendation. Hvbridization between 1.5 and large-seeded. disease-resistant accessions was initiated
in 1984/85. These crosses areinthe F and F | generations. Introductions from ICARDA are daylength
sensitive and so far no useful selection has been made from these. At our request ICARDA made crosses
of L 5 with rust-resistant parents and sent us the F | generation in 1988. We propose 1o obtain more

germplasm and attempt crosses to incorporate resistances, improve seed size, and earliness.

Introduction

Lentil (Lens culinaris Medic.) is the second most im-
portant pulse crop in terms of both area and production,
and rates the highest consumer preference.  During
1985/806, it was grownon about 67 000 haand produced
47 000 tof grain with an average yield of 700 kg ha ',
It contributed 25% of the total pulse production (BBS
1987). This crop is generally grown in the traditional
aus (rainfed) rice/jute/fallow-lentil cropping patter
and can also be grown in the proposed aus/jute-black
gram (Vigna mungo (L.) Hepper/mung Lean (Vigna
radiata (L.) Wilezek) - lentil pattern. Itis cultivated as
a sole ormixed crop with mustard(Brassica campestris
1 ),andtoavery smallextent, as arelay cropwithaman
(rainy season) rice. The existing local varieties are
small seeded, have low yields and are susceptible to
diseases like collar rot, wilt, rust and stemphylium
blight. Moreover, the crop faced tough competition in
the recent past from cereals, particularly wheat and
boro (winter) rice, due to the expansion of irrigation
facilities and the availability of high-yielding varieties.
There has been a tremendous diversion of land from

winter pulses to these cereals. Therefore, there isaneed
to increase the productivity of lentil, so that it becomes
remuncritive to farmers. The various constraints tc
productivity and the efforts made to alleviate these
constraints have been discussed in this paper. Factors
responsible for low productivity are both genetic and
cultural, The main genetic reasons are given below.,

1.  Low vield potertial of the existing varieties:
Cultivated lentil varieties are inherently low
yieiding, owing tofactors suchas less branching,
fow podding intensity, and small seed size.

2. Susceptibility to diseases: The major diseases
affecting lentil are rust (Uromyces fabar) and
stemphylium blight (Stemphivlium sp). The inci-
dence of stemphylium blight in Bangladesh was
first reported during 1980/81. It has caused
considerable losses to crops in the last few years.

3. Poor response to high inputs: The cultivars
used at present do not respond to fertilizers and
irrigation. It is well known that genetic erosion

Citation: BARI (Bangladesh Agricultural Research Institute). 1991. Advances in Pulses Research in Bangiadesh: proceedings of the second
National Workshop on Pulses, 6-8 Jun 1989, Joydebpur, Bangladesh. Patancheru, A.P. 502 324, India: International Crops Research Institute for

the Semi-Arid Tropics.
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has occured in most of the pulses due to continu-
ous cultivation in marginal and poor soils, but
enough potential still exists and the crop may
respond well to better management.

4. Low level of suwing by farmers: Instability of
yield is one of the main factors that discourages
farmers from sowing lentil. Therefore, total pro-
duction in the country is reduced. It is essential
1o develop varieties that give consistently high
vields over different locations and years under
varying soil and climatic conditions.

5. Delay in sowing by farmers: Winter in
Bangladesh lasts only 100-110 days. Farmers do
not sow 1n time. Theretore. the crops have an
even shorter period for vegetative growth, and
are severely affected by rust and stemphylium
blight. resulting in poor vields.

6. There is a lack of standard cultural practices 1o
ensure highand stable vields for thiscrop. There-
fore farmers do not give enough importance and
nputs to lentil cultivation,

Bangladesh Agricultural Rescarch Institute, (BARI)
has attempted 1o overcome these genetic limitations
through conventional breeding approaches. Some
progress has been made.

Achievements

Although research on lentil was initinted during the
carly 1950s. the main effort was directed at the collection
and evaluation of local germplasm. A few lines were
tested over locations during the carly 19605 but no
progress could be made (Gowda and Kaul 1982). With
the inception of the Pulses Improvement Program at
BARIin 1979, lentil breeding work was restarted, with
the objective of developing short-duration high-yield-
ing varieties. For this purpose, a vigorous effort was
initiated to collect local and exotic germplasm. These
were evaluated under local conditions (at BARI) to
select the desirable types. So far 318 local and 1200
exotic germplasm lines have been collected from the
International Center for Agricultural Research in Dry
Areas (ICARDA), Syriaand Plant Introduction Center
(PIC), Washingion, USA and India (Table 1). All the
lines were evaluied and preliminary selections were
made for yield and other specific characters. It was
observed that none of the exotic materials performed
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Table 1. Lentll germplasm collected and utilized at BARI,
Joydebpur, and Ishurdi, Bangladesh, 1979-1984,

Local Exotic

Year germplasm germplasm'
1979 78 550 (ICARDA + 400)
1980 139 (None)
1981 101 50 (India)
1984 0 200 (ICARDA)

Total 318 1200

Present position 318 692

. Many exoiic lines did not flower at all and most of them were of
the macrosperma type.

better than the focal types with respect to yield, dura-
tion, disease response or any other character except
seed size. The macrosperma type, which originated in
the Mediterranean region, does not perform well under
Bangladesh climatic conditions, although some cul-
tures were found to be resistant to rust and stemphylium
blight. However, these are extremely fate and sometimes
setfew orno pods. The local collections exhibited very
narrow genetic variability in respect of maturity, yield,
and other characters. However. podding intensity
was good in a few cases(Sarwareral. 1981 ). Among
the local stocks, a landrace (accession no. BLL 79694)
collecied from the Pabna district was found 1o be the
highest yicelder. This line, along with other selections
from lo-al and exotic scurces, was tested during 1982-
87 in different locations (Tables 2 and 3. It was
observed that BLL 79694 performed well, and produced
stable yields over years and across locations. This was
proposed for recommendation as a commercial variety
in 1989. This variety is early maturing (100-110 days),
and has medium plant height (35-40 cm) with non-
tendrillar growth habit bui smaller seed size ( 1.4-1.6g
100 seeds™).

Very litile success has been achieved in the selee-
tion and adaptation of exotic germplasm in our envi-
ronment through direct introduction. Therefore, the
breeding strategy was recast in 1984 and short- and
long-term approaches are now being followed (Kumar
1984, 1985). The short-term approach was 1o collect
more exotic germplasm, evaluate them, and select
better genotypes for immediate release as cultivars.
Some of the selections from exotic sources are in
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Table 2. Seed yield (t ha') of BLL 79694 (L 5) and other test lines at various locations, 1981/82 to 1983/84.

1983/84 Different locations'

1981782 1982/83 Overall
Entries (2 Locations) (4 Locations) Isd. Jam. Jes. Joy. Raj. Mean mean
BLL 79592 0.96 0.88 299 1.50 232 1.18 1.85 197 127
BLL 79554 0.61 0.85 283 1.40 2.62 1.40 1.83 202 116
BLL 79504 093 0.90 323 1.30 2.54 1.08 1.93 202 1.28
BLL 79546 0.65 0.79 KX} 1.20 243 1.07 1.85 192 112
BLL 79543 0.93 0.84 3.14 1.40 2.54 1.27 1.79 20 1.7
BLL 79513 0.97 097 2.89 1.50 244 0.48 2.10 188  1.27
BLL 79694 (L 5) 1.03 0.85 347 1.70 2,61 1.10 2.04 218 130

1. Isd: Ishurdi; Jam: Jamalpur; Jes: Jessore; Juy: Joydebpur; Ra): Rajashahi.

advanced generations and under multilocationat yield
tests (Tables 3 and 4). The long-term program is to
develop short-duration, high-yielding rust- and
stemphylwim blight-resistant varieties with refatively
largerseed size. The hybridization program was initiated
in 198%4/85 with the objective ol incorporating rust
resistance and large seed size into the widely adapted
line BLL 79694 (1. 5).

In addition 10 LL S, the tollowing parents are being
used in this program:

Rust resistance CRA233RI22R L

Stemphylium resistance @ V 81103

Bold seed 0 79660, 84248, R4228,
84233, 84143

T 79542, 79437

> 19—

4. High podding intensity

Different cross combinations were made among these
parents in 1984/85 and their progenies are in different
generations. The segregating populations are being
screened against rust and stemphylium blight using
lines highly susceptible to rust (BLL 81149) and
stemphyiiom blight (BLL 81124) as spreader rows
afterevery Srowsof segregating materials. The pedigree
method of selection is being tollowed and individual
plants/families with resistance to both discases, high
podding intensity, and earliness are selected for the
next generation. At present atotal of 7 F and 106 F,
tamilies are being advanced.

In 1985, ICARDA was requested to make some
crosses using L-5 and their rust-resistant fines, and o
supply us with the segregating populations (Kumar
1985). This program has received F, generations of 8

Table 3. Seed vield (t ha) of BLL 79694 (L 5) and other test lines at various locations 1984/85 - 1986/87.

1984/85 1985/86! 1986/87"
Over-
2 Isd. Jes. Joy. Raj. Jam. Mean  Isd. Joy. Dinj. Mean all
Entries Locations Mean
BLL 81114 1.34 204 1.05 L4 1.11 1.30 1.31 1.34 0.99 1.07 .13 1.26

BLL 81122 115 2.14 1.08 1.26 119
BLL 81124 0.94 1.61 0.93 1.24 1.19
BLL 81143 1.39 211 0.85 1.20 113
BLL 81150 1.48 222 078 0.88 1.11
BLL 79694 (L 5) 1.56 232 094 113 1.08

1.3 1.40 1.53 0.89 1.02 1S 1.23
0.63 1.12 095 0.79 033 069 092
097 1.25 1.77 0.83 0.67 1.09 1.24
1.17 1.25 1.75 0.98 0.81 118 131
1.31 1.35 1.69 0.89 099 119 137

1. Isd: Ishurdi; Jes: Jessore; Joy: Joydebpur; Raj: Rajshahi; Jam: Jamalpur. Dinj: Dinajpur.
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Table 4. Seed yield and other characters of promising
lentil lines at Regional Agricultural Research Station,
Ishurdi, Bangladesh, 1989/89,

Daysto Plant height 100-seed  Yield

Entries maturity (cm) mass (g)  (tha')
BLL 81122 113 38 1.6 1.8
BLL 84135 121 42 26 1.29
BLL 84143 117 40 29 1.08
BLL 84248 124 4 3.8 1.92
BLL 85049 120 47 23 1.81
BLL 80010 118 39 1.7 1.75
BLL 80038 117 37 1.7 1.50
BLL 80018 117 40 1.6 175
§113-55 112 36 1.6 1.95
BLL 79694 (L 5) 112 36 1.6 1.70
C.D.(0.05) 243 4.3 0.6! 0.319

crosses this year. These will be screened under
Bangladesh conditions following the above procedures,
Besides these, we received 29 F bulks (LIF,T-E) from
ICARDA in 1984/85 of which 7 F, lines have been
developed for single as well as multiple characters.
These lines and their characters are as follows:

Rust resistance : 10316, 135-5, 110-78

High podding : 125-5, 113-55, 110-117. 113-5]
Maturity © All 7 selections are at par with
LS €110 days)

113-55, 113-51, 125.5

o —

4. High yield

From these selections, the line 113-55 is now undergo-
ing multilocation yield trials and others have been
included in the hybridization progrum for specific
characters.

Wealso received and evaluated 224 lines under the
Lentil Intermnational Yield Trial (LIYT) and Lentil
International Screening Nursery (LISN). Most of the
lines were late and did not flower. or flowered late, and
produced only afew pods developed at the top branches
of the plant. Moreever, in some cases the plants died
due to diseases like collar rot and wilt, We also ob-
served restricted growth of the root system in these
lines. Only three lines (ILL 5405, ILL 5486, and 11.L
6037) were selected from the LIYT-E X8 trial for
higher yield, more podding. rust resistance, and carly
maturity. These lines are under observation.
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Future Breeding Needs

Muchlbaur et al. (1985) indicated that for a narrow
range of environments the breeding objectives should
be clearly defined. including specific characters of
locally grown cultivars that are to he improved, and
that the pedigree method may be advantageous in
selection. In Bangladesh the winter lasts only around
110 days. So the new varieties must be of about 110-
120 days® duration. Moreoever, they should be resis-
tant to rust and stemphy lium-blight diseases and must
produce stable and high yields.

Breeding varieties for high-management conditions
isalsoessential ton.ake lentil competitive with cereals,
Development of varieties that could give higher yields
under better inanagement such as fertilizers and irriga-
tion is important. Although it is well known that
genetic erosion has occurred in most of the pulses due
to their cultivation on marginal and poor soils, there is
enough potential for a favorable response 1o better
management,

Lentil can be grown in the Nt Burind arcas of
Godagari and Dinajpur regions but the lack of soil
moisture is a limiting factor during the Cropping sea-
son. It is therefore necessary to develop varietics that
can thrive well in these conditions.

Strategies

Lentilis specifically adapted and therefore gives small
yields when introduced in new environments
(Muchibaur et al. 1985). More germplasm especially
from the Indian subcontinent, should be introduced.
The  National Bureau of Plant Genetic Resources
(NBPGR). India. and ICARDA, Syria are potential
sources of germplasm. At present ICARDA maintains
about 4700 germplasm lines from 47 different countries
and we may request them to supply us materials ac-
cording 1o our needs.

The ongoing hybridization program needs 1o be
furtherintensified. involving local cultivars, Muehlbaur
et al. (1985) reviewed the vield component studies.
They concluded that branching pattern and number of
fruits reaching maturity are the most important char-
acters which contribute positively 10 yield, although
these characters are also influenced by environments
and agronomy (spacing, time of sowing, fertilizers).
Singh and Singh (1969) reported high heritability es-
timates and gencetic advanees for pod number, sced size
and grainyield. They observed that pod number had the
strongest association with seed yield and seed size had



a negative association with seed yield. Several other
workers have reported the important contribution of
pod number and primary and secondary branches to
grain yield, Smithson et al. (1985) reported that seed
size is a heritable character and larger seed size (within
acertain imit contributes positively to yield inchickpea
(Cicer arictinnm L), Theretore, during selection, em-
phasis should be given to the production of a farger
number of branches and pods.and relatively farger seed
size.

Screening against rust and stemphylium: blight
should continue with the spreader-row technigue.
However the disease incidence under natural conditions
varies, and sometimes is not sutficient 1o creite a
discase pressure on the population. Theretore.aproper
selection of the resistant plants or tamifies s ditficult,
Sutticient discase pressure maust be ensured by artifi-
cial inoculation of the tungal calture i the Taboratory.
The pathalogists should also studs whether spray ing of
Jeaves and plant parts of the susceptible lines would be
an etfective technigue to create disease pressure. par-
ticulardy for rust and stemphy bum bhight.

ICARDA’S help in crossing L5 with carly, rust-
resistant lines with farger seed size should continue. In
fact. this hnkage should be strengthened further. Co-
operation of other institutions working on lentils. such
as the Crop Development Centre, Saskatoon, Canada
USDA-ARS. Wishington State University, USA and
the Directorate of Pulses Research, Kanpur, India may
be sought for seed matertals and scientific information
regarding crop maprovement.

Therefore. to increase lentit productivity
Bangladesh. varieties of 110-120 days” duration. re-
sistant to rust, stemphylium blight, with 100-seed mass
around 2.0 g, and vield potential of 2.0-2.5 tha ' are
required.

Discussion

M. A. Islam: You want to include one legume crop,
namely mung bean. in the existing cropping pattern
i.e.. broadeast (3.) ansfjute - fallow - lentil. Yes, this
is possible. But did you observe the effect of the Tate
monsoon season (Kharif 11 mung bean onlentil as both
are legume crops?

A.Sarker; Of allthe existing and proposed patterns, B.
ausfjute-black gram/mung bean - lentil is the most
profitable one. For data and nutrient status you may
refer 10 Aziz and Rahman (1990).

S. K. Roy: There is a problem of low harvest index
(HD) for legumes. Is there any research program to
improve the Hlof lentils? Did you measure the leafarea
index (LAD of lentil? 1 so what was the range?

A. Sarker: Yes, in our long-term strategy we have
included breeding forhigher HIL Inour multidisciplinary
approach for pulses improvement we have physiology
as @ component part. Such information has already
been recommended by physiologists.

M. H. Rahman [thas been mentioned in the paper that
under local collection, accession no. BLL 79694 (L 5)
from Pabna district produced stable vields over years
and locations. We have been hearing about this for
ANy vears, of good performances L §
deserves to be released as a variety. Why has itnot yet

In view
been released?

A. Sarker: The accession no. BLL 79694 was col-
tected and evaluated for some time, After its evalua-
tionover vears and across locations, we have submitied
the documents for release of this line to the National
Seed Board this vear.
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Abstract

Khesari (Lathyrus sativus L.) occupies the first position in terms of area and production among pulses
in Bangladesh. Two hundred and six:y seven local and exotic lines have been evaluated for their
performance and neurotoxin content since 1980. Three of these Fhesari lines Jamalpur, Pahartali, and
Charbadna, were found to be high yielding. Line 3968 was relatively low in neurotaxin cortent, early in
maturity and low in seed vield. Hybridization among high-yielding and low-neurotoxin lines has been
attempted since 1984185, These and some other populations from the Indian Apricultural Research
Institute (1ARD), New Delhi, are in F 1o F, generations. A iiree-location test for the B-N-oxalyl
aminoalanine (BOAA) content of 13 lines showed significant effects for cultivars, environments, and their
interaction. The mean toxin content for the lines grown at Ishurdi was wower than that at either Joydebpur
or at Jessore. Attempts to establish association of various characters with low toxin content showed low
or no correlation. Since no faster and reliable method has been developed so far, it may not be possible
to screen large populations. It is suggested thut the single-seed descent (SSD ) method of breeding may
he followed. Screening for BOAA content may be done at F-F . generations only to select individual
progenies. In future attempts will be madc to collect more germplasm, to make more crosses, to screen
breeding populations for major discases of this crop. and to develop cultivars suituble for seed and fodder

production.

Introduction

Lathyrus sativus L., locally known as Khesari, is the
most important pulse crop in Bangladesh. In 1984/85,
it was grown on 82000 ha, with i production of 60 00()
t. The mean productivity of 735 kg ha ' is low, as in
other pulse crops. When it constitutes it major portion
ofthe dictitisknowntocause adisease called Lathyrism.
A neurotoxic compound. B-N-oxalyl aminoalanine
(BOAA), found m this species, his been associated
with the disease (Spenceretal 1986). Despite this, the
crop is cultivited widely in most parts of Bangladesh
and elsewhere because of its wolerance to drought and
excessive moisture and because it requires low inputs.
It has much wider adaptability than any other pulse
crop. Morcover, it produces guahity fodder tor milch
cattle. Itis not possible to replace its cultivation in the
toreseeable future asitis an important source of protein
in some arcas of Bangladesh. Research has indicated

that it is possible to breed cultivars which are relatively
sitfe for consumption. In this paper we describe recent
developments in this direction.

Germplasm Collection, Evaluation, and Utilization

Since 1981, atotal of 267 local and exotic germplasm
lines were collected. These were tested at Jovdebpur,
Ishurdi, and other places. The lines Jamalpur local,
Pahartahi, and Charbadna showed high vields. but were
relatively Tate maturing, Strain 3968 which was rela-
tively early maturing had low neurotoxin content but
also had lower yields (Tables T and 2).

Hybridization

Since the T984/85 postrainy scason 30 crosses have

Citation: BARI (Bangladesh Agricultural Research Institute). 1991. Advances in Pulses Research in Basngladesh: proceedings of the Second
National Workshop on Pulses, 6-8 Jun 1989, Joydebpur, Bangladesh. Patancheru, A.P. 502324, India: International Crops Research Institute for

the Semi-And Tropics.
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Table 1. Characteristics of parents used (o make crosses of
khesari, RARS, Ishurdi, Bangladesh since 1984/85,

Parent Character

3968 Low neurotoxin, early maturity
3604 High yield

LSD6 Low neurotoxin, bold seed
Jamalpur High yield

P2 High yield

8603 Low neurotoxin

8609 Low neurotoxin

8608 Low neurotoxin

P4 Hizgh yield

been made between high-vielding local cultivars and
those having carly maturity. large seed size, and rela-
tively lower-neurotoxin content (Kumar 1985) (Table
1. These populations and some others received from
the Irdian Agriculural Rosearch Institute (IARI. New
Delhi (Quader et al. 1YR86) are in F o F, generations
and will be tested for yield and other agronomic traits.
The premising segregants will be further evaluated
for their neurotoxin content and tested for their adapt-
ability.

Screening for Low BOAA Content

A number of germplasm lines and segregants have
been tested for their BOAA content using the spec-

trophotometer at Joydebpur (Quader et al. 1986; Kaul
ct al. 1986; Hussain and Khatun 1987), from which
some low-toxin lines were ideatitied. However, dif-
ferent environments and storage periods appeared to
influence the toxin content. Unfortunately the large-
scale sereening required in a major breeding program
is not possible with the present tacilities. We are now
working with other laboratories so as to adopt faster
procedures (Briggs 1988) and to expand this activity,

Association of BOAA Coatent with Morphological
Traits

Attempts have been made to associate neurotoxin
content with morphological traits and seed characters.
Dahiya (1976) observed that light cream-colored seeds
had the lowest BOAA contem Quader o1 al 11080
reported that blue- flowered hnes had relatively lower
BOAA content. Quader et al. (1988) observed that
Imes having low neurotonn content were of short-
duration matunity and low vielding, and that high-
vielding ines had high toxin content. However, Kaul et
al (1986) did not find any consistentassociation between
BOAA contentand morphological traits. A wider array
of germplasm needs to be studied to establish any such
relationship,

Evaluation of Segregating Materials

In the BARI breeding program selection is presently
made starting with the F. generation (BARI 1986).

Table 2. Mean yield (1 ha") of the entries in advanced yield trials of khesari,

at various locations in Bangladesh,

1179-1984",

1979/80 1981/82 1982/83 1983744
Line (Jamalpur) (4loc.) (4 loc.) (7 loc.) Meun
6118 1.54 L3R 1.53 1.87 1.58
Charbadna 1.80 1.48 1.77 1.83 1.72(3)°
Barisal 1.22 144 1.60 1.87 1.53
3970 111 1.40 1.63 1.82 149
3968 0.93 1.23 1.49 1.59 1.31
Pahartali 1.83 1.45 1.77 191 1.742)
6130 1.35 1.22 1.62 1.7¢ 1.54
Jamalpur
(Control) 1.94 1.36 1.78 1.99 1.76(1)

1. No data were available for 1980/81.
2. Figures in parentheses are ranks for seed yield.
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However, inthe absence of faster screening procedures
for determining BOAA content, carly generation se-
lection for this trait is not possible. 'We propose that the
sinple-seed descent (SSD) micthod be followed in the
breeding program.  This ensures a large variahility
advancing to the F, generation. After visual selection
for agronomic trints the homosygous progenies can be
evaluated for their BOAA content. The low-neuro-
toxin lines thus selected can be tested multilocationally
for their yield and adaptability.

Seed Production

We have observed substantial bee activity onthe Khesin
flowers, as also reported by Kumar (1985) and Kaul ¢t
al. (1986). There is 4-16% outcrossing i this crop
(BARI 19806). This is substantiated by the presence of
ditterent flowerand seed colors in local cultivars, even
after they are puritied. While this finding can be used
in the breeding process, special care should be taken in
producing breeders” and foundation seed.

Utilization

While the search for low-neurotoxin lines continues,
efforts should be made to detoxify the Khesart dhal
through processing atthe mill levelund/or the consumer
level. Parboiling of the dhal or soaking overmight and
decanting, and soaking in lime water have been sug-
gested to detoxity the dhal tHussain 1990).

Fulure Strategy
Priorities in the future include:

. Collection of more germplasm and its utilization
in breeding superior cultivars;

) Us ing the SSD method to achieve large variabil-
ity for homozygosity, and testing these lines for
their BOAA content;

. Breeding for resistance to stemphylium blight
and downy mildew:

. Breeding for relatively short-duration cultivars
which suit the various cropping patterns and
rotations practised in Bangladesh:

. Breeding for better consumer acceptance:

. Breeding dual-purpose cultivars for food and
fodder: and

. Strengthening linkages with other countries and
international agencies working on khesari.

Discussion

M. A. Islam: Are vou trying to develop any culrivars
of khesari for relay cropping?

M. . Rahmaa: Asastrategy ouradvanced materials
will be tested in relay cropping as the farmers” do and
the best ones will be released.

M. A. Wahhab: When does BOAA accumulation
oceur in the developing seed?

Table 3. Characteristics of six lines of khesari in trials over locations, Bangladesh, 1984-1986.

Yield (t ha')

Plant

Days to Days 1o height Pods 100 seed 1984/8> 1985/86
Line flowering maturity (cm) plant’ mass (g) {4 Locations) (5 Locations)
360012 57 11 60 43 4.5 1.61 1.58(2)
3604 58 114 53 55 48 1.63(3)' 1.45
3906 63 120 54 46 5.1 1.77(2) 1.57(3)
3968 49 104 45 39 4.9 1.61 1.35
LSD3 59 118 59 56 6.0 1.21 1.32
LSD 6 57 117 63 60 6.2 1.23 1.46
Jamalpur
(Control) 60 114 53 41 4.5 1.99¢1) 1.78(1)

1. Figures in parentheses are ranks for seed yteld.
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M. M. Rahman: | have not come across any literature
on this aspect.

P.N. Bahl: Some of the recent publications suggest
that there is a strong positive correlation betw een
protetncontent and BOAA content in Lathveus sativis
L. Dwonder if this information can be used to scan the
breeding populations in this crop?

M.M. Rahman: We may iy this in future, However,
the results of association of low toxin content with
other characters are inconsistent.
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Factors Limiting the Expansion of Summer Pulses

M. Matiur Rahman

Regional Agricultural Research Station, Ishurdi, Pabna, Bangladesh

Abstract

The Bangladesh Agricultural Rescarch Institute released a mung hean ( Vigna radiata (L.) Wilczek)
cultivar Mubarik, in 1982 and identified several dlack gram (Vigna mungo (L.) Hepper) lines for culti-
vationin the early-monsoon (kharif-1) seuson, and in the postrainy crop-mung bean-1. aman ( ruiny season)
ricelfallow cropping pattern, 1o replace aus (rainfed} rice. This has not found favor with furmers in the
targeted areas mainly due to the uncertain weather during this season. The crop musi be sown before
March, otherwise itis hadly damaged by excessive rain and humidity at maturity. Excessive moisture may
delay maturity and result in the seed rotting within the pods. About 60-656 of mature pods of Mubarik
can he harvested ar 65-70 days, but a complete harvest may take up to 3 months and hand picking is
uneconomical. Yellow mosaic virus (YMV') damage reduces vields substantially. A large area remains
Jallow between the early monsoon and postrainy seasons. This period is designated as late monsoon
(kharif11). Kanti, another cultivar of mung bean was released in 1987 Jor cultivation in this season. We
propose to lay relatively more emphasis on the development of short-duration YMV and C ercospora leaf
spot-resistant cultivars which can tolerate some waterlogging. These will Sit the aus (rainfed) riceljute-
mung bean-postrainy season crop in the northern and the 1. aman-mung bean-aus rice cropping pattern

in the southern parts of the country. The pulses program is now developing more such cultivars.

Introduction

Among the pulse crops in Bangladesh, mung bean

(Vigna radiata (L) Wilczek), ranks fifth in terms of

area and production. It was grown onabout 15 338 ha
producing 9 052 vof grain with a mean vield of 590 kg
ha' (BBS 1986).
cropping patterns. About 60-65% of the total mung
bean 1s grown under the bor twinter) rice mung bean-
ans (rainted) rice cropping svstem in five southern
districts: Patakhali, Barisal, Madaripur, Noakhali,
and Cox’s Bazar from nud January to April (Table 1),
In these arcas the local green-seeded mung bean is
cultivated. Under the aus rice/jute-mung bean crop-
ping pattern (August/September),  mainly golden-
seeded daylength-sensitive cultivars are cultivated.
An effort was made at the Bangladesh Agricultural
Research Institute (BAR1) to introduce shont-duration,
daylength-insensitive mung bean cultivars for March-
April sowing to replace the unce-tain rainfed ans rice,

It is rraditonally grown in two

particularly in the northern districts of the country
{Surker et al. 1982). Since the winter pulse area is
graduilly decreasing, the idea of growing pulses in
summer was aceepted as a4 major step towards in-
creased production. BARI released a mung bean
cultivar, Mubarik, in 1982, Tt was assumed that a large
area would be planted to this crop. However. only a
few heetares of land has been oceupied by this crop in
the planned area. The objectuve of this paper is to
analyze the agroccological factors limiting the expan-
sion of summer pulse cultivation in Bangladesh, and
the future course of research on these crops,

Major Limitations

Limited Sowing Time and Lack of Moisture at
Sowing

A mung bean crop grown in summer must be harvested
before the onset of the monsoon to avoid early rains,

Citation: BARI (Bangladesh Agricultural Research Institute). 1991. Advances in Pulses Research in Bangladesh: proceedings of the Second
National Workshop on Pulses, 6-8 Jun 1989, Joydebpur, Bangladesh. Patancheru, A.P. 502 324, India: Intemational Crops Research Institute for
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Table 1. Area, preduction, productivity, and cropping patterns of mung bean in different districts of Bangladesh,
198485,

Area Production Yield Total Cropping pattem

District (ha) m (kgha')  area (%)

Patuzi hali 2901 1383 477 19.0 Pattern - |

Barisal 2632 1663 632 17.0 Amian rice-mnung-aus rice/jute

Faridouy 2103 1176 559 14.0 (Jul-Dec)Jan-Mar) Apr-Jul)

Noakhali 1514 640 423 10.0 Mung bean cultivar Faridpur
(green seeded)

Coxes Bazar 318 246 774 2.0

Comiila 397 226 569 26

Sub toral U 5334 541 6.6

Jessore b 1008 625 576 7.0

Rangpur T 908 635 702 29 Pattern-1}

Dhaka 773 482 623 5.0 Aus/jute-mung-fallow/wheat

Jamalpur 421 2N 644 27 (Apr-Jul)(Aug-Dec)(Dec-Apr)

Kishoregonj 403 167 414 2.6 Mung bean Sonamoong
(golden seeded)

Pabna 318 246 774 2.1

Dinajpur 326 231 M09 21

Sub total 4231 2657 627 274

R other

districts 1196 817 883 8.0

Total 15292 3808 576 100.0

Source: HBS (1986).

Therefore. if the last dute of harvestis assumed to be 20 700 -

June and if the crop duration is about 70 days then the
last date of sowing would be 10 April. A date-of-

sowing experiment showed that sowing in late Murch :?; 500
gives better results (Fig. 1), Traditionally farmers < 4001
grow pulses under rinfed conditions and if they have 2

irrigation farilities mey will not grow mung bean. The o 300
probability of receiving 10 mm raintall in the second g 200

week of April ranges from 30-60% in the nonhern
districts, based on which no production plan could be 100

successful (Manalo 1978). Sufficient rain for sowing
occurs at the end of April or carly May. If mung bean
is sown at that time the crep will mature in July making
harvest difficult. The farmers will then have no choice
but to plough down the crop (BARI 1984; OFRD
1987).
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Figure 1. Yield of mung bean at ditferent dates
of sowing at Ishurdi.



Moisture Variation at Planting and Maturity

Climatic factors primarily responsible for adaptation
of mung bean and black gram (Vigna muitgo (Lo
Hepper) are daylength, temperature, humidity, and
rainfall.  Although mung bean and black gram are
reported to be drought-tolerant crops (Morton ct al.
1982: Rachie and Roberts 1974, they are susceptible
to moisture stress during the establishment period and
flowering stage (Rosario and Faustino 1985) The
optimum temperature for mung bean and black gram
ranges from 28-30"C (Lawn and Ahn 1985). Itmay be
possible to sow these crops n Bangladesh during
March in some vears but they may sutier from pro
Jonged drought duning April/Aay. due to high tem-
perature (34-36°Ch low hunidity (46-6040). high po-
tential evapotranspiration rate (5-0 num day and @
negative water balance (139-165 mm). The artdity
mdex is reported o range trom 41t Dingpur o .24
at Pabna (M Manalo 1978). These tactors result m poor
plant growth, wilting and absarssion of lowers, fead-
ing ultmately w poor yields [t exeess rans oeeur
during this period, wetand humid conditons stimulate
vining. fuurant growth, and favor incidenee and
spread of foliar diseases (Lawn and Ahn 108S), again
resulting in low vields.

Problems During Harvest

Famers of the targeted areaiare notaccustomed o hand
picking as a means of harvesung the pods. But this

practice cannot be avoided during the summer. Rains
generally oceur by the end of May when the crop is at
the pod-filling stage. thus increasing soil moisture and
humidity.  Long days coupled with favorable soil
moisture stimulate successive flushes of flowers. Thus
individual racemes may simultancously bear flower
buds. flowers, green, and ripe pods. 1o black gram the
growth of new leaves and traiting continues and the
ripening period extends over nuany weeks. Tthis been
tound that only about 654 pads can be hanvested in the
first picking at 72 days, 18 in the second ar 82 days
and 179 inthe third at 97 days ¢ Table 25 SoatleastY0-
95 days are required for a complete harvest. 11 it rains
continuously over 2-3days during the maturity period,
seeds i mature pods will sprout, ormay getdiscolored
and shrivelled, Tose viability. and spoil or become
Thus harvesting, drving, and
threshing become more ditticulr.

infested with fung,

Biotic Stress Factors

The vieid potential of mung beanis notrealized because
of disease and pest damage. So tar. cight diseases have
heen identificd. of which yellow mosaie virw (YMV),
Cereospora leal” spot {CLS), and powdery mildew
(PM) are the most serious ¢Ahmed et al. 1982; Fakir
10%3). Sources of resistanee have been identitied for
atl the major diseases except for YMV for which only
moderate resistanee isavailable (AVRDC 1983: Sandhu
1978).

Fourteen species of inseet pests of mung hean have

Table 2. Mean performance of 10 mung bean lines at different dates of sowing at RARS, Ishurdi, 1983/84,

Dates of Sowing!

Character March April May June July August  September
Days to tlower 40 41 45 41 41 40 37
Plant height (¢m) 37 53 64 52 41 40 55
YMV (%) 1 6Y 65 52 42 4 57
Pod borer (%) 19 17 10 b 4 17 28
Yield (kg ha ") 638 266 ki 0 192 592 634

% yield at 1st harvest 65(72 days)’

% yield at 2nd harvest 18(82 days)

% yield at 3rd harvest 17(97 days)

1. Sowing was done on 15th of every month indicated.

2. Figures in parentheses indicate the number of days taken 10 a particular harvest.

Source: BARI (1984).
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also been identified of which leaf beetle (Madurasis
obscurellaand Monolepta singnata) skeletonizes leaves
atanearly stage, while pod borer (Maruca testudalis) and
leaf webber (Laprosoma indicara) are most damaging
atpodding stage. Green bug (Nazera viridila )y and thrips
(Culiothrips indicus) cause substantial flower shed-
ding and result in poor pedd setting and yield (Rahman
ctal. 1982). Whitefly (Bemisia tabachandaphids (Aphis
craceivora) are major vectors for YMV. A study
indicated that 25-30%% vield loss may oceur due to pod
borer (BARI 1986). In black gram the seet pioblem
is less acute. The most damaging are leal beetle at the
carly stage. and later hairy caterpillar (Dracrisia
obliqua). Farmers usually donot adoptplant-protection
measures and generally realize poc vields,

Abiotic Stresses

Among the abiotic stresses, soil type and fertility play
amajor role. Both mung bean and black gram perform
best on deep, well-drained loams and sandy loams
(Mehta 1970; Rachic and Roberts 1974) and nenther are
well suited to the shallow or unfertite sandy soils on
whichthey are often grown, It was reported thatacrop
producie. 2 1t vield removes 40-45 g N 3SkeP O
12-14kg K, 1.3-2kgeachof S and Mg and 1-1.5kg Ca
from the soiltLawn and Ahn 1985). However, Larmers
do not use any fertilizer or perform intercultural op-
crations,

Conclusions and Future Work Plan

Itis clear from the above discussion that it may not he
possible to replace the rainfed aus rice with mung bean
or black gram even if YMV-resistant cultivars are
developed because of the major limitations. i.c.. lick of
moisture and sowing time,

However, cultivation is possible with presowing
irrigation i1 it does not rin in time. On the other hand
a large area remains fallow from August to October,
after the harvest of aus rice or jute tll the beginning of
the postrainy season. In spite of the heavy monsoon
rains during August-September, it is possible 1o £row
mung bean and black gramduring this period. Postrainy -
sedason crops like wheat, lentil, muostard (Brassica
campestris L), or tobacco can follow these (BARI
1986). BARI is already working in this line and has
released a mung bean cultivar Kanti, for this period.
Mung bean is better suited to this pattern than black
gram but the latter gives more stable yields, The crop
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with synchronous pods matures at the end of October
and whole plants could be harvested, thus reducing the
lubor requirement. The existing cropping patterns in
the northern districts are auy ricefjute (April-July/Au-
gust) - fallow (August-Octoner) - rahi (November-
April} or ans rice-jute-black grium (August-Septem-
ber-December) - fallow . With the new patterninvolving
mung bean, i large area may he brought under pulse
cultivation which otherwise remains fallow. Two
things are important, i.c.. suitable soil (sandy loam,
sifty, or silty loan) with adequate draiage facility and
timely sowing (in Augusn).

Short-duration mung cultivars (60-65 day sy are
required for this scason. These should e ressstant/
tolerant to YMV and CLS and to waterlogging, In
black gram, short-duration (65-70 days), YMV- and
posdery mildew - resistant/iolerant cultivars capable
of growing under cero-tlluge conditions should be
developed, tor which purpose lindraces should be used
in the hy bridization program. For the southern part of
the country short-daranon, high-y iclding cultivars with
resistance/tolerance to YMV and CLS. suitable for the
ENIUNE dman nice-mung bean-aus rice cropping pat-
tern may be deveioped.

Discussion

AL Miah: You have mentioned some problems for
carly-monsoon (kharif-I mung bean such as number
of pickings and germination within the pods.  Why
don’t you try 1o develop cultivars with determinate
growth habit and seed dormney 1o avoid those prob-
lems?

ML Rahman; Our present strategy s to develop
suitable varicties for the Lite monsoon (kharif-11 sea-
son where these problemis do not arise. | think we
should not spend much nme and effort on these char-
acters for the uncertan carly monsoon mung bean,
because there is no certainty of rainfall in March when
this crop is to be sown.

PN Bahl: 1 would like 10 share our eaperience with
mung bean cultivation as a spring/summer crop in
contrast o vour experience in Bangladesh. This is an
area with great potential for us in India. The incidence
ol yellow mosaic virus is low and guality of seed is
better in this season as compared 1o the kharif-grown
crop. Of course we need short-duration varieties (65-
days” maturity) toexploit this cropin the northern parts



of the country where irrigation is not a limiting factor
in the summer months.

J. Kumar: Monsoon sets earlier in Bangladesh than in
northwestern India.
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Pulses Improvement Through Nuclear

and Conventional Techniques

M.A.Q. Shaikh

Bangladesh Institute of Nuclear Agricult' re, Mymensingh, Bangladesh

Abstract

Gamma-irradiation of a chickpea cultivar (Cicer arietinum cv Faridpur-1) resulted in the release of a
high-yielding and high-protein chickpea cultivar Hyprosola. Its vield is 209% more and it contains 4%
more protein than the mother cudtivar. {t has a fortuitous combination of a few more improved characters.
A mung bhean (Vigna radiata (L.} Wilczek) strain, MB 55, was identified which has resistance to
cercospora ledf spot und 20% more vield than the recommended cultivar, Kisharegonj. It has been
developed through single-plant selecticns from a local collection. Two black grami (Vigna mungo (L.)
Hepper) mutants M 23 and M 23 were developed through gamma-irradiation of a local collection. M 23
1s an erect, synchronous dwarf with bold, gle-brous and upright pods. More plants of this cultivar can be
accommodated per unit area. thereby increasing the yield. Mwtant M 25 is synchronous and determinai.
and its pods are considerably less hairy than its parent B 10. The mutant vields about 15% more than the
mother cultivar. Both mutants are tolerant of cercospora leaf spot and yellow mosaic virus. These are in
advanced stuges of testing. Treatments with physical and chemical mutagens have vielded chickpea, lentil
(Lens culinaris Medic. ), and mung bean mutants with various improved characters. These are under
intensive screening and evaluation. Future breeding sirategies are: for chickpea, bold seed, resistance
1o root-ret complex, botrytis gray mold and pod borer . and potential for late sowing and early harvesting ;
inlentil, earliness, bold seed, resistance to root-rot, wilt and stemphylium, in mung bean and black gram,
resistance to or tolerance of vellow mosaic virus and abiotic stiresses, and in khesari (Lathyrus sativus L. ),
tke isolation of low-neurotoxin varieties. Attempts will be made to improve these crops through mutations
and use of ruwants in hybridization.

Introduction

The total area, annual production, and even the per
hectare productivity of the major pulses in Bangladesh
have been on the decline for quite a long time (Shaikh
1977). The national nutritional crisis foretold by Shiikh
etal. (1978) has been aggravated during recent years.
The food grain biased policy i.c.. increase of rice and
wheat production at the expense of other crops (Jabbar
1987) has brought this nation to the brink of total
nutritional disaster (Elias 1985).

It was, however, realized by the small groups of
pulse researchers at Bangladesh Agriculural Research

Institute (BARI) and the Bangladesh Institute of Nuclear
Agriculture (BINA) from the mid-1970s that produc-
tivity must be improved since increase of hectarage
was not possible under the prevalent socioeconomic
conditions. A few more years elapsed before a modest
pulse-research program encompassing all aspects of
production was underway ot both the Institutes. The
main emphasis was, of course, on varietal improve-
ment. The achievements were reported and analyzed in
the First National Workshop on Pulses (Kaul 1982).
Progress in the genetic improvement of major pulses at
BINA since then will be reviewed and some future
strategies will be discussed.

Citation: BARI (Bangladesh Agricultural Rescarch Institute). 1991. Advances in Pulses Research in Bangladesh: proceedings of the Second
National Workshop on Pulses, 6-8 Jun 1989, Joydebpur, Bangladesh. Patancheru, A.P. 502 324, India: Intemational Crops Research Institute for
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Achievements and Present Status

The crops on which rescarch is being done at BINA
are: chickpea {Cicer arietinum L.), mung bean (Vigna
radiata (L.) Wilczek), black gram (Vigna mungo (L.)
Hepper). lentil (Lens culinaris Medic.), and khesari
(Lathyrus sativas L.). The achievements in the breed-
ing efforts of these crops during the last 8 years have
been summarized by Shaikh (1988) and are mentioned
below.

1. Identification of yield components with high
contribution.

2. Determination of coefficient of variability for
these characters and the scope for their improve-
ment,

3. Establishment of correlation among the compo-
nents,

4. Collection, screening, and  evaluation of
germplasm of local and exotic origin, and selec-
tion of superior genotypes.

5. Induction of mutations through treatment with
physical and chemical mutagens, and sclection
and development of superior genotypes.

6. Utilization of mutants in hybridization with
other mutants and with adapted cultivars.

Chickpea

The number of pods and branches plant ' were found to
have positive correlation with seed yield (Ahmed et al.
1986). Partial and multiple correlation studies also
revealed a positive correlation between number of
pods and seed yield. These studies suggested that
number of pods should be considered the best selection
criterion,

Treatment of the chickpea cultivar Faridpur | seeds
with 20 kR gamma rays (60 Co) and subsequent selec-
tion of a mutant, M 669, superior in yield and protein
content led to the identification of cultivar Hyprosola
(Shaikh et al. 1982). It has more pods and seeds
plant’ and higher harvest index. The slightly (10%)
smaller seed size of the mutant compared 1o Faridpur 1
is more than offset by the increased number of seeds
thereby increasing the total seed yield. Protein content
i M 669 was 22.5% compared to 18.5% in the parental
cultivar (Tables | and 2). The mutant has relatively
more field tolerance to pod borer (Shaikh et al. 1982),
and Alternaria leaf spot and also improved nodulation
and better symbiosis with Riizobium local strain No.
TLS (Poddar et al. 1980). The mutant was released in
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Table 1. Mean protein content, protein yield per unitarea
of land and important amino acid content in Hyprosola
and Faridpur-1.

Hyprosola Faridpur-1
Character (Mean) (Mean)
Protein content (%) 22.540.5 18.5+£04
Seed yield (t ha-Y) 2.29 1.92
Protein yield (kg ha-Y)  515.3 355.6
Increase in protein yield
Absolute (kg ha-') 159.7 -
Percentage 45 -
Amino acids (g 16 g ' N)
Lysine 7.44 £0.01 8.05+0.40
Methionine 1.56 + 0.04 1.60 £ 0.04
Cystine 1.61 £0.13 1.61 £0.04

Source: Shaikh et al. (1982) and Shaikh (1988).

1982 and numed Hyprosola (High-yielding-high pro-
tein chickpea).

Oram et al. (1987) studied the isozyme similarity
and gencetic differences in morphology between
Hyprosolaand Faridpur | and indicated the presence of

Table-2. Comparison of various agronomic characters of
Hypresola with the mother cultivar, Faridpur-*,

Character Faridpur' Hyprosela
Height (cm) 50-55 45-50
No. of branches plant"! 9 7
Maturity (days) 155 145
No. of pods plant* 80 92
No. of seeds plant”! 125 155
1000 seed mass (g) 85 75
Harvest index (%) 33 40
Color of mature fruit Dull Shiny
Possible population

(plants ha') 70000+5000 80000500

Source: Shaikh et al. (1982).




a few recessive mutant atleles in Hyprosola. These
were alleles for small seeds (ssd). long and narrow
leaflets (Inh. and carly flowering (ef). The reduced
plant height in Hyprosola apparently results from re-

cessive mutation at two loci, rht-1 and rht-2, one of

which is hinked to ssd with 16 + 6% recombinaton.

Desirable mutants tor carliness, discase tolerance,
higher number of pods, and erect plant architecture
were isolated from asecond batch of irradiated Faridpur
I seeds (Shaikh 19831 One mutant, G 299 proved its
superionty over other mutants and Faridpur 1 (Shaikh
et al. 1UK3).

Sodiumazide treatment of Hyvprosolaseeds resulted

in olation of 15 true-breeding chickpea lines, 9 of

which have more pods plant ' and higher vield (Shakh
et al. TUKS). These are undergomg turther tests.

Mung Bean

Siple correlanon coetficients of some agrononie
characters of 70 strans revealed stgnificant positive
association of number of pods and number of branches
with vield plant " tAhmed etal. 1981) Seed size., plant
height. davs 1o flowering, and maturity were nega-
tively correlated with vield plant . Partial and muluple

correlation coefficients also revealed a strong asso-
ciation of pods plant ' with yield. Itwas concluded that
pods plant’ should serve as the best selection criterion
for improving the vield potential of mung bean. An-
other study (Shamsuzzaman etal. 1983) showed thatin
addition to pods plant ', number of branches also was
an important character for selecting high-yielding
genotypes.

Two cyeles of single plant selections of germplasm
collected from Sitakundu (Ahmed etal. 1982) resulted
inthe isolation otaline, Accession no. MB 55, resistant
to cercospora leat spot and tolerant of mung bean
vellow mosaic virus (MYMV), Tts vield 1s 206 more
than the recommended cultivar, Kishoregony (MB 63)
(Tables Jand 41 (Shaikhetal. 1988). Tts seeds are about
25% larger than those of Kishoregon) (tAhmed et al.
197%).

Time-of-sowing experiments with60 local and exotie
germplasm lines through fortnightly sowings placed
the accessions in groups like “real summer™, “modified
summer”, and winter types. Some of these are of the
short-duration type and fit well between two major
crops tBegum etal. 1983,

Inmulnlocanonal trials MB 146, ahybrid denvative
from the cross of a mutant x V 5197 vielded more
(Shaikh et al. 1988) (Table 51 An Asian Vegetable

Table 3. Mean seed yield (t ha-') of three selected mung bean lines in different sites and years.

Seed yield of lines

Sitakundu Golden Mutant 36 Kishore- Tnal
Sites Year (MB 55) gonj* Mean
Kishoregon) 1978779 1.56a' 1.32b 1.18b 1.20b 1.30
Ishurdi 1978779 0.65a ().56b 0.48b 0.49b .54
Kishoregon) 1979/80 0.83a 0.68bc 0.61¢ 0.71b .56
Ishurd 1979/80 0.43a (0.28d 0.34be 0.36b (135
Jamalpur 1979780 0.60b 0.77a 0.52be 04 0,46
Kishoregon) 1yx1/82 1.29a 0.95bc 1.08ab 0.75¢ 1.02
Mymensingh 1981/82 0.99a 0.88b 0.85b 0.74¢ 0.86
Line mean 0.90 0.78 0.72 0.67
Regression coefficient 1.1 0.89 091 0.77
Correlation coefficient 0.98** 0.93** 0.98** 0.94++!

. Control.
. **Sigmificant at the 0.0] level

w oty —

. Means within each row followed by common letters are not significantly different at the 0.05 level.
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Table 4. Combined analysis of variance in mung bean
yield trials.

Degree of  Mean

Source of variation  freedom square F-test
Year 2 2167966 300,58+
Year x sites 4 1274761 176.74%+
Residual 23 7213 1.06
Zultivars 3 236788 34.68
Year x cultivars 6 38668 5.66
Yeur x site x cultivar 12 41733 6.11
Residual 69 6828

1. ** Significant at the 0.01 level.

Research and Development Center (AVRDC) entry V
2272 we ~ompa-atively free from YMV, and had more
pods and more yield.

Evaluation of gamma-ray induced mutants and
germplasmfor discase incidence was carried out. Some
of these breeding materials showed altered plant ar-
chitecture and synchrony in maturity (Shaikh et al.
1985).

Dwarf-erect. bold-seeded. synchronous, and high-
yielding mutants were selected from gamma-ray treat-
ment of MB 55 and MB 56 (Shaikh et al. 1982). NaN;

treatment of MB 55 seeds yielded ereet and synchro-
nous nutants (Sheikh et al . 1983),

Black Gram

Number of pods and inflorescences plant” showed a
high positive correlation with seed yield. Similarly the
former two characters were positively correlated with
cach other,

Erect, discase-resistant, synchronous, carly, and
bold-seeded mutants were isolated following gamma-
ray treatments (Shaikh and Majid 1982). Mutant M 23
iserect, synchronous, and determinate in growth habit.
Its pods are hairless, bowder. clustered, and upright
compared o horizontal/downward borne pods of the
parental cultivars (Shaikh etal. 1982), Mutant M 25 is
synehronous, determinate. slightly more dwarf and its
pods are considerably less hairy than the parent B 10,
In addition, M 23 is moderately resistant to CLS and
YMVand is also higher yielding than both B 10 and B
23 (Shaikh 1988).

Lentil
Number of pods and branches plant ' and plant height

were found to be the main contributors to vield (Islam
and Shaikh 1978). Promising high-yvielding mutants

Table 5. Mean seed yield (t ha') of selected mung bean lines in different sites and years.

Lines

MB 246 MB | MB | VC 1000 VC2272 Mubarihk  MB 87 Trial
Site Year tControly  (Control) mean
Kishorcgonj 1984 0.504' 0.40ab 0.31be  0.20¢d N.T 0.39ab 0.16d 0.33
Ishurdi 1984 1.63a 1.14b 0.92cd  0.79d NT 1.O04be 0.55¢ 1.01
Kishoregonj 1985 0.57a 0.48ab 0.23¢ 033 NT 0.45ub 0.27¢ 0.39
Ishurdi 1985 1.66a 1.23ab 0.73¢ 0.80bc  N.T 1.25ab 0.61¢ 1.06
Kishoregonj 1986 0.74a 0.46b N.T N.T (1.69a (0L.34b 0.37b 043
Ishurdi 1986 1.62a 0.98b¢ N.T N.T 1.404b  0.96b¢ 091c¢ 0.98
Faridpur 1986 1.24a 0).96ab N.T N.T 1.19a 0.84b 0.87b 0.85
Barisal 1986 091a 5.39b N.T N.T 0.59ab  0.40b 0.58ub  0.48
Line mean .11 0.76 0.55 0.55 0.97 0.71 0.54

1. Figures in a row with common letters do not differ significantly at the 001 level.

2.NT = Not tested.
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have been selected from the segregating population
following acombinedtreatmentof NaN, + gamma-rays
(Shaikhetal. 1985). Advancedtests are being conducted
for these.

Khesari

Narrow ranges for days to maturity and rumber of
seeds plant! were found by Shaikh et al. (1985).
Variations for number of pods plant’, seed size, and
yield plant! were quite high.

NaN, treatment of Accession no. GP | resulted in
isolation of 32 mutants and 6 mutant families (Ali et al.
1986). Mutants had different plant type. earliness, and
flower colors.

Number of pods plant ' had the highest coefficient
of variation and this character along with plant height
were the main yield determinants.

A negative corrrelation was found between seed
size and neurotoxin B-(N)-oxalylamino-L-alanine
(BOAA) content (Islam et al. 1986). Mutants and local
germplasm lines were of the small-seeded type but had
higher BOAA content. Exotic ones have a bigger seed
size and lower BOAA content. Hybridization between
the two groups was started with the objective of
combining high yield and low neurotoxin content.
Some lines with lower BOAA content and reasonably
higher yields are under intersive yield testing.

Future Breeding Strategies

The future breeding strategy for pulses in general will
be to achieve:

e larger seed size,

e increased branching, allowing increased fruiting
nodes,

resistance to diseases and pests,

tolerance of physical stress factors,

suitability for new cropping patterns, and
stability of yield over locations and years.

Breeding strategy for specific crops will be as follows:

Chickpea:  Bold seed; resistance to root-rot com-
plex. botrytis gray mold and pod borer; potential for
late sowing and early harvesting,

Lentil:  Bold sced; resistance to root rot, wilt and
stemphylium blight; potential for late sowing and carly
harvesting.

Mung bean and black gram:  Resistance to YMV

and tolerance to high humidity and rain damage (only

for summer mung bean); incorporation of yellow seed

coat color in summer mung bean.

Khesari:  Development of low-neurotoxin variety.

To achieve the above mentioned objectives, the

approaches will be:

® o scresn existing germplasm further.

¢ tocreate variability through inducting mutation,
and

¢ io develop mutants into varieties or to use mu-
tants as donor parents in hybridization.

Discussion

S.K. Roy: In the case of lentil, how do plant height and
number of branches plant' become yield-contributing
characters? Please explain,

M.A.Q. Shaikh: Simple multiple correlation studies
and path-coefficient analysis revealed that these two
characters had the highest positive influence on yield.
This might be due to the fact that lentil plants are very
small and have only a few primary branches under
Bangladesh conditions. A taller plant with increased
branching would have increased sites for pod bearing,
thereby increasing the yield. The two characters were
indirect contributors to yield.

M.O. Islam: 1. Would you please explain your pro-
posed improved plant architecture of chickpea?

2. So far we know that BINA followed radiation
breeding as well as conventional breeding for pulses
improvement. Are these your present breeding strate-
gies ?

M.A.Q. Shaikh: 1. Less branching, compact plant
with semi-erect growth habit will be the future plant
architecture.

2. Yes, we also followed conventional breeding in the
past along with mutation breeding. Our present man-
date is to induce mutations and develop varieties di-
rectly from the mutants or to use the mutants as donor
parents in hybridization programs.
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Progress and Prospects of Minor Pulses in Bangladesh

M. Matiur Rahman

Regional Agricultural Research Station, Ishurdi, Pabna, Bangladesh

Abstract

Researchon six pulse cropswas initiated in 1979 but the major effort was concentrated on chickpea (Cicer
arietinum L.), lentil (Lens culinaris Medic.), khesari (Lathyrus sativus L.), and mung bean (Vignaradiata
(L) Wilczek). Very litde antention has been paid to black gram (Vigna mungo (L.) Hepper), pigeonpea
(Cajanus cajan(L.) Millsp .}, and cowpea (Vigna unguiculata (L.) Walp.). Fieldpea (Pisum sativum subsp
arvense) has not been included for research so far due to resource constraints. One black gramline was
proposed to the National Seed Board for release. Short-duration pigeonpea has been studied in different
locations and one promusing line. 70012, was identified. Some local and exotic germplasm lines of black
gram and cowpea have been collected and evaluated. These may fit into new cropping patterns and
specific situations. Black gram canbe grownas a relay crop with flood-uffected aman rainy-season)rice.
Short- and medium-duration pigeonpea may be grown as a mixed crop with black gramor on field bunds,
and in the Chirtagong hill tracts. Apart from the rraditional areas, cowpea hus the potential to he grown
in the southern parts of the country in the aman rice-cowped-aus (rainfed) rice cropping pattern. Thus
these minor pulse crops can play d significant role in halting the declining pulses ared and production
provided high -vielding cultivars are developed. These possibilities along witk: the need Jor specific types

of cultvars have heen discussed in this paper.

Introduction

A multidisciplinary coordinated research effort on six
pulse crops. lentil (Lens culinaris Medic.), chickpea
(Cicer arietinum L.y, Khesari (Lathvrus sativus L.),
mung bean (Vigna radiata (L) Wilczek), black gram
(Vigna mungo (L) Hepper), and piveonpea (Cajanus
cajan (L.) Millsp.) was initiated at the Bangladesh
Agricultural Research Inatitute (BARI in 1979, Later
cowpea (Vigna unguictdata (L) Walp.) was included
in the program.  Lentil, chickpea. and khesari are
grow i in winter and account for about 80% of the total
pulses (Islam and Rakmuan 1990). Mung bean contrib-
utes 5% and has the special advantage of being a short-
duration crop. and so can be used as a calch crop.
Hence a major emphasis was given to these four crops.
Little attention has been paid to black gram, pigeonpea,
and cowpea due 10 resource consiraints. - Fieldpea
(Pisum sativum subsp arvense) has not yet been in-

cluded 1n the program. Some progress has been made
in germplasm collection and evaluation, identification
of biotic and abiotic constraints, and in developing
potential cropping patterns for these crops  These
pulses can play a significant role in increasing produc-
tion if suitable high-yielding cultivars are developed
with specific characters for particular situations. The
objective of this paper is to describe the present posi-
tion, and prospects for future research on these crops.

Black Gram

Black gram is the fourth most important pulse crop of
Bangladesh, grown on 33 600 ha. producing 24 000t of
grain withamean yieldof 714 kg ha ', and contributing
about 13% of the total pulses (Jslam and Rahman
1990). It is generally sown in August/September in
well-drained high or medium highlands after harvest-

Citation: BARI (Bangladesh Agricultural Rescarch Institute). 1991. Advances in Pulses Research in Bangladesh: proceedings of the Second
National Workshop on Pulses, 6-8 Jun 1989, Joydebpur, Bangladesh. Patancheru, A.P. 502 324, India: International Crops Research Institute for
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ing upland aus (rainfed) rice or jute in the aus rice/jute-
black gram-fallow/wheat cropping pattem. Some
farmers grow this crop in October/November in the
char (sandy) land after the flood water recedes or
sometimes as a relay crop with flood-affected aman
(rainy-season) rice. It is also grown under zero-tillage
conditions, on the roadside or by dams. mostly for
fodder prrposes.

Mostof the late-sown crop is affected by powdery-
mildew (PM) discase which may cause a yield loss of
about 329% (BARI 1987). Local cultivars suffer dum-
age by vellow mosaic virus (YMV),

There is variation among local cultivars for growth
pattern, duration, disease reaction, ete. Short-duration
cultivars (70-75 days) are grown in the aus rice/jute-
black gram-postrainy-season (rahi) cropping pattern.
Long-duration cultivars (85-95 days) are grown in the
aus rice-black gram-fallow cropping pattem.  The
latter pattern is being replaced by the aus rice-fallow-
postrainy-season cropping pattern, and consequently
the area under black gram is shrinking.

Current status

About 300 local and 450 exotic germplasm lines have
been collected from India and Pakistan and evaluated
toreartiness and high vield potential. The variation for
vield and vield-contributing characters is very low
although there is some variation in seed size (100 seed
mass varies from 3.0-5.3 g), crop duration (65-85
days), pods plant ', and pod pubescence (BARI 1Y86).
The local collections  are daylength  sensitive and
exotic ones are mostly photoinsensitive. One daylength-
insensitive line (MAK 1) has been placed before the
National Seed Board (NSB) for release. Currently
these germplasm lines are being screened against PM
and YMYV diseases to identify resistance sources. Some
sources of resistance have beenidentified against YMV
but none has been tound against PM so far.

Prospects

Black gram is a more hardy crop, more tolerant to
waterlogging, and has fewer discase and insect prob-
lems compared to other pulses. It also produces more
stable yields and can be grown with minimum care. If
ahigh-yielding variety is used. the total production can
be increased with the existing cropping pattern. A
cropping pattem trial has been conducted with the
bla~k gram line MAK 1 and it was found that it can be
grown under minimum tillage. It was found to fit well
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into the aus rice-black gram-lentil wheat/mustard
cropping pattern (BARI 1986). This pattern is suitable
for light-textured soils in high or medium highlands
with adequate drainage facility. If this pattern could be
extended, alarge area would come under pulses without
disturbing the existing cropping pattern. Damage by
floeds has become aregular phenomenonin Bangladesh,
and a search is on for suitable alternate agricultural
technology. Black gram can play an important role in
this respect. High-yielding varieties with late-sowing
potential (October-November), resistance to PM, and
with potential to be sown as a relay crop with panially
damaged aman rice are required.

Future research

Future breeding efforts should focus on developing
short-duration (65-70 days), high-yielding, YMV-re-
sistant varieties suitable for the aus rice-black gram-
postrainy scason cropping pattern, and high-yielding,
powdery mildew-resistant varieties for the posiflood
situation. Inboth situations varieties capable of growing
under minimum-tillage conditions are desirable,
Therctore, hybridization programs and selection in-
volving the normal cultivated type and the fodder types
(which are grown  with minimum tillage) should be
made under those conditions.

As a general strategy additional exotic germplasm
should be collected, and anextensive crossing program
initiated to create variability. The podding potential in
black gram is greater (Lawn and Ahn 1985) hence the
number of poads per plant may be used as a selection
criterion.  For pulses in gencral, emphasis should be
laid on slightly larger seed size during selection. In
addition, an effort should be initiated to select pure
lines from the landraces. Simultaneously further agro-
nomic studies should continue on the cropping pattern
involving black gram. It has been observed that black
gram has a depressing effect on the subsequent
postrainy-scason crops. A similar result has been re-
ported from Australia (Lawn and Ahn 1985). Detailed
studies should be undertaken to overcome this prob-
lem.

Pigeonpea

Pigeonpeais one of the minor pulses grown in Meherpur,
Kushtia, Jessore, parts of Pabna and Rajshahi districts,
and also along the roadsides almost throughout the
country. It was grown on 3238 ha, producing 2072 of
grain with a mean yield of 640 kg ha''in 1985/86 (BBS



1986). The tong-duration (about 300 days), tall
pigeonpea is grown in this country mainly for fuel
purposes. It is sown as a mixed crop with aus rice,
finger millets, ete., in April/May and harvested during
February/March,  lts area is also declining due 1o
competition with the postrainy-scason crops, and is
now relegated mainly to the roadsides and backyards,

Current status

BARI has introduced some short-duration pigeonpea
from ICRISAT and United States Department of Ag-
riculture (USDA).  Of these, four lines have been
evaluated over locations for several years and one
promising line, 76012, has been identified (Table 1),
On an average they produced a vield of 1300 kg ha!
within 125-135days. The lines showeda vield potential
of 2300 kg ha ' at Ishurdi in 1985/86 and about 400( kg
ha! at Bogra i [987/88. It was shown that the
optimum time of sowing for these pigeonpeia lines 1s
September, a ditficult time to find land for this crop.
Alternatively it has been found growing as a mixed
cropwithbluck gram inthe gus rice-black gram-fallow
cropping pattern. The pigeonpea line 76012 will be
placed hefore NSB tor release.

Prospects

Though pigeonca is aminor crop, it has the potential to
fit into the diversitied cropping systems practised in
One of the cropping patterns in the
northern part of this country is aus rice-black gram-

this country.

fallow. D this pattern famiers cannot grow postrainy -
season crops ufter black gram due to lack of moisture
atsowing time, Inthis pattern short-duration pigeonpen
can be grown as a mixed crop with bluck gram,
Pigeonpea is sown n lines 60 e apart along with
broadeasted black gram. Black grani is harvested in
December when prgeonpea attauns acheight of about 60
e and begins o flower. Thus it does not atfect the
black gram vield. 18 this cropping system is extended,
a targe arca can be brought under pigeonpea which
otherwise remains fallow. Another possibility would
be to grow pigeonpea as an “aisle”™ erop around the
bunds of rice fields throughout the northern parts of the
country where it should be sown by the dibbling
method. This is a very common practice in castern
Nepal, For this practice probably high-yielding me-
dium- and long-duration pigeonpea may be good.
High-yielding, long-duration varieties may also be
tried as sole crops or bund crops in the traditional areas
as well as in hill farming.

Future research

There are variations among the tarmers® cultivars in
respect of disease reaction (1o sterility mosaic), growth
habit, and yield. Therefore local germplasm should be
collected and evaluated so as 1o select the best Lines.
Fortunately 1ICRISAT is working on this crop and a
huge genetic diversity is available. We should tuke this
opportunity to develop short-, medium- and long-
duration, high-yielding varicties suitable for our
cropping system, through introduction and selection.

Mixed-crepping experiments to determine popu-
lation density, spacing, and fertilizer placement should
continue. Large-scale demonstration of bund cropping
in Barind and other highland areas should be empha-
sized.

Cowpea

Cowpea, locally called Falon is the most important
pulse crop in the Chittagong Division. It is mostly
grown in Chittagong. the Chittagong hitl tracts, and the
southern part of Noakhali. [t is also grown sparsely in
Barisal and Patuakhali and the coastal islands.  In
Chittagong and Noakhali it is sown from the end of
November till mid-January in the transplanted  awman
rice-cowpea cropping pattern. The local cultivars are
of the long-duration type, which take about 130 days 1o
mature, and are indeterminate in habit.

Current status

Some research was iniiated on cowpea in 1984 at
Regional Agricultural Research Station (RARS)
Hathazari, Chittagong, and since then it has been
serving as the only station for cowpea rescarch (BARI
1985). There is a tremendous shortage of manpower
but despite this they have made some progress in
germplasm collection and evaluation.  About 50
germplasm lines were collected from Austrahia and
twolocal tblack- and pink-seeded) lines were evaluated
over several vears, The two local collections were
found better for yield and other characters (Table 1),

The insect-pest complex has been surveyed in the
Chittagong area. Six insect pests have been identified
{BARI 1986): stemvand pod flies (Ophiomyia phaseoli,
Melanoagromyza obtusa). Aphid (Aphis craccivora),
Galerucid (Madurasia obscurellay, hairy caterpillar
(Diucrisia obligua), (Amsacta moorei), spotted pod
borer (Maruca testulalis), and hairy-streak blue-but-
terfly pod borer (Ecirysios cnejus). Pod borer and
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Table 1. Mean performance of the advanced promising lines or cultivars of different crops over locations, 1984/85

and 1985/86.
100-
Daysto  Days to Plant Pods seed
Variety/ flower-  maturity  height plant!  mass Yield
Crop line ing (cm) (g) (tha')  Remarks
Black gram 1AK-1 36 80 47 33 4.1 1.70  Daylength-
insensitive type
Pigeonpea 76012 56 124 84 96 6.2 1.31  Highest yield of
235 tha'at
Ishurdi and
398tha'at
Bogra
Cowpea (a) Local 93 131 63 12 9.9 1.83  More
pink Common
(b) Local 103 137 98 17 129 2.y
black

Source: BARI (1985), (1986).

galerucid are the more serious pests. Pod horer causes
damage to the pods to an extent of 47% (BARI 1987).

Prospects

Cowpea is more stable and has higher yield potential
compared to other puises in Chittagong arca. With
high-yielding varicties the present production can be
increased substantially in the traditional areas of cul-
tivation. lts cultivation may also be extended in the
southern districts like Barisal, Patuakhali, Bhola, etc.
in the t. aman rice-cowpea-aus rice cropping pattern.
Cowpea also responds well 10 high management
compared to other pulses, so the present production can
be increased.

Future research

Cowpea research has received strong international
support. The International Institute for Tropical Ag-
ricuiture (IITA) has a strong program for cowped
research. Many national programs like those in India,
Philippines, USA, and Australia, have also placed
much importance on its research. Therefore, this has
good prospects of development, provided we assign
sufficient manpower and resources are assured.
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Theretore, in the tuture, the following steps may be

taken,

1o

Cowpea research should be strengthened at
RARS, Hathazari by increasing the manpower
resources. Another subsiation for cowpea re-
search can be developed at Rahmatpur, Barisal,
Local gernmplasm should be collected from the
traditional arcas.

More germplasm should be collected from dif-
ferent international sources,

A disease survey should be done and yield
losses due to major diseases determined.
Economic control measures against major in-
sects should be developed.

Links with ITA should be strengthened and
international nurseries like the Bruchid-resis-
tant nursery, short-duration determinate type
nursery. etc., should be introduced, and tested in
our environment to select the better lines.

If suitable genotypes for specific characters are
identitied, hybridization programs may be taken
up and the segregating materials be handled
through the modified bulk method (Navarro
1985).

Research on cultural management should be
strengthened over locations to improve yield
through cultural manipulation.



Discussion

A. Hamid: In your paper “Progress and prospects of
minor pulses in Bangliadesh™ voumentioned that RARS,
Hathazari has been serving o the only station for
cowpea research. This is nottrue. In IPSA we have
been warking onagronomic and physiological aspects
of cowpea production tor the past several years. Some
of our findings have been published in national and
international journals. The BAL Agronomy group is
wlso working on cowpea,

ALM., Rahman: | omentoned that BARD's cowpea
rescarch is only concentrated at Hathazari. Thank you
tor the other information.
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Soil Nutrient Status Affecting Productivity of Pulses
in the Major and Potential Pulse-Growing Areas

M.S.Islam

Bangladesh Agricultural Research Institute, Joydebpur, Bangladesh

Abstract

A brief description of the general soil rypes of the major and potential pulse-growing areas of Bangladesh
is given. Seven general soil types have been identified as being suitable for these crops. The soil pH of
the majority of such soils are near neutral to alkaline. Organic-matter content is low to medium in most
cases. The mean field capacity of these soils is 30 - 40%. Supplemental irrigation is necessary in the
postrainy season. The Ca and Mg supplving capacity of the soils is generally adequate except in a few
soil series where external Mg supply would be beneficial. Exchangeable- potassium content ranged from
medium to high. Available phosphate supplies are generally low. Nitrogen is critically deficient in all
soils. Swulphur supplies vary from critically low to adequate. Among micronutrients only boron and zinc
have been found deficient in almost all soil series. The availability of Cu, Fe, and Mn is generally
considerrd adequate. Nutrient requirements of various pulse crops based on yield goals have been given.

Latroduction

Well-drained friable soils with good moisture-holding
capacity such as deep silt loam and silty clay loam are
most suitable for growing pulses. In Bangladesh pulse
crops are mainly cultivated in the districts of Pabna:
khesari (Lathyrus sativies L), black gram (Vigna mungo
(L..)Hepper),chickpea (Cicer arietinum L) Jenlil (Lens
culinariy Medic.), and fieldpea (Pisum sativum subsp
arvense); Jessore: chickpea and lenul; Faridpur:
chickpea, lentil, pea, mung bean (Vigna radiata (L)
Wilczek), black gram, and khesari; and Kushtia:
chickpea and lentil (BBS 1987). Cowpea (Vigna
unguiculata(L.) Walp.). ismainly grownin Chittagong
and Bhola districts.

General Soil Types

The general soil types of the pulse-growing areas
include mainly noncalcareous gray floodplain soils,
noncalcareous dark gray floodplain soils, calcareous
dark gray floodplain soils. calcarcous gray floodplain

soils, and gray piedmont soils. A brief description of
these general soil types follows.

Noncalcareous alluvium

This general soil type cons.sts of recent deposits car-
ried by Tista, Brahmaputra, Jamuna, Middle Meghna,
and some smaller rivers that usually occupy active
floodplains. The soils are gray in color and stratified
from the surface. These are mainly sandy loam to silty
loam in texture and are deeply flooded during the
monsoon. Lentil and khesari are among the pulses
currently grown in a scattered manner on these soils.

Calcarcous alluvium

These soils occuronthe active floodplain of the Ganges
and extensively in the Meghna Estuary. These soils
show stratification either from the surface or from
within 25 cm of the surface. They are generally olive-
gray to olive-brown, The soils are sandy loam to silty
loam in texture and the seasonal flooding is generally

Citation: BARI (Bangladesh Agricultural Research Institute). 1991. Advances in Pulses Research in Bangladesh: proceedings of the Second
National Workshop on Pulses, 6-8 Jun 1989, Joydzbpur, Bangladesh. Patancheru, A.P. 502 324, India: Intemational Crops Research Institute for
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deep. Some soils inthe southern parts of Noakhali and
Patuakhali are also affected periodically due to salt
water flooding ana most become saline inthe top layers
during the dry season. Chickpea, lentil, khesari, cow-
ped, and mung bean are widely grown on these soils,

Noncalcareous gray floodplein soils (nonsaline
phase)

These soils occupy most of the Tista, Jamuna, eastern
Surma-K Kushiyara, middle Meghna and the Gangetic
floodplains. They also occupy some parts of the old
Brahmaputra and old Meghna estuarine floodplains.
The soils are gray or olive-gray when dry but become
darker when wet and reduced in the monsoon season.
The soils are mainly loam to clay loam in texture. They
are seasonally flooded and characterized by the pres-
ence of gray flood coatings along subsoil cracks and
pores. Chickpea, lentil, and khesari are grown on these
soils.

Noncaleareous dark gray floodplain soils

These soils occur widely on the old Brahmaputra and
old Meghna Noodplains. They are seasonaily flooded
and characterized by the presence of dark gray 1o black
flood coatings along the subsoil cracks and pores.
They are loam to clay loam intexture. Chickpea. lentil,
and khesari are grown in a scattered manner on these
soils.

Calcareous dark gray floodplain soils

This general soil type includes a wide range of soils
varying from friable, oxidized, and calcarcous ridge
soils. They are mainly characterized by the presence of
dark gray flood coatings and occupy most of the
Ganges river floodplains of Rajshahi. Pabna,
Manikganj, Kushtia, Faridpur, and Jessore districts,
These soils are generally deeply flooded in the mon-
soon scason. They are dark gray but sometimes brown
onridges, and loamy in texture. These soils are suitable
for the cultivation of all kinds of pulses.

Calcareous brown floodplain soils

These soils occur extensively on the highest parts of
floodplain ridges on the Ganges river floodplains.

They also occurto a lesser extent on the lower Meghna
estuarine floodplain and on the narrow ridges in the
Ganges tidal floodplain. The browr-colored soils are
loam toclay loam intexture. Some of the soils tie sbove
normal flood level and others are mainly flooded to
shallow depth for & short period during the monsoon
season. All pulses can be grown on these soils,

Gray piedmont soils

These soils are developed from the alluvial outwash
materials which accumulate at the feet of the northern
and castern hills. Seasonal flooding is mainly shallow
but occasional flash floods from the hills occur. The
soils are gray to pale brown in color when dry and
become reduced in the monsoon season.  These are
mainly loamy in texture, sandy near the hills and along
stream channels, silty and clavey further away where
they merge into gray or dark gray floodplain soils or
into acid-basin clays.  Of the pulses, cowpeas are
extensively cultivated in these soils.

Nutrient and Moisture Status

Noncalcarcous alluvium

These sotis are slightly acidic to near neutral. TheirpH
ranges from 5.9 in Shaghatta soil series to 6.5 in
Bonarpara and Kanuia series. Organic matter content
of these soils is around 1.0%. However, levels as low
as 0.57% are present in Sarikandi soil series. The
calcium and magnesium content of these soils is satis-
factory. Cavalues range trom 3.010 7.1 meq 100 g ' of
soil while Mg values range from 141 10 1.73 meq 100
¢'' soil. The potassium status is variable, K values may
be considered low, and a liberal dressing of potash is
necessary to obtain optimum yields. Nitrogen is de-
ficientinall soil series withNH -N values ranging from
817 pg g ' soil. Phosphorus content is guite variable.
Bonarpara and Sariv.kandi soil series contain phosphate
values below critical level. Other soil series may be
classed as medium with respect 1o phosphate content.

Among the micronutrients copper, iron, and man-
ganese contents are satisfactory.  Boron content is
variable and ranges from trace t0 0.-40 pg g' soil. Poor
pod formation and sterile grains in some soil series may
be associated with boron deficiency. Zinc content is
low and external supply will ve beneficial.

These soils contain a good amount of moisture (32-



45%) at field capacity. Supplemental irrigation would
ensure better crop production in the postrainy scason.

Calcareous alluvium

The soils are mainly calcareous but the top soil on the
lower Meghna estuarine is often noncalcareous. The
pH values of these soils range from 6.9 to 8.0. Organic
matter contentis variable, ranging from 1.12 10 2.50%.
Ivis low in Darshana series and high in Ramgati series.
Calcium and magnesium contents are high inalmostall
series except Ramgati where 3.7 meg 100 g ' and 1.12
meq 100 g ' soils are present. Inotherseries Ca values
vary between 17.6 and 22.8 meqg 100 g ' soils while Mg
values vary between 3.97 10 5.56 meg 100 g .

Exchangeable potassium contents  are satistactory in
almost all soil series except Darshana and Ramgati.
However, a maintenance dose of potassium would be
beneficial.  Nitrogen is highly deficient. NH, - N
content ranges fiom 5 to 16 pg g' soil. Phosphorus
supply of these soils is low and results in poor seed
yield of pulses. All calcareous soils may be classified
as low in phosphorus and an adequate amount must be
added to raise its content to the optimum level. Sulphur
content is satistactory in almost all series except
Darshana which contains only 9 pg SO.-S g soil.
However, a basal dressing would be beneficial,

All calcareous soils are rich in micronutrient con-
tents except those with high pH where zine deficiency
is prevalent. 1tis necessary to apply zinc in these high
pH soils otherwise the productivity of pulses will be
reduced.

These soils have higher field capacity (33-39%).
Even this soil moisture is not sufficient for postrainy-
season crops. Supplemental irrigation or rainfall is
necessary for good production of postrainy crops.

Noncalcarcous gray floodplain soils (nonsaline
phase)

These soils usually have low to medium acid content
with pH values ranging from 6.0 10 6.5. Except intwo
series organic matter content is below 1%, Polashbari
series has the lowest organic matter content (0.34%).
Among the five series reported here Ca values are
satisfactory. Maznesium is deficient in most of these.
The values range from as low as 0.51 10 0.97 meq. Mg
100 g soil. Exchangeable potassium is satisfactory
in four of the five series. The Gangachari series has as
iow as 0.15 meq K 100 g soil. Nitrogen is critically

deficient with NH_-N values ranging from trace to 37
pg g’ soil. Among the five series Gangachari has
available phosphate below critical level. Inother series
the status is satisfactory. Sulphur is deficient in most
of these soil series. The values range from 121028 pg
50,5 g soil.

Among the micronutrients boron is deficient only
in the Pirganj series, and zinc in nearly all. Copper,
iron, and manganese contents appear to be adequate.
The mean field capacity of these soils is about 34-39%
which indicates betier moisture storage capacity for
crop production.

Noncalcareous dark gray floodplain soils

The pH of these soils is slightly acidic to neutral. The
pH ranges from 6.2 in the Naraibag series to 7.0 the in
Chandina series.  Organic matter content is low.
Chandina series has the lowest value of 0.57% . Inother
series the values range from 1.30% in the Tippera
series 10 2.0% in the Buricheng series. These soils
contain good amount of moisture (34% ) at field capac-
ity. Supplementalirrigation is necessary in the postrainy
season.

Calcium and magnesium contents of these soils are
satisfactory with Ca values ranging from 2.9 meq 100
g soil in the Tippera series to 11.3 meq 100 g in the
Ghatail series aud Mg values from (0.95 meq 100 g soil
in Tippera to 3.60 meq 100 g soil in Chandina series.
Potassium status is fairly good and varies from 0.32
meqg 100 g soil in the Tippera series to (.54 meg 100
¢! in Shilmondi series. Only a maintenance dose is
needed to obtain maximum economic yield. Nitrogen
is critically deficient in all soil series. Of the 7 soil
series 4 have available phosphate values above critical
level. In the other 3 soil series phosphate values are
critically low.

Among the micronutrients only boron and zinc are
severely deficient in most of the soil series. In
Burichang, Chandina, and Sonatola series only trace
amounts of boron are detectable. Copper, iron, and
manganese contents are satisfactory.

Culcareous dark gray floodplain soils

The topsoil is calcareous having pH values ranging
from 7.2108.1. Organic mattercontent is quite variable
(0.95-2.00% ). Organic matter is lowest in Ishurdi and
highest in Gopalpur series. The mean field capacity of
the soils lies between 31 and 40%. Supplemental
irrigation is necessary in the postrainy season.
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Since these soils are calcareous it is expected that
calcium and magnesium centents would be high. Val-
ues as high as 24.9 meq Ca and 5.12 meq Mg 100 g-!
soiloccurinthe Mehendigen series. The comparatively
low value of 7.8 meq Ca 100 g'* soil in Ghior indicates
that some decalcification might have taken place.

Potassium contents are quite high. Thisis due tothe
presence of a large amount of potash-bearing mincrals
in these soils. Nitrogen is deficient in all series.
Phosphate is deficient in some. The available phos-
phate contents range from 7 pg g soil in Sara and
Mehendiganjseriesto 27 g g soil in Gopalpur series.
Sulphur is critically deficient only in Sara series. In
other soil series its content is adequate.

Among the micronutrients only a trace of boron is
detectable in the Sara series. In other series boron
content is sufficient.  Copper. iron. and manganese
contents are quite satistuctory.  Zine deficicney is
prevalent in all soil series because of their high pH
values.

Calcareous brown floodplain soils

These soils are calcareous having pH values ranging
from 6.8 in Rupper series 10 8.0 in Darshana series.
Organic matter contents are generally low. Ruppur
series has the lowest values (0.40% while Gangetic
Alluvium contains the highcst amount of organic mat-
ter (1.80%). These soils have a higher field capactty
(37-42%). Supplemental irrigation would ensure bet-
ter crop production in the postrainy season.

Calcium and magnesium supplies are high in almost
all series except Mirpur and Ruppur. Comparatively
lower contents of calcium in these series indicate that
some decalcification has 1aken place. Except Mirpur

and Ruppur, all other series have sufficient supplies of

exchangeable potassium. Nitrogen is critically defi-
cient inall the soil series. In Mirpur and Ruppur series
only trace amounts are detectable. Phosphorus s
generally tow. Except Jhenaidah and Ruppur all other
series have available P contents below critical level.
Sulphur is highly deficient in all series of these soils.
Sulphate values are much below critical level. In
Ruppur series only trace amount is detectable.

Among micronutrients boron content is highly
variable. It varies from trace amounts in Mirpur and
Ruppur to 1.14 pg g soil in Jhenaidah series which
could be toxic. Copper is sufficient except in the
Ruppur series. Iron content is high. In Ruppur and
Nachole series manganese is comparatively low. All
the soil series have exchangeable zinc below critical
level.
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Giay piedmont soils

These soils are acidic. The soil reaction is mildly to
strongly acid. The pH ranges from 5.4 to 6.0, Organic
mhatter contents are generally low. Except Sitakundu
and Pahartali all other series have organic mattercontent
of around 1.5%.

Calcium and magnesium contents are adequate.
Calcium contents range from 4.6 10 7.1 meq 100 g *soil
while nragnesium contents range from 2.00 1o 3.67
meq 100 g soil.  Nitrogen contents are below the
critical level in all soil series. Phosphorus deficiency is
common inalmost all series, Other than Sitakunda and
Roozan series, all the soil series have available phos-
phate values much below eritical level, Sulphur sup-
plies are medium. Only Sitakundu and Miresharai soil
series have available sulphate below eritical level.

Among micronutrients boron content is quite
variable. It ranges from trace amounts in Sitakundu to
0.66 pg g soil in Noapara series. Copper, iron and
manganese supplies are adequate. Zine content is also
adequate except in Barkal where it is much below
critical level. These soils have 31-35% mean soil-
moisture content at field capacity.

Nutrient Requirements

Nutrient requirements uf different pulse crops depend
on initial fertility siatus as well as yield goals. In
Bangladesh pulse crops are generally grown without
any fertilizers and manures. Information on nutrient
requirements of various pulse crops is scanty. How-
ever,ashort review on current information is furnished
below,

Chickpea

This crop can meet its nitrogen requirement by symbi-
otic fixation of atmospheric nitrogen. Since Bangladesh
soilsare critically deficient in nitrogen, a basal applica-
tion of 20 - 30 kg N ha'' has beer, found to increase the
seed yield of chickpea (BARC 1981 1o 1984),
Response of chickpea to phosphate fertilization is
high (Table 1). Khanom and Islam (1984) cbtained
yield increases (31%) by application of 30 kg PO,
ha''. A further increase of about 15% was reported by
the additional application of 30 kg PG, ha'. Islam et
al. (1985) observed the beneficial effect of potash
fertilization on grain yield of chickpen in calcarcous
brown floodplain soils. The sulphur progressively in-
creased the pod and straw yields of chickpea (Table 2)



Table 1. Response of chickpea to phosphate fertilization at Jessore, Jamalpur, and Faridpur, Bangladesh, 1981-84.

Yield (1 ha')
Jessore Jamalpur Faridpur

PIO.\ -
(kg ha') 1980/81 1981/82 1982/83 1983/84 1983/84
0 0.57 0.62 137 0.82 1.03
30 0.68 0.66 1.78 1.04 1.39
60 0.89 0.99 1.96 1.20 1.66
%0 - 0.90 1.9! 1.64 175

C.D. (0.05) 0.06 0.07 0.31 0.13 0.20

withincreasing ratesapproaching 25kg S ha'! (Talukder
etal. 1984).

In the case of micronutrients, responses 1o boron
and zinc were observed in noncalcarcous gray flood-
plain and calcarcous brown floodplain soils. Boron
addition helped in forming nodules and thereby in-
creased yield. Further investigations are in progress.
Zinc application at the rate of 5 kg ha ' increased grain
yield from 0.81 tha in the control plot to 1.02 tha” in
a treated plot (Table 2).

Lentil

Very little work has been done on this crop under
Bangladesh soil conditions. Khanom and Islam (1983)

observed that application of phosphaie (up to 60 kp
PO ha!) increased the grain yield of lentil in the gray
floodplain soil of Jamalpur (Table 3). Phosphate
ferti,zation had vo effect on per cent N and P content.
In calcarcous brown floodplain soils, Islam et ai (1985)
obtained beneticial effects of 90 kg K Oha ' along with
N30 P60 in increasing the grain yield. Inother trials in
gray floodplain and calcareous brown floodplain soils
phosphate and potash applicationsignificantly increased
grain yields at both locations. Sulphur and zinc appli-
cation had litle effect. Inanother missing nutrient trial
conducted in calcareous brown floodplain soils of
Rajshahi the significant combined influence of
N.P.K.S.Zn, Cu, B, and Mo, was noted over the control
plot.

Table 2. Effect of sulphur or zinc application on seed and straw yield of chickpea at Jessore, Bangladesh, 1984/85.

Yield (t ha') Yield (tha")
Sulphur Zinc
(kg ha'') Seed Straw (kg ha'') Seed Straw
0 0.18 242 0 0.81 243
25 1.07 3.15 5 1.02 3.20
50 0.88 2.64 10 0.93 2.78
C.D. (0.01) 0.06 0.35 0.06 0.35
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Table 3. Seed and stalk yleld and nutrient uptake by lentil at different levels of pho<phate fertilization at Jamalpur,
Bangtadesh, 1981/82.

P,0, Seed yield N content N-uptake P-content P-uptake

(kg ha') (tha') (%) (kg ha') (%) (kg ha?)
0 0.68 3.97 270 0.53 3.6
30 0.86 4.34 373 0.60 5.2
60 0.93 4.36 40.7 0.67 6.3
90 0.73 4.08 294 0.59 43
C.D. (0.05) 0.09 . NS - NS

Mung bean and black gram Table 4. The response of mung bean and black gram to

N . . . sulphur ferilization at Joydebpur, Bangladesh, 1983/84.
Information on nutrient requirement of muny bean and

black gram under Bangladesh soil conditions 1s mea- Mung bean Black gram
gre. Islam et al. (1986) found that 20 kg S ha' Sulphur Seed yield  Sulphur Seed yield
significantly influenced the grain yield of mung bean, thg ha') ttha' thgha'y (tha')
and 30 kg S ha', that of black gram (Tuable 4y In
another trial Ahmed et al. (1984) observed that gran 0 1.OR 0 0.50

20 1.29 15 1.4

and straw vields of mung bean increased sigmificantly

with increasing addition of” phosphorus up to 60 ky 40 1.06 ‘4”5 (l)‘;g

PO ha' (Table 5). Application of sulphur upto 40 ky ’ '
ql sqoively [N e . 3 . >

ha ' progressively increased yvield and protemn content C.D.(0.05) 0.15 007

of mung bean. There 1s little information avatlable on

Table 5. Effect of phosphorus and sulpbur on seed yield and protein content of mung bean at Joydebpur, Bangladesh,
1983/84.

Protein content (% )

PO, Seed yield Straw yield
(kgha') (tha'y (tha') Seed Straw
0 0.54 091 211 4.27
30 0.55 0.99 221 4.93
60 0.57 1.09 2400 5.31
90 0.56 1.04 249 5.75
C.D.(0.01) 0.070 0.06 0.90 0.28
S(kgha')
0 0.54 0.32 201 4.53
20 0.55 1.00 231 4.89
40 0.58 1.11 25.0 5.78
C.D. (0.05) 0.032 0.08 0.11 0.54
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the nutrient requirement of these pulses under
Bangladesh conditions,

Fertilizer Recommendations

On the basis of available information Islam and Amin
(1988) suggested fertilizer doses for various pulse
crops in Bangladesh (Table 6). Soil fertility and yield
goals were the main criteria in formulating such rec-
ommendations.

Table 6. Recommended doses of nutrients for obtaining

given yield levels for various pulse crops.

Kgha'
Fertility status N PO, K0 S Zn
Low 10-15° 30-40 2530 8-10 3
Medium 5-10 25-30 20 0-7
High 0 15-20 0-15 0 0

1. Yield levels tt ha 'y chackpea and lenuil. 1.0-1.5; mung bean and
black gram. 6.6-0.8; khesan: 0.8-1.0
2. Lower ranges are usually for khesan

Con<lusion and Future Research Needs

Due to competition with cereal crops, pulses are being
pushed tomarginal lands where nutrient limitations are
severe. As a result pulses area and productivity are
decreasing. Poor nodulation and pod setting in many
soils are associated with nutrients that are not com-
monly used by the farmers. Furthermore, new prob-
lems are appearing in many puise-growing arcas.
Limited research conducted inthe country has indicated
that it is possible to increase yields of pulses substan-
tially through proper soil-fertility and water-manage-
ment practices. Therefore, research on nutrient and
water requirement of pulses under varied soil condi-
tions of Bangladesh should be undertaken on a priority
basis.

Discussion

M.S. Hogue: All soils may not contain effective rhizo-
bia in sufficient numbers for adequate nitrogen fixation
1o meet the requirement of a pulse crop.  Added
nitrogen will increase crop growth and yield in soils
where suitable rhizobia are absent or sparse. But if
inoculation is used added urea-N may not be needed.

M.S. Istam: Yes. [ fully agree.

D.G. Faris: Can you give us an idea of the percentage
the various soil types occupy in Bangladesh?

M.S. Islam: Itis very difficult to give the percentage
of each general soil type. Alluvial soils comprise about
80% . hill soils 129, and terrace soils 8% . About 50%
of alluvial soils are suitable for growing pulses.

M.R. Ali: In one of your siides, in the Gangachari
series the plants grown in optimum soil also show
deficiency symptoms like that of Ma. wiiy?

M.S. Islam: Mg deficiency was not observed in the
predicted optimum treatment.

S.K. Roy: Were the tentilizer doses caleulated under
irrigated or nonirrigated conditions?

M.S. Islam: Fertilizer doses have been calculated on
the basis of yield goal and initial soil fertility. We
recommend supplemental imgation (wherever pos-
sible) if the winter rainiall 1s not enough.

D.G. Faris: You have given many results and have
indicated the need for further studies. However, (1) Do
you feel you have enough information for providing
appropriate fertilizer and cropping packages for farm-
ers? (2) If so. do you have these packages already put
together and given to the Extension Service for trial by
farmers 7 (3) Do vou have a feedback mechanism from
the farmer as 1o the effectiveness of the packages and
need for adjustment of packages !

M.S. Islam: (1) For the Ishurdi area (calcareous brown
floodplain soils) we have information for two cropping
patterns for the farmers. (2) We think we can give
fertilizer information for the patterns we have tested, 1o
extension service for trial by the farmers. (3) We have
a feedback mechanism but it needs to be strengthened.
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M.A. Karim: In your trials on plant nutrients you
found very good response of some added nutrieats on
the crop yield. Did you repeat the above experiments
for 2-3 years and get the same results 2

M.S. Islam: Yes. We repeated the field trials at least
fortwo years. Sometimes we noted variations between
2 years' results. But the responses to added n»trients in
deficient soils were significant.

A. Ahad Miah: What cultivars of chickpea, lentil,
black gram, mung bean, etc. have you used in your
micronutrient trials? In spite of application of micro-
nutrients the yield levels of those pulses recorded by
you seems to be lower compared 10 yields obtained in
our experiments without the application of micronu-
trients. Can you kindly explain?

M.S. Islam: The cultivars we have used were chickpea
cultivar Sabur4; lentil cultivar L 5; black gram cultivar
Baromashi: and mung bean cultivar Mubarik. Yields
obtained with different fentilizer treatments have been
reported. The other yield function was maintained
constant for fertilizer treatment. 11 is very difficult to
understand how you obtained higher yields without
application of any fertilizer since Bangladesh soils are
generally deficient in 3 1o 5 nutrient elements,

C.L.L. Gowda: In vour fertilizer recommendation,
why have you kept a yield targetof 1.5 tha' when the
potential is 3.5 t ha '?

M.S. Islam: Only medium- or moderate-yield goals
have been considered. We can also suggest fertilizer
inputs for low or high yield goals.

A, Islam: Since fertilizer is a costly input, your trial
should be accompanied by a partial budget analysis.

M.S. Islam: Yes. I fully agree.

A.Razzaque: What are the critical levels of B,Zn,and
S forpulse crops? What should the fertilizer dose be for
different pulses?

M.S. Islam: Critical levels for B, Zn, and § are 0.2,2,
and 14 pg g-' soil. Fentilizer, suggestions for different
pulses have been given in my paper.

H. Rahman: Soil is a dynamic system changing its
nutrient status with time. Once a fertilizer recommen-
dation of a pulse crop is made, how long may it remain
valid? Would you kindly give your opinion?
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M.S. Islam: Fertilizer recommendations need updat-
ing every 2 or 3 years.

A.R.M. Sayedur Rahman: We know that the addi-
tionof N increases yieldor that yield increase depends
on addition of N to a certain limit. But in the case of
pulses, addition of N leads to the increase of biomass,
not yield. Please explain the reason behind this.

M.S. Islam: For pulses we only recommend 15-20 kg
N ha" as a basal or starter dose since Bangladesh soils
are critically deficient in N. I think this small amount
cannot encourage vigorous vegetative growth,

O. Islam: We have observed in Thakurgaon soil, that
our local genotypes were significantly podded but the
exotic genotypes failed to produce any pods. Please
explain this.

M.S. Islam: The reason could be nutritional/physio-
gical. Soil-fertility investigations need to be made in
detail. Then it would be possible 10 give a proper
explanation.

M.A. Wzhhab: You have shown only the deficiency
symptoms of different fertilizers on pulses. Don't you
find any toxicity effect of any fertilizer on pulses?

M.S. Islam: Yes, sometimes we get toxicity symp-
toms due to addition of high amounts of Cu. Zn,B,and
Mo.

R.N. Mallick: Your results indicate substantial in-
crease of grain yield by the use of different nutrient
elements. The fertilizer doses have been recommended
but farmers seldom use any fertilizer on pulse crops.
Do you recommend exiension result demonstrations
on a large scale to create awarencss as this was proved
effective in case of cereals (rice and wheat)”

M.S. Islam: Yes, you should conduct extension result
demonstrations on a large scale to create awareness
among farmers.

A, Sarker: We have seen in the Thakurgaon farm of
BARI that our chickpea experiments suffered badly
from sterility. But a patch of the experimentai area
showed good podding. The scientists found that inthe
area where they applied Zn in the previous crop,
intensive podding occurred. Is Zn or boron responsible
for the sterility problem in chickpea?



M.S. Islam: Boron deficiency is mainly responsible
for causing sterility in grain crops. 1 think it is boron
which caused sterility in the Thakurgaon chickpea
plot.
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Abstract

Two field experiments have been conducted at the Regional Agriculiural Research Station, Ishurdi, since
1983, 10 determine the effects of pulses on soil fertility within different cropping patterns. These were:
whedat-mang bean-r.aman (ramy-season) rice and mustard-mung bean-raman. In hoth the mung hean
(Vigna radiata (L Wilczeky cultivar Mubartk was intraduced between two cereal crops during the early
monsoon (kharif 1) iMarch-Mav) season. In pattern L using N-O and 15, P-0, 30 and 60) and K-0, 15 and
30 ke ha ' a selected set of 12 treatments was tested on Mubarik and the largest grain vield of 1.84 1
ha ' was obtained by the reamment N-13,P-00 and K-15 i 1984:85. In pattern 2, Mubarik was tested
against 10 treatment combinations using N-O and 15, P-0. 300 and 60 kg ha " and the highest grain vield
of L8 ha was rec.ovded from the treatment N-15.P-30 in TYS485n both the patterns a huge umount
of biomass was added 1o the soil. This ranged from 9.3 10 127 tha ' in pattern and 3.7 10 Sitha'in
pattern 2. The biomass was useful in maintainny soil fertiliny dnclusion of pulses i the cropping pattern
reduced the use of fertilizers for the next crop. Farmers can produce enough pulses in their fallow lands
for their own consumption and marketing. Similar studies will be carried out with other cultivars of mung
bean and other pulses.

Introduction

[t has been observed that cultivation of pulses is cur-
rently undergomg ashight decline. Thisis the result ot
the availabiiey of wrrgation for the cultivation ol boro
ewinter-rice. Theretore, the mam task of pulse scien-
sty is Lo motivate tanners o grow pulse crops by
making them avare of the adsantages of pulses oser
cereals, 1 the farmers grow horo-nee i ther fields
they will have three cereal crops i one vear, thereby
reducing the fertifity ot the soal. Onihe other hand. by
growing pulses between two cereal crops. the sotl s
enriched due o the nirogen-tining abidity of pulses,
Pulses may fisn THO-FES kg mtrogen ha fromihe ir. A
targe amount of bsomiss s alsoadded to the s which
ultimately increases its organie matter, The addinon ot
nitrogen and orgame matter helps to maintam the
fertility of the soil and consequently reduces the re-

guirement for chemical fertibizers tor the next crop.

This study was undertahen to determine the effect of
mung hean (4 rend radiata t Wikezehyon two crop-
pg patterns involving wheat ¢Fviticum aestivin Lo
and taman s -season) rice and mustard ¢ Brassica
campestros Loyvand Caman,

Methods and Materials

Both experniments were plastied - a randomized
complete block design replicated three times. The unit
plot size was om x 3m. In pattern 1 there were 12
reatment combinattons while i pattern 2 there were
10, The spacing wis Jem betw eenrows in both cises,
In pattern { there were 2doses of nitrogen (O and 15 kg
ha ). 3doses of phosphorus O, 30 and 60K g ha '), and
3 doses of potassium (O 15, and 30 kg ha 'y, In pattern
2 there were 2 doses ot nitrogen (O and 15 kg ha 'y and
Ldoses of phosphorus (0, 30 and 60 kg ha 'y, All fer-
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tilizers were applied at the time of final land prepara-
tion. The experiments were sown on 9 March 1988 and
6 April 1988 and the area of 20 m* was harvested at
maturity on 27 March 1988 for pattern 1 and 9 June
1988 for pattern 2. Biomass yieldand grain yield were
recorded along with other necessary data.

Results and Discussijon

The effect of fertilizers on the yield of mung bean is
presentedin Table |. The highest vields recorded were
L43 tha 'in pattem | and 0.87 t ha ' in pattern 2. The
vield of mung bean was Jow. In § vears” vield data
highest vield of 1.84 1ha ' was recorded inpattern | in
1984/85 and 1.80 t ha ' in pattern 2 in the same year,
Biomass vields of these two cropping patterns were
recorded in 1986/87 and 1987/88. A large amount of

Table 1. Mung bean yield (t ha') with different doses of
fertilizers in two different cropping patterns, RARS,
Ishurdi, Bangladesh, 1987/88.

Pattern - 2
(Mustard - mung
bean - taman)

Pattemn - |
(Wheat - mung
bean - t.umun)

Treatment Treatment
N-P-K Yield (tha') N-P Yweld(tha ')
0-0-0 0.83 0-0 0.63
15-0-0 1.30 15-30 0.73
15-30-0 1.36 15-30 0.70
15-30-0 1.43 15-30 0.68
15-60-9 1.40 15-30 0.70
15-60-0 1.18 15-60 0.87
15-60-15 1.41 15-0 0.53
15-60-15 1.33 15-0 0.68
15-0-15 1.20 15-0 068
15-0-30 1.30 15-0 0.70
15-60-30 1.38
0-25-0 1.33
F. Test s NS*
CD.(0.01) 042 -
C.V.(%) 7.1 21

I. Significant at the 0.01 level.
2. NS = Non-significant.
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biomass was added 1o the soil, In pattern 1 up o 14.3
tha'' of biomass was added 1o the soil in 1986/87 and
127t ha 'in 1987/88. Incropping pattem 2 the addition
of hiomass was up 10 7.2 t ha ! in 1986/87 and 5.1 1
hatin 19R87/88.

Economic studies of these two cropping patterns
were performed for the last 3 vears. For this, we
considered only the prices of the fenilizers, all other
factors being constant. An economic study of these
cropping pattermns indicated that in pattem I ahighcost-
benefit ratio of 1:9.34 wus achieved. In cropping
pattern 2 the ratio was 1:6.35.

Beside these experiments, the On-Farm Research
Division has carried out a large number of cropping-
pattern experiments at different Farming Svstems Re-
search (FSR) Sites. The resulis of the cropping pattems
over a 3-vear period indicated signiticant differences
among treatments, The returns from these pattems are
veryencouraging and farmers are aceepting the pattemns,
Althoughthe patterns underconsideranon are becoming
popular among the tarmers still there s a possibility
that they may change their decision. Onee irngation
becomes available, tarmers usually will grow rice for
thetr own family sse. Hopefully the success of these
patterns wil reverse this trend.

Discussion

S.K. Roy: Do you suggest fertilizer application to
indidual crops within a pattern or to the pattern as a
whole? If yes, why?

AF.M. Rahman: Yes. The fertilizer needs of difter-
enterops vary. But as mung bean has been introduced
between two crops the addition of fertilizer in the next
crop will definitely be le,

MLO. Islam: When did You plant mung bean in yvour
proposed cropping pattern? Ix it possible to grow or fit
this crop into a traditional cropping pattern economi-
cally?

A.F.M. Rahman: The mung hean was sown in the
later part of March. Yes, [ have tested the crop for the
last 6 years and suecesstully fitted it in the pattern, 1
think you have marked the economic study in the paper
and that is profitable.

M.S. Hoque: The inclusion of a legume like mung
bean in a cropping pattern may show more spectacular



benefit over a longer period of time and not within 2-
3 years.

A.F.M. Rahman: I do agree v iin you. I have studied
the patterns for the last S years and itis still continuing.
The resultis self explanatory. Tthink getting something
from nothing is even more encouraging.



Prospects of Increasing Pulses Production Through Improved
Cropping Systems

M.Z. Abedin and Md. Akram Hossain

Bangladesh Agricultural Research Institute, Joydebpur, Bangladesh

Abstract

Pulses oceupy a position of pride in Bangladesh agricidture for various reasons. However, due to
continwed emphasis on cereals, these are heing replaced by rice or wheat crops, especially in irrigated
areas. Increasing vield per hectare is the main way to augment pulses production, though opportunities
1o erow puls »s in current Jullows exist. Experiments conducted both on-station and on-furm suggest that
these crops could be fitted into existing cropping patterns in nontraditional areas and in times of the year
when they are not usually grown, Further, proper sced rates in the existing intercropping practices can
hoost vields. Pulses coudd be grown successfully as mixed crops with wheat. This paper discusses the
rescarch resudts of trialy on intercropping with pulses and on pulse-based cropping systems conducted
during 1981-88 in Bungladesh. Swegestions for future areas of concern have heen made.

Introduction

The major reasons for reduction in arca and production
of pulses are replacement of these crops by cereals, and
stagnant and poor yields.  Farmers produce more
cereals, especially rice, tominimize the risk othousehold
food shortage. Wheat is cultivated by expanding
irrigation facilities and under rainfed conditions.
Morcover, hora (winter) rice under irrigation has re-
placed pulse crops. Lentit (Lens culinaris Medic.) and
chickpea(Cicer arietiman L.), have also been replaced
mostly by wheat and to a certain extent by horo rice.
Poor productivity of pulses has also made them less
attractive than other crops.

Ataminimum per capita consumption rate of 15 ¢
day ' the total requirement of pulses in 1989/90 was
estimated to be around 600 (00t for a populationof 110
million. In other words the production needs to be
tiebled in the coming years if we want to provide a
cheap source of protein to our people.

Constraints to Pulses Production

Acritical analysis of the problem identifies the following

constraints to increased yield and production of pulses
in Bangladesh.

Cultivars

Seed

Weather

Agronomy

a.  Delayed sowing time
b.  Low sced rate

¢.  Inadequate land preparation
d.  Inadequate interculture
e.  Inadequate irrigation
Crop nutrition

Plant protection

Consumer preference

S

N

These have been described elsewhere in this pro-
ceedings and will not be discussed here (Islam and
Rahman 1990; Ahad et al. 1990).

Opportunities for Increasing Production

Thoughimproved cultivars of the pulses are not as high
yielding as those of cereals and potatoes, they can give

Citation: BARI (Bangladesk Agricultural Research Institute). 1991. Advances in Pulses Research in Bangladesh: proceedings of the Second
National Workshop on Pulses, 6-8 Jun 1989, Joydebpur, Bangladesh. Patancheru, A.P. 502 324, India: Intemational Crops Research [nstitute for
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relatively good yields if proper production technology
is followed. Similarly the crop-production technolo-
gies for these crops are not as advanced as those for
other crops. However, their adoption does lead 1o
increased production. The strategies described here
may be utilized 1o increase the production of pulses,

The present-day national productivity of pulses is
around 600 kg ha ', Tt can casily be increased, possibly
doubled, provided proper management practices are
followed by the farmers. Some of the available tech-
nologies are described below,

Introduction of Improved Cultivars

Cultivarsplay akey role in increasing yield as TeSPoOnses
fo management practices are mainly decided by the
genetic potential. Recent advances are:

*  Mung bean (Viena radiata i1..) Wilczek): cul-

tivar Mubarik released in 1982, Yields about
0.8-1.01ha'.
Cultivar Kanti released in 1987, Adapted 10
September  sowing.  Matures within 60-65
days. Svachronous in podding. Mcan vield is
about 1.O- 1.2 that,

*  Chickpea cultivar Nabin: released in 1987.
Flowers and matures about 15 days carhier than
the local check, seed size about 25¢ larger than
the tocal cheek (cultivar Sabur 4) and vield is
30-35% more than local varicties under farm-
ers’ management conditions.

*  Black gram (Vigna mungo (L. Heppery line
MAK | awaiting release (Rahman 1990)).
Maintains more or less stable vield across

locations. Produces 20-30% higher yield than
local check varieties. Mean yield is around 1.0
tha”. Suitable for rainy-season sowing.
Besides these, the Bangladesh Institute of Nuclear
Agriculture (BINA) has developed a black gram mu-
tant "M 25" and a mung bean strain *“MB 55° M 25
outyielded (1.25 t ha 'y the Teeal variely at the Boda
Multilocation Trials (MLT) site in the postrainy sea-
son, 1987/88. The mutamt also proved to be more
tolerant to yellow mosaic virus (YMV), Mung bean
strain MB 55 produced about 1 tha ! but infestation at
the later vegetative stage was more than the check
cultivars.

Fertilization

Though the fertilizer requirements of pulses are not as
high as that of cereals, they cenainly respond to small
doses of nitrogen, phosphorus, and potassiun. Islam
{1990) recommended fertilizer doses for pulse crops
after a series of experiments conducted by the Soil
Sctence Division of Bangladesh Agricultural Research
Institure (BARD) in differem parts of the country,

Inoculation with Rhizobium sp Culture

Khanam and Hossain (1988) reported that different
strains of the Rhizobiun sp culture significantly in-
creasedtheyield of chickpea. The grainyieldof chickpea
may be increased by as much as S8% if seeds are
inoculated (Table 1), Khanam and Hossain (1988) also
reported that the yield of lentil was higher when plants

Table 1. Effect of Rhizobium inoculation on cultivars of chickpea nodule, grain and byproduct mass, high Ganges

floodplain soils, Bangladesh, 1987.

Chickpea Nod.mass Byproduct mass Grain yield Increase in grain
cultivary (kg ha'') (tha' (tha") yield (%)
Sabur 4 (N)! 16.8 1.55 1.64 0

Sabur 4 (1) 318 1.30 1.79 9.2
Nabin (S1) (N) 159 1.75 1.66 0
Nabin (S1) (D) 30.9 1.77 1.69 1.8
JG74(N) 1.5 1.51 1.50 0
IG74(D) 429 1.64 1.70 13.2

E2 (N) 228 1.29 1.02 0

E2 () 334 1.76 1.43 579

1. N = Noninoculated; I = Inoculated.
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were fertilized with proper doses of nitrogen, phosphate
and potash along with application of inoculum (Table
.

Though efficient strains of Rhizobitm sp have been
identified, the production of culture has not been un-
dertaken on a large scale.

Dates of Sowing

Studies by the Agronomy Division, BARI (BARI
198 2a) revealed that among the five mung bean stains
tested, BM 7706 produced the highest grainyield (1.61
tha Y followed by BM 7704 (1.57 tha '), whensownon
15 Apnlat the BARI Farm, Jovdebpur.

Studies at Jessore, Ishuedi, and Joydebpur by the
Agronomy Division of BARI (BARI 1985) showed
that optimal time of sowing chickpea would be nuddle
of Nov but it can be sown tift middle of Dec with higher
seed rates. Sceding of lentil ull 25 Nov had similar
effectony ~dand other characters. But S Dee sowing
showed soae decline in vield and yield-contributing
characters.

Karim et al. (1988) reported that vield and yield
components of the mung bean line "MK 72" were
influcnced by time of sowing. Higher grain vield was
oblained from the crop sown on 15 March,

Additional Area Approach
Introduction of pulses in new areas

When irrigation facilities expanded, the area under
pulses cultivation was reduced and a search for new
places for the cultivation of pulse crops began. Culti-

vation of pulse crops in current fallows incorporating
these in the existing cropping systeins may open up
new possibilities for area expansion,  Rescarchers
started finding out the exact possibilities through the
on-fanm famming svstems rescarch.

Training inapplication of new cropping pattems on
farmers” ficlds by BARI, Bangladesh Jute Research
Institute, (BJRD. and Bangladesh Agricultural Univer-
sity (BAU) during 1980/81 has also shown good
prospects for incorporating pulses in the traditional
cropping pattermns. A review of the National Coordi-
nated Cropping Systems Rescarch Project in
Bangladesh (BARC 1985) identified the following
pulse-based cropping pattems as biologically feasible
and economically viable,

Agroecolugical Recommended cropping

rone (AEZ) pattern
High Ganges flood-
plain & Rice (b.aus)-fullow-mustard

Highlond F1
Brahmaputra tlood-
plain F

Muaize - mung bean - mustand

Rice (aus) - rice (Laman-
Khesari

(Lathyrus sativus L..)
Rice (D. 8. Aus)-rice
(Laman lentil)

I :Jute -taman rice -khesari
Fl :Jute ~Laman rice cultivar
‘BR-4" khesari.

Medium highland F1 -

Multilocational testing of the following cropping
patterns that were found to be biologically stable and
cconomically viable at different Farming Systems
Research (FSR) sites was started by the On Farm
Research Division (OFRD), BARI in different

Table 2. Lentil grain, byproduct, and nodule inass as affected by Rhizobium inoculation and chemical fertilizer, old

Brahmapuira floodplain soil, Bangladesh, 1987.

Increase in

Nod.mass Byproduct mass Grain yield grain yield

Input (kg ha " (tha') (tha') (%)
No fertilizer 1.9 0.84 0.79 0

N! 1.4 097 093 183
PK*® 1.3 0.94 0.91 16.0
NPK 1.5 0.89 092 168
Contro: + Inoculum 2.2 1.04 0.94 19.1
PK + Inoculum 24 1.07 1.06 35.1

N = nitrogen;
P=

1.
2. P = phosphorus, K = potassium.
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agroecological zones from the postrainy season of
1988/89.

AEZ Cropping Moisture
Pattern Pattern
High Ganges  Maize-mung Rainfed
Floodplain bean highland
Tista Flood- Jute-mung bean- Partially irrigated
plain tobacco highland

Rar.fed, medium
to medium-high
lowland

Aus (rainfed)
rice-Laman
(rainy season)

rice/khesart

The results of agroeconomic studies at the FSR
sites are presented in Tables 3,4, and 5.

The cropping intensity in the Barind arca is low.
Farmers grow single Laman crop in most arcas (829 ).
Rahman and Kar (1988) reported that mung bean can
be grown in Barind with yield around 450 kg ha ' after
Laman rice (cv "BR 117). In 3 out of 5 years, chickpea
in the green manure (GM)-taman-chickpea cropping
pattern produced very good yields, and an acceptable
yield i one year. The crop could not be established in
one year due to depletion of soil moisture at sowing
tme.

Table 3. Summary of agroeceaomic performance of maize + mung bean-t.aman-wheat pattern on (Gopalpur soil series
under partially irrigated, medium highland at Kalikapur site, Bangladesh, 1986-88.

()" B.aus-tLaman-wheat

(FAY maize+mung.bean-taman-wheat

Vatiable Pattern  1983/86 1986/87 1YR7/8R  Mean  1985/86 1986/87 1987/88 Mean
Variety cl1! Kalabakri  Kalabakn . - Sadat+Mubarik Sadaf+Mubarik
2 - BR 11 BR 11 - BR 11 BR 11
C3 Sonalika Sonalika  Kanchan Kanchan Kanchan Kanchan
Field
duration Ct - 108 108 106 - 92(M) 96(M) 94(M)
(days) 2 - 126 118 122 - 125 120 122
C3 103 103 105 M 113 113 108 1H
Yield
(tha') Cl - 1.47 1.16 1.31 - 5.41+0.318 3.25+0.186 4.33+0.25
2 - 3.99 3.29 3.64 - 4.50 4.16 4.33
C3 1.83 2.20 1.03 1.68 2.51 240 1.42 211
Gross benefit  Cl - 11003 7096 9 (49 - 29276 25433 27 354
(Tk na') C2 - 23354 19084 212119 - 26726 24 316 25521
C3 9 555 4S50 5962 8 989 13 367 12 452 8216 11 345
Total vaniable  CI - 3418 382§ 3471 - 5542 5212 51377
cost 2 - 315 7 595 7 805 - 8510 9514 9012
(Tk ha') C3 5140 5372 5 382 5 298 6979 7031 6076 6 695
Gross margin~ Cl - 7 585 3571 5578 - 23734 20221 2190
Cc2 - 15339 11489 13414 - 18 216 14 802 16 509
Cc3 4415 6078 580 3689 6 388 5421 2140 4649
Cost-benefit Ci - 12 2.01 2.61 - 5.28 4.88 5.08
ratio (Tk ') 2 - 291 2.54 2n - 314 2.56 2.85
C3 - 213 1.11 1.70 1.92 1.77 1.35 1.68

1. F = Existing cropping patiern;
2. FA = Altenaive cropping pattern;
3. CI-C3=Crops.
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Table 4. Economic performance of farmers'alternative cropping pattern' (FA) as compared to farmers’ existing
cropping petterns (F1 and F2) under Pirgacha-Poiashbari higbland soil at FSR, Janokinathpur, Rangpur,

Bangladesh, 1987/88.
Mung

Crop Jute bean Tobacco Total Jute Fallow Tobacco Total Jute Fallow Potato Total

Yield increase  [(F1Y  1(F2) - 33 - - - - . -
(%)

Gross benefit 15597 5640 44225 65462 14109 - 33150 47150 15178 - 18 846 34 024
(tha')

Total variable 7184 3009 10526 20719 7823 - 10623 18452 7923 - 17306 25229
cost (¢ ha'')

Gross margin 8413 2631 33699 44743 06280 22525 28807 7255 - 1540 8795
(that)

Cost-benefit 2.17 1.87 420  3te6 1.80 - 312 256 1.92 1.09 1.35

ratio

1. FA = jute-mung bean-tobacco; F1 = jute-fallow-tobacco; F2 = jute-fallow-potato.

The on-farm research division of BARI in collabo-
ration with the Department of Agricultural Extension
hax also undertaken pilot production programs o he
following pulse-bascd cropping patterns since they
were found to be better at FSR and Multilocation Trials

(MLT) sites.
AFZ Cropping pattern Condition
Low Ganges  B.aws-lentil+mustard  Rainfed
Floodplain highland
Brahmaputra  Maize-mung bean- Rainfed
floodplain mustard highland
Tista Flood-  Mung bean-t.aman-  Rainfed,
plain wheat medium
highland

Introduction of lentil in mixed cropping in crop-
ping pattern | yielded about 700 kg ha'! lentil: yield of
sole mung bean was about 800 kg ha' in the other
pattems.

Results show that with proper adjustment of other
crop cultivars, sowing date, and seeding technique. itis
possible 1o incorporate pulses in patterns and areas
where these are not traditionally grown. Studies inthe
Tista floodplain also showed that the mung bean -
t.aman - wheat pattern could be best fitted in a 2-year
rotation with another cropping pattern of jute-t.aman-
wheat.

Mixed cropping of pulses and other crops

Karim et al. (1988) reported from a 2-year ficld trial
conducted at BARI, Joydebpur during 1986/87 that
mustard when grown with lentil in ditferent planting
geometry (strip cropping, intercropping, and mixed
cropping) produced the highest yield of 1.24 tha from
the sole treatment. From the same experiment 784 kg
ha' of lentil was obtained from sole treatment. The
combination 100¢% lentil broadcasted between mus-
tard rows 60 cm apart gave'highest land equivalent
ratio(LER) (1.31)net return (Tk. 10358 ha'), and cost-
benefit ratio (3.12). They also reported from 2 years'
results that lentil grown between widely spaced rows of
mustard (£ cm) gave higher lentil/mustard LER and
net return than that of monnculture of either lentil or
mnstard or other forms of mixed cropping.

From studies in Jessore (OFRD 1988) it was found
that an LER higher than 1.0 could be obtained if
mustard is mixed with lentil or chickpea. The highest
yield and LER were observed when mustard and
chickpea were mixed cropped in a 50-50% secd rate (6
kg ha' mustard, 20 kg ha' chickpea). The seed rates of
the sole crops were 12 kg ha'' for mustaid and 40 kg
ha' for chickpea and lentil.

A trial on the seeding ratio of mixed cropping of
lentil with mustard. lentil with linseed, chickpea with
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Table 5. Economic performance of the farmers® alternitive pattern (FA:B.aus-t.aman(MV)' khesari as compared to
farmers’ existing patterns under Bonapara - Iinzdpur medium-highland rainfed soil at FSR Site, Janoklnathpur

Rangpur, Bangladesh, 1986/87,

Farmers® altemnative

pattern (FA) Mean Farmers® pattem (.7) Farmers® patter
t.aman Relayed Laman t.aman

Information Aus  (MV) khesan Jute (MV)  Fallow Total Fallow (MV) Faliow Total

Value of 11385 21430 4109 36924 7600 16 185 - 23185 16620 - 16620
main product
(Tk ha')

Value of by 1431 3025 426 4882 378 2241 - 2402 2402 2402
product (Tk ha')

Cross retumn 12816 24455 4535 41806 10786 18426 - 29212 . 19022 - 19022
(Tk ha)

Material cost 2446 2468 400 5314 1395 1165 - 2560 1168 - 1168
(Tk ha')

Animal power 1704 1704 - 3462 2394 1980 - 4374 - 1 836 - 1836
cost (Tk ha'y

Total variable 7513 7310 1120 15943 9984 6433 - 16417 6256 6256
cost (Tk ha !y

Gross margin 5303 17145 3415 25863 11993 - 12795 12 766 12 76¢

(Tk ha')

1. Modemn vanety.

mustard, and chickpea with linseed was conducted at
the OFRD site, Bagherpara, Jessore on the Darshana
soil series highland phase (OFRD 1988). Trials on
lentil with mustard. and chickpea with linseed were
conducted on Amjhupi soils also during the postrainy
scason, 198R/8Y. The seeding ratios were 100:50),
100:25, 75:25, 75:50, and 80:40 of the recommended
seed rates of the respective crops. The results are given

below,

Lentil + mustard. In Darshana soil series of High
Ganges Floodplain, the gross returns from mixed
cropping atall the seeding ratios were higher {Tk. Y086
to Tk. 13273 ha') than that of their sole crop. A seeding
ratioof 75:25 produced the highest LER of 1.77 followed
by the seeding ratio 100:25 (1.64),80:40(1.52), 100:50
(1.48), and 75:50 (1.43). With the increase in the
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mustard population the yield of lentil was suppressed
and thereby the seed yield was also suppressed.

Chickpea + mustard. The yield of chickpea was
lowerunder all the mixed-crop treatments than as a sole
crop. Chickpea yield of 572 kg ha ' was obtained from
100:50 seeding ratio.  The highest LER (1.68) was
obtained from 75:50 seeding ratio. The highest gross
return (Tk. 6368 ky ha ') was obtained from 100:50
sceding ratio followed by 100:25(Tk. 6300kg ha"), and
75:25(Tk. 610S kg ha'). The highest monelary ad-
vantage (Tk. 2461 kg ha ') was obtained from the 100:50
seeding ratio.

Lentil + finseed. The gross return in all the seeding
ratios were higher (Tk. 540010 Tk. 7100 ha ') than that
of their sole crops. The 100:50 seeding ratio produced
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the highest LER (1.59) and gross return (Tk. 7160
ha''), and monetary advantage was highest (Tk. 2657
ha''). Lentil vield did not change proportionately with
change in population of linsced.

Chickpea + linseed. In Darshana soil series the gross
returns in all the seeding ratios were higher (TK. 3170
to Tk. 4655 ha 'y than thatof sole croppings. In Amjhupi
soil series all the sceding ratios gave lower gross
returns than so'e chickpea except the seeding ratio
100:25. In Darshana soil series 60:40 seeding ratio
produced highest LER ot 1.57 toilowed by the seeding
ratios 75:50(1.52). In Amjhupisoil series highest LER
of 1.20 was obtained from the seeding ratio 100:25.

Wheat + lentil. Studies on the mined cropping of
wheat with lentil at Palima and Kanaipur sites of
Tangail and Faridpur during the postraimy scason 1987/
88 showed that the seediing ratio 100:33 gave the
highest LER value, cost-benetit ratio and gross margin
{OFRD 1988).

Relay cropping

Studies at Jamalpur by the Agronomy Division, BARI
indicated that the Khesari cultivar Jamalpur with 45 kg
seeds ha  was suitable forrelaying int amanrice (BARI
i785).

Alam and Costa (1988) reported that improved
management of Khesari + maize intercrep used for
fodder and g cen cob, respectively, when relayed in
Laman rice gave higher gross niargin (TX. 26 300 ha h
andcost-benefitratio (4.07 The vield of intercropped
Khesari + maize was reported o be 1.48 and 3.88 1
ha'. Khesari was utilized as fodder because there is an
acute shortage of fodder in Tangail during January-
February.

Intercropping

Inastudy conducted by the Agronomy Division, BARI
it was found that the highest net return (Tk. 8840 ha'!)
was obtained from maize + wheat intercropping fol-
lowed by maize + chickpea intercropping (Tk. 7 720
ha') (BARI 1982b). It was alse found that during the
early rainy season intercropped mung bean produced
0.73 tha' and lelsak (leafy amaranthus) 1.89 tha* with
an LER of 1.45 in the pattern cabbage + lalsak - mung
bean + lalsak-Indian spinach + kangkong (pomoea
sp).

Again intercropped mung bean produced 0.65 1

haand radish 1.31 tha' (69% of monoculture) with an
LER of 1.46 in the pattern cabbage +spinach - mung
bean + radish -lady’s finger + kungkong.

An intercropping experiment of maize, mustard
and wheat with khesari under zero-tillage conditions in
the farmers® fields in the flood-affected area of
Keshabpur, Jessore Juring the postrainy season, 1987/
88 wasconducted atter recessionof flood water. Maize
and khesari were found to be suitable for sowing onthe
mud after the flood receded. Khesari could be har-
vested without affecting the timely transplantation of
hororice,

Conclusions and Recommendations

In spite of the possibility of an increase in the area
underbororice after the introduction of irrigation there
remains enough scope to increase the production of
pulses in Bangladesh.
considering the various limitations, {uture research
should include the following issues:

Keeping this in view, and

o  Scarch for better cultivars to suit varying
agrocliniatic situations and different cropping
systems, Yields could be inereased from the
existing arca if high-yielding cultivars are in-
troduced.

e Short-duration cultivars to fit into systems in-
volving bore nice. This will need varieties ma-
turing in about 8O0 days. Such varieties will
toagreatextentregain the pulsearcalostto horo
rce.

e Improved management practices for sole and
mixed cropping. Increased production through
higheryields of existing pulsescould be obtained
through better seed rate. weeding, and better
land preparation.

e Development of new cropping systems involv-
ing pulses.  This will allow introduction of
pulses in new arcas and i different seasons.

e Adjustment of existing cropping patterns. Ex-
isting cropping patterns often delay seeding
thereby reducing yield. due topoor soil-moisture
conditions. Seeding during optimum moisture
counditions and time can greatly increase yield.
Short-duration rice varieties can help to achieve
this.

e Fodder crop production. Traditionally green
pulses crop and hay are used as fodder. Redue-
tion of the pulses area has reduced the fodder
availability, thereby affecting animal health.
Cultivars producing higher biomass may com-
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pensate for Jower fodder production due to the
reduced area,

¢ Improved pest-management practices. Disease
and insects are important factors for reduced
yield. Economically sound practices should be
developed so that farmers are motivated to use
pest-management practices.

e Better sced storage conditions.  Better seeds
would mean good plant stands and higher vields.
Insects cause a lot of damage to pulse seeds in
storage, therefore improved storage methods
are a matter of urgent necessity.

s Emphasis on khesari, lentil and chickpea. Be-
cause of their share in national pulses produc-
tion the emphasis of research should be on
khesari, lentil, and chickpea.

o Regional emphasis. The area on which mung
beanand cowpea (Viena unviculata(l..,) Walp.
are coltivated s comparatively less than the
other pulses, yetin some areas, their importance
is not negligible. Therefore, research vn these
twocropsshould be mtensified. espectally mung
bean for the southern area (Barisal and
Patuakhali), and cowpea for the Chittagong
are.

Apart from the abovementioned areas for research
there exists scope o increase the pulses production
using currently available technologies. A dedicated,
well-organized and well-coordimated program can
achieve this. It is expected that if the suggested
strategies are adopted pulses production could be in-
creased by abuut 107 000 t within the next S years,
despite the invasion of pulses area by irrigation tech-
nology suitable for cereals.

Expected additional
production (t)

Strategy

Adoption of improved cultivars (20% arca
i.¢.. 50 000 hay of chickpea. lentil and

mung bean 20 000
Adoption of newly developed cropping

patterns (70,000 ha) 70 000
Use of fertilizer and biofertilizer

(10% arca) 2000
Sowing under proper moisture conditions

and at the proper time 5000
Use of quality seed 4 000
Improved mixed cropping

including new patterns 3000
Plant-protection measures 3000

Total 107 000
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Progress in Agronomic Research on Pulses

A.F.M. Maniruzzaman and A. Ahad Miah

Bangladesh Agricultural Research Institute, Joydebpur, Bangladesh

Abstract

Agronomic research curried out during 1981-1988 indicated that timely sowing was a key factor in
realizing the yield potential of postrainy-season pulses. For rainy-season pulses, maintenance of
udequate plunt stand and appropriate management practices were critical in raising productivity.
Research work covered several areas mcluding the development of cultural practices to increase vields
of newly released cultivars and those in the pipeline. determination of the benefits of low vs high
managerient practices. incorporation of specific pulses (for grain and green manure) into existing
cropping patterns. inter, mxed und relay cropping of pulses with crops like cotton, barley, wheat, linseed,
maize, etc, und crop physiological investigations 1o provide a basis for management practces. These
Sindings and their implications are described and discussed. Constraints to obtaining high vields and

research necds for the future are sugeested.

Intreduction

Rice-pulse combinations have always predominated
the traditional diets of the people of Bangladesh. How-
ever, emphasis on cereal production in official food

policies has led to the neglect of the production of

pulses inrecent years (Khan and Khan 1985). This has
resulted in a reduced per capita availability of protein
(Ahad et al.1990). Traditionaily, pulses are grown in
Bangladesh during the postrainy season and the rainy
season.  Khesari (Lathvrus sativus L)), lentil (Lens
culinaris Medic.), chickpea(Cicer arietinum L.), black
gram (Vignamungo(L.)Henper), and mung bean (Vigna
radiata (1..) Wilczek) account for nearly Y5% of the
total arca under pulses. Presently pulses occupy less
than 5% of the total culivated area and contribute
about 2.4% of the total food-grain production. Yields
of these crops are low as they are generally grown
without irrigation or other inputs. The crops are mainly
confined to marginal lands, with poor fentility condi-
tions and low moisture status. Rice and wheat are
grown on the more preductive lands.  These crops are
grown in the postrainy season after the cessation of the
monsoon rains, utilizing residual sotl moisture. The

rainy-season pulses, on the other hand, are grown with
the first premonsoon shower or along with the monsoon
rains. In both cases the crops are raised under poor
management conditions. Consequently there has been
adechne in the area and production of pulses. Consid-
ering the importance of pulses in the diet of the people
of Bangladesh and their beneficial effect on soil fertil-
ity. there is a need for concernted efforts to enhance
pulses production It is necessary to bring together all
the available information on pulses production, to
enable planners, policy makers to formulate policy
measures, researchers to determine future research
needs, and farmers to benefit from the results.

Climatic Requirements of Pulses
Postrainy-season Pulses

The major postrainy-season pulses are khesari, lentil,
and chickpea. The temperature optima for the growth
of postrainy-season pulses lie between 10°C and 30°C
(Saxena 197%. On this consideration, 110-115 days
are available for growing postrainy-season pulses. For

Cianon' BARI (Bangladesh Agncuitural Research Institute), 1991. Advances 1n Pulses Rescarch m Bangladesh: priceedings of the Second
Natonal Workshop on Pulses. 6-8 Jun 1989, Joydebpur, Bangladesh Patancheru, A.P 502 324, India: International Crops Research Institute for

the Semi-And Tropics
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the short and mild winter condiiions of Bangladesh,
cultural management should be designedto fully exploit
the available growing period.

Rainy-season Pulses

These pulses includ: black gram, mung bean. and
pigeonpea (Cajanus cajan (L.) Millsp.) The optimal
temperature for growth and development of most sum-
mer pulses is between 25°C and 35°C. They can toler-
ate high temperatures up to 40°C, but are sensitive to
low temperatwres (below 18°C). These crops are nor-
mally drought tolerant but sensitive to waterlogging.
Mung bean and black gram, grown during the summer,
are daylength insenstive. However, a daylength-
sensitive mung bean culuvar locally known as
Sonamoong is grewn in certain spectfic locations
during the postrainy scason.  Summer pulses can be
grown almost throughout the year except durning the
short - ‘inter season.

The Role of Pulses in Cropping Systems

All the major cropping patterns are rice-based. There-
fore, postrainy-season pulses have to compete with
horo (winter) rice and wheat, particularly in region:
where irrigation facilities are avanlable. Inareas wher
lentil and chickpea are sown after the harvest ot uman
(rainy-season) rice (August-Decemiber) growth and
yield are affected adversely. In the early monsoon
(Kharif 1) season (March-May) uncertain and erratic
rainfall restricts the cultivation of summer pulses. In
the late monsoon season (Khanf 1) (August-October).
mung bean and black gram have the potential to follow
aus (rainfed) nice or jute (April-July), particularly in
the northem districts. In the southe.n districts, mung
bean may follow aman nce and. precede aus rice.
Temperatures during the late monsoon are sufficiently
high to support the growth of summer mung bean.

Kesearch Studies

Effect of Date of Sowing and Seeding Rate on
Chickpea and Lentil

Pulses like lentil and chickpea are grown in the dry
winter months under rainfed conditions. Ast..e climate
imposes a restriction on the duration of growth of lentil
and chickpea (approximately 110days). timely sowing
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is important in order to exploit the residual soil mois-
ture and to bring the crop to maturity. Experiments
conducted on combined time of sowing and seeding-
rate with lenti! cultivar Pabna local and chickpea cul-
tivars Nabin and Sabur 4 over the vears at various
locations in Bangladesk underhine the importance of
timely sowing. Irrespective of the seeding rates used
(20-40 kg ha "), the optimum date of sowing for lentil
at Ishurdi and Jessore, appeared to be between the third
week of October and  the third week of November
(Table 1). At Joydebpur, where late October sowing
was not possible due to excess soil moisture, the
optimum date was between the first and third veek of
November. For chickpea the optimum time of sowing
appeared to be between the third week of October and
middle of November (Table 2). Late sowimngs (Decem-
ber) sigmificantly reduced gram vields as high tem-
peratures durmg the pod setting and gram filling stages
reduced the grain-fithng penod and days to matunty
(BARI 1985). A survey carried out in farmers” fields
in Natore and Faridpur districts (results not presented
here), also corroborated the expenment station results.
Irrespective of seeding rates used by the farmers,
significantly higher chickpea vields were obtained
from the crop sown in November (compared to the
later-sown crop).

Yield Response of Lentil and Chickpea Under Dif-
ferent Managernent Practices

Experiments were conducted to determine whether
lentil and chickpea yields could be improved through
better management practices. The etfect of ditferent
levels of management on lentil was evaluated at

Table 1. Performance of lentil (Pabna local) at different
dates of sowing at three locations (mean of three different
seeding rates), 1985/86.

Yield (tha')

Date of sowing  Joydebpur Ishurd Jessore
23 Oct - 1.60a’ 1.70a
5 Nov 1.67a 1.70a 2.00a
25 Nov 1.20b 1.50a 1.70a
15 Dec 0.57¢ 0.40b 1.20b

1. Values within acolumn followed by the same letter do not wffer
significantly at the 0.05 level.




Table 2. Performance of chickpea (Nabin) at different
dates of sowing at three locations (mean of three seeding
retes), 1985/86.

Yield (tha')

Date of sowing Joydebpur Ishurdi Jessore
23 Oct - 3.20ab! 1.30ab
! Nov 280 3.30a 1.70a
16 Nov 2.50ab 2.50ab 1.50a
1 Dec 1.%0b 1.7% 1.70a
16 Dec 1.10¢ 1.40ca 0.70¢
I Jan (0.50d 0.70d 0.30d

1. Values within acolumn, followed by the same letter do not differ
significantly at the 008 level.

Jumalpur during 1984/85 (Table ). Conventional
tillage (as practised by the farmers) coupled with one
hand weeding at 3 weeks produced higher yield (1000
kg ha ') than that produced by minimum allage. Addi-
tional benetits from hand weeding are possible only
with conventional ulhing. With minimum titlage. hand
weeding and fertilizer use produced higher yields only
when combined.

In chickpea Nabin irrgation and fertilizer apphi-
cation failed to elicit any response in terms of vield at
Ishurdi and Jessore (Table 4. Noreover, fertilizer
application and drilling seed in the moist zone had no

Table 3. Effect of low and highmanagement levelsongrain
yield of lentil at Jamalpur, 198485,

Levels of management Yield (thahy

Minimum tillage (MT) 0.56bc*
MT + Hand weeding (HW) 0.47b¢

MT + Fentilizer (F)' 0.38bc

MT + HW + F 0.81abc
Conventional tillage (CT) (.86ab

CT + HW 1.03ab

CT+F 0.86ab

CT+HW+F 0.98ab

CT + Insect Control (IC) 0.80abc
CT+HW+F+IC 1.09a

I. Fentilizer (20-40-20 N, P,O, and K,0)
2. Va'ues followed by the same letter do not differ significantly at
the .05 level

Table 4. Effect of irrigation and fertilizer application in
chickpea (Nabin), Ishurdi and Jessore, 1985/86.

Yield (tha')
Treatment Ishurdi  Jessore
A.  Effectof Imgation
No Irrigation 113 1.96
lrrigation at 35 DAE 3.03 2.09
Irrigation at 45 DAE 345 1.71
NS! NS
B. ‘iffect of Fertilizer N-P,O-K O
0-0-0 3.09 1.84
0-40-20 338 1.93
20 -40 -20 34 1.96
NS NS

1. NS = Non sigmificant.

etfectonchichpeavields (Table 51, These results show
that presently available cultivars of chickpeaand leatil
do not respond (o better management practices.

Crop Management in Mung Bean

Experiments on the effect of plant population and
weed-control measures t Table 0y reveal the importance
of sufficient plant stand on the yield of mung bean
(Hamid et al. 198%). One hand weeding carried out
between 10 and 20 DAE (days after emergence) under
the highest populationdensity (SO0000 plantsha ' gave
the best individual crop vield.  An experiment con-
ducted to determine the response of mung bean to
different cultural practices revealed the importance of
fertifizer application (20-30-30N-P.O-K Oy and hand
weeding in minimum-tilted plots. The highest cost-
henetit ratio (CBR) and marginal ate of retum (MRR)
was also obtained from this treatment (Table 7). Re-
sults showed that farmers unable to invest in other
inputs may suitably opt for minimum tillage instead of
conventional tillage. Possibilities of growing mung
bean and black gram under minimum-tillage condi-
tions during the late monsoon have been discussed by
Aziz and Rahman (1990).
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Table 5. Effect of method of sowing and fertilizer placement on the yield of chickpea (Nabin), Joydebpur and Barind,
1987/88 and 1988/89.

Joydebpur Barind
Yield (t ha'') Yield (t ha')

Treatment 1987788 1988/89 1988/89
Broadcast sowing (BS) without fertilizer (F) 1.90 1.94 1.54
Drill sowing (DS) without fertilizer (F) 2.17 2.16 1.45
BS + FB! 1.83 233 1.62
DS +FB 2.06 1.83 1.36
BS + F placed 30 cm apant 1.86 2.36 1.51
DS + F drilled 1.61 1.75 1.67
BS + FB + TSP placed 30 cm span 1.85 2.17 1.60
DS + FB + TSP drilled in 1ows. 1.88 253 1.53
N§* NS NS

1. FB = Fertilizer broadcast.
2. NS = Non significant.

Mixed Cropping and Intereropping of Pulses
Table 6. Effect of time of weeding and plant density on the pping pping
yield of mung bean cultivar (Mubarik) under rainfed o ) .
conditions, Joydebpur, 1985. Since pulses have o compete with a number of Crops,

mixed cropping and intercropping are widely prevalent

Weeding Plant density  Grain yield (t ha ) in Bangladesh.  Experiments have established the
feasibility of growing chickpea. lentil, mung bean, and
No weeding s 0.30f° black grammixed cropped or intercropped with maize,
S, 0.35¢f wheat, cotton, or linseed. However, cxperiments at
5, 0.83bc many 1ocations have revealed the importance of es-
. tablishing proper seeding ratios for the component
Hand weeding S, 0.69bcde crops. The highestland equivalent ratios (LERs) were
at 10 DAE’ S, 0.85bc N . , -
s 1202 obtained from 100 : 50 wheat-legume (chickpea or
! lentil) and 50 : 100 wheat-legume combinations. In
Hand weeding s, 0.6Ncdef ml.lcr cxpcrim?ms.. two rows of mung bean between
at 20 DAE S, 0.96ab paired rows of maize or cotton proved to be the best
S; 0.74bcd combination. It was also possible to reduce the: dose of
nitrogen from 45 10 30 kg N under interciopping
Hand weeding S, 0.43def withoutaffecting yields. Inlentillinseed intercropping,
a 30 DAE S, 0.57cdef the highest LER was obtained when 4 rows of lentil
5, 0.69bcde were intercropped with 1 row of linseed.
Hand weeding S, 0.40def
at 40 DAE s, 0.44def
% 0.74bed Future Research Needs
1.S,:333 x 10’ plants ha'
S,:400 x 10° plants ha ! I. Timeof sowing is important for postrainy ssason
S,: 500 x 10" plants ha" pulses. Therefore, exisiing cropping patterns may
2. Values followed by the same letter do not differ significantly at the

have to be adjusted, or alternative cropping
patterns developed.
2. Improved plant establishment techniques need

0.05 level
3. Days after emergence.
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Table 7. Effect of tillage and cultural practices on the yield and return of snung bean, Joydebpur, rainy-season, 1984,

Total' Marginal

Grain varia- Gross Gross rate of

yield ble cost reiumn margin Cost-benefit retumn
Management levels (tha") ($ hah ($ha') ($ha') ratio ($"') (%)
Minimum tillage MT 0.68 8 163 125 4.29 -
MT+Hand weeding (HW) 0.93 92 22 131 242 15
MT + Fertilizer (F) 0.72 62 173 1 2. -
MT + F + HW 132 116 317 201 273 292
Conventional tillage 0.80 65 192 127 2.95 7
(CN
CT + HW 0.96 119 230 11 1.93 -
CT+F 0.84 89 202 13 2.27 -
CT+F+HW 1.40 143 336 193 235 -

CD (0.05) 0.50

L1US S =32.85 Tk in 1989,

to be developed for ditferant agroecological
zones,

3. Low-cost implements should be developed 1o
make the best use of residual soil moisture.

4. Rhizobial inoculation tech.niques <hould be in-
corporated In management practices. A total
management package for pulse-based cropping
patterns should be developed.

5. Improved management practiees are required
for mixed and intercropping situations. Basic
research should continue to obtain a better u-
derstanding of mixed and intercropping situa-
tions.

6. Potential areas should be identified for growing
pulses in nontraditional regions.

Discussion

D.G. Faris: Do you have agronomic package(s) of
practices for pulses ready for trial (testing) or use by
farmers?

A.F.M. Maniruzzaman: We are now only ready for
testing by the farmers in different pulse-growing re-
gions.

M.V. Reddy: Yields of chickpea could not be in-
creased by high seed rate, irrigation, and fenilizers.
These prac:  esof irrreasing crop biomass and canopy

also increase incidence of discases like botrytis gray
mold. Do you have any observations on disease
incidence? The advantages of agronomic practices are
often neyg ated by diseases. Hence, further studies are
needed.

AJF.M. Maniruzzaman: We did not observe disease
incidence (botrytis) 1o any great extent in our experi-
ments. Tagree, these should be more closely observed
in experiments with high management inputs.

R.N. Mallick: (Comment) You have presented thesis
results too. The quality of research is high, if it is for
thesis purpose. This type of research should be en-
couraged 1o address some of the potential problems
needing immediate altention,

A.F.M. Maniruzzaman: Yes, | agree.

A. Rahman: What is the optimum growing degree
days to exploit the tull yield potential of some of the
postrainy scason pulses viz., khesari, lentil?

AJF.M. Maniruzzaman: We have not yet tackled
these problems. However, these will be addressed later
on.

A.H. Talukder: You have mentioned that the opti-

mum time of sowing chickpea should be between Nov
15 - Nov 25 but chickpea generally is grown after
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harvesting t.aman. During the above period, Laman is
just being harvested and although wheat optimum
sowing is carmarked for Nov 15 - Nov 20, the area
achieved was still found to be only 5-10%. So with the
experience in wheat, how much area under pulses o
youthink we can achieve, if vou stick to optimum time
of sowing?

AF.M. Maniruzzaman: Ifacceptable vield fevelsare
tobeachieved in chickpea, thenitis very important that
it should be sown at the optimum time. Henee, the
previous aman rice crop should be of shorter duration,
so that it is harvested by the nuddle of November.

M.A. Karim: You reported the effect of dates of

sowing on the crop vield of some pulses. Tam iter-
ested inknowing (i the number of years you continued
vour experiments at cach sitesand () sow g on the
same dite in ditferent vears may give sigmficantly
ditferent ciop vields. What would yvou do to aivond
discrepancies i your experimental resulis?

AFM, Maniruzzaman:  The results desenbed were
evaluated tfrom experiments carried out for atjeast 3
vears. Wealsorelate our results with climatie data, We
have not noticed much vear-to-year vartability an cli-
matic clements,
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Possibilities of Growing Mung Bean and Black Gram under

Minimum-Tillage Conditions

M. Abdul Aziz and M. Matiur Rahman

Regional Agricultural Research Station, Ishurdi, Pabna, Bangladesh

Abstract

To determine the productivity of mung bean (Vigna radiata (L.) Wilczek) and black gram (Vigna mungo
(L.} Hepper)under minimum tillage, experiments were conducted at the Regional Agricultural Research
Station, Ishurdi on: (i) effect of different levels of ullage and weeding on mung bean after wheat, (ii) seed
rate and relay cropping of mung hean in broadcast aus rice under zero-tiflage conditions, (iii) perfor-
mance of mung beanand black gram inaus (rainfed) rice-fallow-postrainy season cropping pattern under
different methods of sowing .and tivi effect of different levels of titlage on the vield of mung bean and black
gram afier broadeast avs rice i the aus rice-fullow-postrainy season cropping panern. No sienificant
differences were found on yield for different levels of tillage as well as different methods of sowing

Therefore, mung bean and blacs. cram can be grown under minimum-tillage conditions v.ith the firstonset
of rainin the carly monsoon seavon (kharif 1y where the land is kept fullow up to Junetduly for upland
transplanted aman (rainy-season rice. Inthe late monsoon season (kharif 1) it could be grown in the aus
rice-fullow-postrainy season cropping pattern in the northwestern region of Bangladesh. using the fallow
periodwithout disturbing the existing postrainy season crops mustard. lentil (Lens culinaris Medic. ), and
wheat, provided the soil is light textured (sandy loam-silty loam) and the sowing is completed in August.

Introduction

The area under pulses and their production are declin-
ing due to crop competition in the postrainy (rabi)
season. These crops in general do not respond o high
management. Theretore, the optionis to cultivate these
between the two main cropping seasons, rainy and
postrainy. Minimum tilkage has the potential to reduce
the tumaround time between cropping seasons. This
may facilitate the sowing of the crop at the optimum
time. One of the major upland cropping patterns of the
northern districts is aus (ramted) rice (April-mid Au-
gust)-tallow (August-October)-postrainy season (No-
vember-March). This pattern is followed in well-
drained highlands with hght-textared soils. 11 this
fallow period of ¥0-90 days could be utilized tor
growing short-duration pulse crops fike mung bean
Vigna radiata (1) Wilczekh) or black gram (Vigna

mungo (Lo Hepper), a large area would become avail-
able for culuvation without disturbing the existing
cropping pattern. However. one should be cautious
because Augustis the peak ot the rainy scasonand there
is a ligh sk of crop failure. During this period, land
preparation is very ditficult by conventional tillage.
though some tarmers still practie 2 it in parts of Ragshahi,
Pabna. Kushtia, and Jessore. Since the fallow period is
very short the crop must be sown by mid August and it
the conventional method is followed, this may not be
possible m some vears due to heavy rains. Establish-
ment ol optimum plant population is also difficult.
Therefore. there is o need for alternative technologies.
Some of the options available are:

1. 1o grow pulses as relay crops inans rice, or
2. tosow under zero tillage on the same day after ates-
rice harvest,

Citation: BARI (Bangladesh Agnculiural Research Institute). 1991. Advances in Pulses Research in Bangladesh: proceedings of the Second
National Workshop on Pulses, 6-8 Jun 1989, Joydebpur, Bangladesh. Patancheru, A.P. 502 324, India: Intemational Crops Research Institute for

the Semi-Arid Tropics.
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Experiments were conducted during 1985/88 at
RARS, Ishurdi. The results are discussed below:

L. Seedrate and potential of mung bean as arelay crop
with aus rice: This trial was conducted to study the
feasibility of growing mung Fean as a relay crop with
aus rice and to determine the appropriate method and
seedrate. A factorial experiment was conducted during
1985 and 1987 with 3 replications with 3 seed rates (20,
40, and 60 kg ha'r and 3 sowing conditions, i.c.,
sowing as a relay crop 15 days before aus-rice harvest
(M,). sowing after harvest of aus rice leaving 20-cm
stubbles above the ground level (M), and sowing after
harvest of aus rice 1o the ground level (M),

The results indicate that there were no signiticant
ditferences inyield and its components with different
seed rates or methods of sowing in ¢ ther year (BARI
1987).

2. Effect of different levels of tillage on the vield of
mung bean and black gram after 8. aus rice: The ex-
periment was conducted to cvaluate the profitability/
acceptability of minimum tillsge compared to conven-
tional tillage. A randomized complete block design
with four replications was used to test no tillage (aus
rice harvested to the ground level), reduced tiltage 1 (1
ploughing + 1 laddering), reducedtitlage (2 ploughings
+2ladderings), and conventional tillage (3 ploughings

+2 ladderings) during the late monsoon season (kharif

1) of 1985 and 1987,

The results showed no significant differences in
yield and yield-contributing characters for different
levels of tillage in either year in both crops (BARI
1987). The maximum cost-benefit ratio was obtained
from notitlage in both crops during both years and the
lowest from conventional tillage. It was found that
increasing the number of ploughings added to the total
variable cost and decreased the net return as well as the
cost Zenefit ratio. No tillage gave medium returns but
poses the problem of free grazing of cattle, therefore
one ploughing is recommended under minimum-
tillage conditions to overcome the problem.

3. Growing mung bean and black gram in the aus rice-
mung bean/black gram-postrainy season cropping
pattern against the existing cropping patiern of aus-
fallow-postrainy season crop: One of the major crop-
ping patterns in the northern districts is aus rice-fallow-
postrainy season crop. Farmers usually keep the land
fallow for about 80 to 90 days after harvest of aus rice,
till the end of October. Mung bean and black gram may
be introduced as catch crops in this patiern during the
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late monsoon season 10 utilize the non-crop period.

Six cropping patterns (F1) were tested at Ishurdi
during 1987 and 1988 against the existing cropping
pattems (F) (BARI 1988, 1989). Aus rice was culti-
vated using farmers’ practice; after harvest of aus rice
to the ground level mung bean and black gram were
sown under minimum-tillage conditions and three
postrainy-season crops viz., wheat (Triticim aestivim
Lo, mustard (Brassica campestris L), and lentil (Lens
culinaris Medic.), were grown after mung bean and
black gram. Recommended management practices
were adepted for postrainy-season crops and the cost-
benefit analysis was done on the basis of the whole
pattern.

Cropping pattern 1: aus rice-mung bean-wheat

The results showed that the total yield under the
farmers’ pattern (Frwas 4098 kg ha'' in 1987 and 2802
kgha'in 1988 and that under the improved pattern (F1)
was 4727 kg hat and 4438 kg ha ' which was 15% and
17% higher than the farmers® paztern (Table 1) (BARI
1988, 1989). The annual net return increased by 62%
and 131% in FI over F. The cost-benefit ratio was
positive in F1 whereas it was negative in F,

Cropping pattern 2. aus rice-mung bean-mustard

The results (Table I} indicated that the total yieldin Fl
increased by 36% in 1927 and 33% in 1988 over F,
resulting in net returns higher by 101% and 139%
(BARI 1988, 1989). The cost-benefit ratio was 1.15
and 1.16 under F1 compared to 0.66 and 0.55 under F
in both the years.

Cropping pattern 3: aus rice-mung hean-lentil

The inclusion of lentil increased the total yield by 32%
and 30% (Tabie 1) over Fin 1987 and 1988, respec-
tively, resulting in 63% and 78 higher net returns
over the farmers’ pattern (BARI, 1988, 1989). The
cost-benefit ratio was 1.64 in 1987 and 1.91 in 1988
under FI against 1.19 in 1987 and 1.29 in 1988 under
F.

Cropping pattern 4. aus rice-black gram-wheat

The results indicated that the total yield was 4780 kg
ha''and 4525kgha'inF1 resulting in 19% higher yield
over F in both years (Table 1) (BARI 1988, 1989).



Table 1. Per cent yleld increase, net return, and cost-benefit ratio of the aus rice-mun

g bean/black gram-postrainy season

crops compared to the existing qus rice-fallow-postrainy season crops, 1987 and 1988.

Increaie/decrease

% yield % net return Cost-benefit yield of last crop

increase increase ratio (kg ha')
Cropping patterns
tested 1987 1938 1987 1988 1987 1988 1987 1988
Aus rice-mung bean-wheat 15 17 62 131 1.04 1.05 -354 -77
Aus rice-mung bean-mustard 36 34 101 139 1.15 1.16 +52 +50
Aus rice-mung bean-lentil 32 30 63 78 1.64 1.91 -6 -39
Aus rice-black gram-wheat 19 19 90 123 1.16 1.01 -312 -110
Aus rice-black gram-mustard 46 4 133 146 1.33 1.19 +115 +132
Aus rir=-black gram-lentil 37 9 74 53 1.79 1.90 -49 -166

Source: BARI (1948, 1989).

Compared to F the annual ne: retim increased by 90%
in 1987 and 123% in 1988. The cost-benefit ratio was
found to be positive in F1 wheacas it was negative in F,

Croppping pattern S: aus rice-black gram mustard

The total yield increased by 36% and 44% under Fl
during the 1987 and 1988 cropping years over the
farmers’ pattern (Table 1) (BARI 1988, 1989). The net
return was increased by 133% and 1465 over F. The
cost-benefit ratio was 1.33 in 1987 and 1.19 in 1988
under the improved cropping pattem, against (.65 and
0.55 in the farmers' pattern.

Cropping pattern 6: aus rice-hlack gram-fentii

In this pattern (Table 1) the total yield in F1 as com-
pared to Fincilased by 37% in 1987 and 29% in 198K
(BARI 1988, 1989). The net return under F1 was 74%
and 53% higher than the faniners’ patt.m. The cost-
benefitratiowas 1.79 in 1987 and 1.90in 1988 under
Fl compared to 1.2] and 1.49 under F.

The gains in total vicld and net return of the six
patterns over the existing farmers’ pattern have shown
that mung bean and black gram can easily be fitted into
i, common practice of aus rice-fai;ow-postrainy
season cropping pattein for increased total yield, net
returns, and an improved cost-benefit ratio. Among the
farmers’ cropping patterns aus rice-fallow-lentil was
! undtobe better (positive cost-benefit ratio) compared

to the aus rice-fallow-wheat/mustard pattens (nega-
live cost-benefit ratio). This resulted in higher increase
pereentnetretum in the ans rice-mung bean/black gram-
wheat/mustard pattem compared 1o ais rice-mung bean/
black gram-lentii patiem. However, the latter is still
considered the best pattern as it is supported by the
highest cost-benefit ratio. It is interesting to note that
the yield of mung bean and black gram was reduced 1o
some extent when they were grown as sequential crops
as compared to control plots in both the years. Lentil
recorded a small yield reduction when grown after
mung bean when compared to black gram. This may
have been due to depletion of nitrogen from top soils
(Lawn and Ahn 1985). But surprisingly the yield of
mustard increased when it followed both the pulse
cropsandin factimprovementin yield was greater after
black gram. The reasons for this difference are un-
known,

The conclusions drawn from these experiments are
thatingeneral mung bean and black gram can be grown
in the fallow period of the aus rice-fallow-postrainy-
season cropping pattern, and among the postrainy-
season crops preference should be given to lentil fol-
lowed by mustard and wheat.

4. The effect of mung bean/black gram residues on
certain postrainy-season crops: It was observed that
mung bean and black gram had a depressing effect on
the following wheat and lentil crops. An experiment
was conducted to study- (i) the effect of ploughing of
mung bean plants after harvesting the pods under dry
conditions before sowing postrainy-season crops; and
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(i)) which of the postrainy-season crops performed
better under the above conditions. A split-plot design
withthree replications was followed for this expeniment.
The main plots were: (i} control (failow after aus rice),
(i1) harvesting of mung bean plants to ground level, and
(i) ploughing down of mung bean plants after harvest
of pods. The sub-plots were sown with postrainy-

season crops  viz., lentit cultivar LS, mustard ¢v

cultivar Tori 7, and wheat culuvar Kanchan. The crops
were sown |2 days after the mung bean was ploughed
down. Plotsize was Smx 4m, and recommended doses
of fertilizers were added diring tinal land preparation.
Data on vield and yield components were recorded.
It appears trom Table 2 that ploughing down the
mung bean increased the gramm yield and seed size ofall
the postrainy-season crops probably due to the added

Table 2. Effect of mung bean residues on the following postrainy season crops in the aus rice-mung beau-postiainy season

cropping pattern, Ishurdi, Bangladesh,1986/87.

i entil
Plant Plant
population population No.of pods No.of HOOK) seed Yield
Treatment (m~) (cm) plant’ seeds pod ! mass (g} (tha')
Fallow (control) T0a’ 41 72b 1.9 12.2 0.76b
Harvesting of
mung plants 55b 43 (218 1.¥ 1.5 0.75b
Plough down of
mung plants 54b 47 88a 1.9 12.8 091a
F -test . NS! * NS NS .
Mustard
Plant Plant No. ot No. of
population height sthqua seeds 1O seed Yield
Treatment m* fem) plant’ siliqua’ mass (g) (tha')
Fallow (control) 124 72 75b i4b 1.2 1.01b
Harvesting of
mung plants AE) 74 T8b 16b 1.} 0.89b
Plough down of
mung plants 127 72 LE S 19a 1.3 1.26a
F-test NS NS . * - NS
Wheat
No.of Plant Length of No.of
spikes keight spike grans 1000 seed Yield
Treatment tm?) (tm) (em) spike’ mass () {tha'y
Fallow (control) 160 79 8.1b 30 47.3b 1.36ab
Harvesting of
mung plants 146 7 8.0b 29 46.3b 1.22b
Plough down of
mung plants 155 80 8.8a 33 50.3a 1.49a
’ LR J - e

F- test NS NS

Values followed by same letters within & column are not significantly different at the 0.05 level.

1.
2. *Sigmficant at 0.05; ** at 0.0 levels.
3. NS = Nonsignificant

Source: BARI (1987).
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green manure. Lower yields were obtained in all the
postrainy-season crops where mung bean plants were
harvested. This might be due to loss of soil fertility and
moisture as was alsoreported by Lawn and Ahn (1985).
However, in this case mustard and lentil produced
yields similar to those obtained in the fallow treatment.

Conclusions
The general conclusions are:

1. Mung bean and black gram can be grown as catch
crops after harvest of aus rice in the aus rice-fallow-
postrainy season cropping pattern provided the land
is well drained and light textured (sandy loam-silty
loam).

. Ausrice should be harvested to the ground level and
mung bean (40 kg seed ha 'y and black gram (50 kg
seed ha ') should be used for planting under mini-
mum-tillage conditions.

3. Toavoid the social problem of free grazing of cattle
one ploughing is recommended in the case of
minimum tillage.

4. Tomaximize the netretumn, anes rice-mung bean/black
gram-lentil followed by aus rice-mung bean/black
gram-mustard cropping patterns may be recom-
mended.

5. Itis possible to grow almost all the postrainy-season
crops following mung bean in the aus-mung bean-
postrainy season cropping pattern. However wheat
or lentil appear to be more profitable.

6. Mung bean and black gram may have a slightly
depressing effect on the subsequent postrainy-sea-
son crops which could be overcome by ploughing
down the residues of mung bean as green manure
under dry conditions, provided sov. ing of the fol-
lowing postrainy crop is not delayed.

7. If these patterns are extended in the northern parts of
the country a large area which otherwise remains
fallow may become available for pulses cultivation.
This extended area will not disturb the existing
cropping patterns. and can lead 1 increased total
pulses production.

The future research thrust should be directed to-
ward the following areas:

I. Optimization of cultural practices such as plant
density, planting geometry, weed control, etc.
for mung bean and black gram in the aus rice-
mung bean/black gram-postrainy season crop-
ping pattern.

Monitoring of soil-moisture depletion and wa-

[£5]

(oS

ter-use efficiency from the whole pattern (aus
rice-mung bean/black gram-postrainy season
crops).

3. Study of the reasons for reduction in yield of
subsequent postrainy-season crops after har-
vestof the whole mung bean or black gram plant
and suggestions for appropriate measures to
maintain the soil fertility and yield of the
postrainy-season crops.

4. Quantificationof added green manure from the
residues of mung bean and study of soil fertility
status after ploughing down to determine the
fertilizer dose for the following crops.

5. Development of management practices for in-
sect-pest control.

6.  Feasibility of replacing the local aus rice by
HYVs and its effect on the whole pattern to
increase the annual net return.

Discussion

D.G. Faris: Forclarification, if a farmer has anegative
cost-benefit ratio using his own cropping pattern, does
that mean that he is losing money? If so, how does he
continue?

A. Aziz: Yus, because he does not account for his own
resources like labor, draft power, etc. He isminimizing
the cost-benefit ratio by growing other crops. More-
over he does not have any other alternative.
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Problems and Prospects of Pulses Production
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Abstract

There has been a continuous decline in production of pulses in Bangladesh during the last decade. The
daily capita’ availability of pulses has declined from about 7 g in 1976177 to about 5 £in 1985186, Wheat
and boro (winter ) rice have replaced to a considerable extent the area under pulses. Major problems with
pulses include, low vield potential, unstable production levels due to biotic and abiotic stresses, lower
responses to environmental manipulation und high inputs, lack of research input, defective storage
systems, and absence of proper marketing facilities. However, their high nutritive value, higher cost-
henefitratio, beneficial effects on soil structure und health, and adaptation to limiting environmental and
soil conditions will sustain their place inthe existing cropping patterns of this country. Efforts to increase
researchinputs in terms of high-vielding stable cultivars, improved management praciices, modern sced-
production tecknology, suitable storage structures, and proper marketing facilities will go a long way in
improving and increasing pulses produc.ion in the country.,

Introduction

In Bangladesh, pulses are traditionally grown during
the dry winter months under rainted conditions. Some
like black gram (Vigna mungo (L) Hepper), muny bean
(Vigna radiara (L) Wilczeh ), and pigeonpeatCajanies
cajan (L) Millsp.) are grown during summer. How -
e, the area under cultivation is small. Most of the
pulse cropsare concentrated inthe districts of Faridpur,
Pabna, Jessore, Rapshahi, Kushtia, Dhaha, Barisal, and
Noakhali. They occrpy anarea of about 0.3 million ha
tess than 34 of the total culuvated aree and produce
about 0.2 million tof grain (fess than 2% of wtal grain
production) in the countrs (BBS 1987).

Khesari (Lathyrus sativis Lo wops the listin respect
ofarea and production. The predominance of this crop
is due to ity wider agrochmatic adaptability, and 1ts
capability to withstand droughts and waterlogging. It
can grow well under temperatures ranging between 10
and 30'C. Khesari is usually raised under minimum or
zero tillage and management. Lentil (Lens culinarts
Medic.) is the second most important pulse crop but is
more popular among the consumers. [t is the most

preferred pulse and is one of the main items in the dinly
diet of a vast nijority of the people. The present
cultivars cannot tolerate extreme cold or hot climates
This crop has some level of drought tolerance but it is
highly susceptible 1o waterlogging. Chickpea (Creer
arictinn L.yis the third important pulse crop. Itisone
ofthe bestlegumes for human and arimal consumption,
Itis commonly used as “dhal™ and in the preparation of
avariety of snacks and sweets. 1tis drought tolerant but
highlysensitive toexcess moisture, High humidity and
cloudy weather aftect s flowening and pod setting and
10 very susceptible to fobar discases. Theretore, s
difficult to raise this crop i poorls -driuned low lands.
Black gram is the fourth pulse crop. Asatropical crop,
it tolerates high temperatures, and can be cutuvated
both inthe rainy season and in late monsoon (kharit 1)
seison. s growth s atfected by wemy =atures below
1°C.1eas ashort-day plant, but das -neatral cultivars
are avaitable for summer cultnvation. 10is a droughi-
resistant crop and can tolerate waterlogging for shon
periods. However, waterlogging for long periods is
detrimental. Although the area and producnion of
munyg bean is small as compared o the other major

Citation: BARI (Bangladesh Agnculiural Research Institute). 1991, Advances 1n Puls

e Research in Bangladesh. proceedings of the Second

National Workshop on Pulse. 6-8 Jun 1989, Joydebpur, Bangladesh. Patancheru, A P, 502 324, India. International Crops Rescarch Institute for

the Semi-And Tropics.
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pulsesitis considered as a quality pulse in this country.
Beingatropical and asubtropical crop it requires warm
temperature regimes for its growth and can tolerate
high temperatures. It can be grown both in the rainy
scason and in the late monsoon season.  But, it is
normally sensitive 1o low temperatures and cannot
withstand waterlogging. Fieldpea(Pisum sativim subsp
arvense)and pigeonpeaare notimportant because their
use is limited to & small section of the population,

Constraints to Production
Low Research Input

Due to fack of sufTicient manpower. there has been no
syatematic research directed toward the improvemem
of various pulse crops.
achieyements could be made for the development of
mproved cultivars and proper management practices

As aresult, no significant

toachieve higher yields. Thus the mean national yields
of pulses are very poor. Research on modern seed
production and postharvest technology has also not
received serious attention,

Competition With Other Crops

Release and cultivation of 4 wide array of  high-
yielding cereal cultivars has pushed pulse crops 1o
marginal and submarginal lands of low productivity
leading to poor yvields. As a result, there has been a
continuous decrease in area and production of pulses
during the last decade (Fig. 1. Wheat and horo
(winter) rice have replaced 1 considerable amount of
the wrea under pulses. particalarly where irrigation
facilities are available. Henee the area and production
af wheat and boro twinter) rice have mereased during
the Tast decade (Fig. 21 Besides, cotton, wbacco,
mustard, potato, ete. have also taken over some arca of

productivity
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Figure 1. Area ('000 ha), production (‘000 t), and productivity (kg ha-1) of puises in Bangladesh
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Figure 2. Area of boro (winter) rice, wheat, and pulses in Bangladesh 1976/77 - 1985/86.

pulses due tc thair high yield potential and better
economic returmns.

Low Response to High Inputs

Because of the inherent low yield potential of the local
cultivars, pulses are not usually responsive to high
inputs compared to other crops. These crops are
therefore grown under low levels of management in
areas where there is little or no scope for the cultivation
of other profitable crops.

Lack of Proper Management

1. Pulse crops in Bangladesh are grown with minimum
care and under low levels of management. Sceds are
sown without proper land preparation, optimum time
of sowing is usually not maintained, and weeding,
application of fertilizers, irrigation, etc. are not prac-
liced. Moreover, these crops are susceptible to various
insect pests and diseases which cause enormous dam-

age. but no plant-protection measures are taken. All
these factors are responsible for poor yields.

2. Mostpulse crops are grown during the dry postrairy
scason under rainfed  conditions on residual soil
moisture with minimnum tillage. Due to uncertain and
low rainfall during the growing period adequate soil
moisture cannot be assured. This hampers proper ger-
minationand emergence (Manalo 1978). Consequently
optimum plant stands are not established, and as a
result higher yields cannot be achieved.

1. Propertime of sowing is a key factor for maximum
yield realization in all pulses. In the existing cropping
pattern, chickpea and lentil are sown after the harvest
of transplanted aman (rainy-season rice), broadcast
aman or a deep-water uman rice. These crops are also
raised under the pattern of aus (rainfed)rice/juic-fal-
low-chickpea/lvtil in some parts of the country. In
order to achieve iigher yields, chickpea must be sown
between the firstand last week of November, while the
optimum time of sowing for lentil is mid-October to
first week of November. When these crops are sown
after the harvest of uman rice, sometimes sowing is
delayed and the late-sown crops are subjected to a high
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temperature regime during the pod setting and grain
filling stages, thereby shortening the grain-filling pe-
riod and the maturity of the crops, and affecting their
vield adversely (BARI 1985).

4. Grain-legume crops are capable of fixing atmospheric
nitrogen in assoctation with the bacteria in their root
nodules. Propernodulationis very usetul for improving
crop growth and increasing yields. In many countries
etfective strains of thizobia are being used for different
grain-legume crops to ensure profuse nodulation and
increased yields (Burton 1974, Coasiderable increase
myieldiselso obtained in ditferent pulse crops in India
by the use fmicrobial inoculants popularly know= as
biofertihizers (Subba Rao and Tilak 1977). Be until
recently  this technology was not made avinlable to the
tarmers of Banglzade b,

Unstable Production Levels

Pubsesareatfected more thanothercrops by the vagaiies
of climate. Photoperiod, wir teinperature., humidny.,
sod-moisture status. and therr interactions, are the ni-
Jorenvironmental conditons thet regulate the various
physiofogical factors Tike germmanon, growth and
development. leat areanade, leat area duration, rate of
photosy: thesis. crop growth rate, net assimilation rate.,
“sourcessink” relationship, harvesi index. ete. and re-
alizanon of yield potential. Due to climatic hazards
and kiotic factors the produchion levels of pulses var
substantially from year 1o vear,

Problems of Rainy-season Pulses

Cultivation of pulse crops like black gram and mung
been during carly monsoon (April-July) and late
monsoon (Aug st-November) in some areas showed
soiie promise. Lack of high-yielding, short-duration,
daylength-insensitive cultivars having synchronoas
maturity, see Tdormancy . and resistance 1o insect posts
ond diseaser along with adverse climatic conditions
have hinder.d the extension of area and production of
these crops in the rainy season,

For summer cultivation of black gram and mung
bean, seeds must be sown within the second week of
April foreconomic yieldrealization. Duceto inadequate
soil moisture coupled with the probability of minimum
rainfall during that period. it becomes difficult 1o sow
the seeds in time (Manalo 1978). Delayed sowing
causes the crops to mature by the end of June. The
heavy rainfail anc high humidity at this time makes
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harvesting, threshing, and drying difficull.  Some-
times, the seeds may germinate within the pods due to
lack of dormancy, reducing yields drastically. On the
other hand, for crops sown in August, land preparation
and  proper tillage become difficult due to heavy
rainfall, and crops may be damaged seriously due to
waterlogging, severe infestation by weeds, and insect
pests, leading to poor yield.

Lack of Sieed Production Technology

I There is nomodern seed production, processing and
preservation technology for pulses i Bangladesh.
Therefore farmers use their ow nseeds, which are often
of low quality. preserved under traditional defective
storage stractures, less viable, and contaminated with
various scedborne discases. Use of tow -yquadity seeds
results in poor plant stand. damage tocrops at the it
stages of growth, and poor vields.

2. The existing locat culiivars of different pulses are
not very responsive 1o high inputs but a few high-
vielding culuvars, like Nabin of chickpea showed very
high sield potential tmore than 2 ¢ ha 'y with the ad-
aptation of better management practices in farmers’
fields. In the absence of & modern seed-production
technology and distribution system, quality seeds of
high-yielding cultivars cannot be made available o
farmers and the benefits are not utilized to increase
production.

Lack of Adequate Postharvest Techn, gy

There is no scientific and suitable <torage structure for
nulses in Bangladesh.  Seeds are usually stored in
gunny bags, carthen pots, tin containers, bamboo bas-
kets,cemented store houses, or in godowns., Storage in
zunny bags is risky, although 1t is widely used in this
country. Insect-pests, particularly bruchids (Calloso-
bruches spy cause serious damage to pulse grains. A
considerable quantity of the total produce is lost every
vear due to defective storage. Insect-pest infestation
causes poor grainquahity. lossin seed viability, reduction
i nutritive value, sad in extreme cases the grains may
become unfit for human consumption.

Lack of a Marketing System

Production of pulses is concentrated in a few districts,
and as aresultthere is a slump soon after harvest in the



markets in these areas. Dueto lack of a propermarketing
system and price policy for pulses, the margin between
the price paid by the consumers and that received by the
farmers is very high. Although prices of all pulses have
increased at the consumers’ level, their low price at the
growers’ level and poor yield potential have made their
cultivation nonrenumerative (Elias et al. 1986).

Prospects for Improvement
Varietal Improvement

1. Development ot high-vielding cultivars of different
pulses. resistant to biotic and abiotic factors, suitable
for difterent agroclimatic conditions and responsive to
high mput and managemert will go a long way n
bringing about a major breakthrough in the pulses
production of the country. Multidisciplinary rescarch
is being carried out at the Bangladesh Agricultural
Research Institute (BAR 1 sinee 1979 10 improve pulses
production in the country. Two high-vielding cultivars
of mung bean, Mubarik and Kanti, and one of chickpea,
Nabin, have already been released for commercial
cultivation. One high-yielding cultivar of black gram
is awaiting release. A number of lines of ditferent
pulses,having high yield potential nave been identified
and are expected to be celeased in the near tuture.

2. Development of chickpea and lentil cultivars with
late-sowing potential ana higher yields, and cultivars
of black gram and mung bean suitable for the rainy
season, will bring about a significant increase in area
and production of these pulses. Efforts are being made
to achieve these goals.

Improvement ¢f Management Praetices

. Proper manage: .cnt is important for maximum
yield realization of any crop. Improved management
practices have beendeveloped v achieve higher yizlds
for some of the pulse varieties already released. De-
velopment, dissenmination, and adoption of improved
management practices like proper time of sowing, seed
rate. maintenance of optimum plant stand. seeding,
application of manure and fertilizers including micro-
nutrients, and ir1gation and plant-protection measures
for the cultivation of different pulses, can lead to a
significantincrease in the total pulses production of the
country.

2. Use of biofertilizer may help to substantially
increase the pulses production in Bangladesh. Col-

lection, isolation, and identification of effective strains
of rhizobia for different species of pulse crops are
essential prerequisites for the preparation of rhizobial
inoculum with suitable carrier material.. Generation
and ad-ption of this technology will play a vital role
lowards increasing the production levels of pulses.

3. The yield potential of all grain crops is largely
determined by their efficient utilization of available
solar radiation for dry-niatter preduction and favorable
partitioning of dry matier to the seeds. Studies on the
physiological basis of yield variation under different
management conditions (in relation to growth habit,
stature. height, branching behavior, nodulation pattern,
leaf orientation, crop-growth rate, net assimilation
rate, leal-area indice., leaf-area duration, canopy ar-
chitecture, light intereption by the crop canopy. and
source-sink relationshipt are being carried out for the
development of impreved management practices
through agronomic mampulation,

These investigations may also help breeders de-
termine suitable ideotypes having higher photosynthetic
efficiency sud capable of supplying more assimilates
during ihe pod setting and grain development stages. an
important factor in achieving high yields.

4. The cost-benefit ratio of pulses is  high (1.97)
comparedto wheat (144 and boro(winter rice (1.39),
although the vield potentiad of pulse crops is very low
(Fig. 3). Therefore pulses are generally cultivated by
poor farmers who cannot afford the high investment
required for the cultivation of other crops (Kariny and
Elius 1986). Availability and adoption of modemn
technology willinerease the productivity of pulses. As
aresult. farmers will be motivated to cultivate pulses in
awiderarea, whichwouldconsiderably increase pulses
production.

5. Pulses are important components under different
cropping patterns in some regions of the country (Table
). Improved management practices with high-yielding
varieties willincreas the productivity of all component
crops with highermonetary returns (Islam 1989), Thus,
there is an ample scope to increase the area and pro-
duction of pulses. using modern technology.

6. Mixed cropping and intercropping of pulses with
other crops such as mustard, linseed. sesame, wheat,
harley. cotton, maize, and sugarcane are being practiced
in different regions of the country with success.
However, expenmental evidence shows that use of
optimuin seed ratios of the component crops for mixed
cropping and maintenance of proper sowing geomelry
of the companion crops in the case of intercropping
would be very eftective for higher economic returns.
7. The necessary arrangements must be made 1o
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produce and supply quality seeds and other inputs like
fertilizers, insecticides, etc., to farmers at the proper
time, as this will help to increase the productivity of
pulses through improved management practices.
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Pulses Wheat Bororice
Figure 3. Cost-benetit ratio and mean yields of
pulses, wheat and boro rice in Bangladesh
1985/86.

Expansion of the Area under Rainy-season Pulses

Vast areas of medium and high lands in the northern
parts of the country are left fallow after the harvest of
auy rice or jute during the end of October until the
sowing of winter crops like wheat, chicl pea, lentil, etc.
between the end of October and the first week of
November. This gap can be utilized to ratse mung bean
orblack gram. Besides, there is some possibility for the
cultivation of mung bean dunng summer (March/
April). replacing the low-vielding wus nice. Appropri-
ate management practices with the availability of high
yielding, short-duration, daylength-insensitive, and
synchronous cultivars of mung bean and black gram
having seed dormaney and resistance to biotic and
abiotic stresses will be very effective iminereasing the
arca and production of pulses.

Improvement of Postharvest Technology

Development of postharvest technologies for me-
chanical threshing, drving, winnowmg. and suitable
storage structures will significantly reduce losses of
pulse grans due to defective storage systems, With
such technology, pulse grains can be stored at safe
maoisture fevels (B-10%) after the removal of inert

Table 1. Productivity and total monetary returns of different cropping patterns under rainfed conditions.

Crop yield (tha ')

Monetary retums

Cropping patterns I 1l 111 Total {Tk ha')

(F)'  B.aus-black gram 0.99 0.70 1.03 2mn 18 896
wheat

(F)  B. aus-black gram 1.03 0.63 0.54 2.20 19 602
chickpea+linseed (0.31+0.23)

(F) B. aus-black gram 1.01 0.65 0.61 2.27 21744
lentil+mustard (0.22+0.39)

(F)  B.aus-mung bean 1.03 0.62 0.68 2.33 25062
mustard

(I  B.aus-mung bean 1.82 0.80 0.95 3.57 36078
mustard

1. (F) = Farmers pattem (Local cultivars without improved management).

2.

Source: Islam (1989).

(I = Improved pattern (High-yielding cultivars with improved management).
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materials, seed appendages. and applicationof cherical
protectants.  Research work in this area has been
carried out. Containers like fabricated kerosene tin,
curthen pitcher with polythene lining or coating with
caal tar have been found to be advantageous compared
to traditional storage structures (BARL 1Y85).

Development of the Marketing System

Presently the Government has no definite price policy
ormarketing system for pulses. The market price drops
sharply during harvestand the poor famiers are depnved
ol a proper price tor their produce. A rational price
policy and an eftective marketing system wath the
necessary antrastructare must be developed to ensure
remunerative prices to the farmers. This will toagreat
eatent encourage farmers to cultivate pulses.

It may theretore be concluded that despite several
constrants, there is i wide scope toexplore and explont
the production potential of pulses leading toa substan-
tal improvement in the production of these important
CIops.

Discussion

AKMB, Rahman: Marketing research conducted
by the Department of Agricultural Marketing idicates
that marketing margins/cost is not very gh. The
farmer’s share n the consumer Taka is about 80 ¢,

A. Ao Miah: A survey report published by the Agri-
cultura) Econonues Division of Bangladesh Agricul-
tural Rescarch Institute (BAR D indicated that, at present
the Government does not have any price policy and
marketing sy stem for pulses. Asaresuiic there isa wide
gap between the price paid by the consumers and that
received by the prowers,

S.K. Roy: Do vou think that leat area mdex (LAD 1s
the himinng tactor s gram legume vield i all cases?
Because light penetrition down anto the canopy is
negatively correlated with LAL Tthink plantarchitecture
and feat onentation are matters to be considered.

A.A. Miah: | don'tihink so. and Thave notmentioned
itinour paper. The yield potential of legumes is largely
determined by the efficient utilization of available
solar radiation for dry-matter production and favorable
partitioning of dry matter to the seeds. Besides, other

factors like canopy architecture and light interception
by the crop canopy, are of course important.

G.A. Fakii: Fromyour paperitappears that seedborne
pathogens affect the seed health quality of pulses. Do
youadvocate routine seed-health tests inthe country to
ensure production and distribution of high quality

seeds?

A.A. Miah: Yes. 1 suggest development of modern
seed production technology including proper seed-
health tests. This is very important for the production
and supply of quality seeds to the farmers.

MLA. Sattar: Biotertilizers are now heing produced in
the country by the Bangladesh Institute ol Nuclear
Agnculture (BINA), Bangladesh Agricultural Univer-
sinv (BAUY. and BARL but notona large scale. These
tertilizers were found very usetul inincreasing yield
and nitrogen fixatior: of lennl. chickpea. khesari, and
mung bean at ditferent places of the country. This
technology needs to be popularized.

ALAL Miah: Inmy paper Lhave already suggested the
use of biofertlizer to increase the vield potential of
pulses. This technology should be made available to
tarmers, and they should be motivated to adopt it

MLS. Istam: Pulse crops meet their nitrogen reguire-
ment through biological nitrogen fixation. In your
paper, you have emphasized only biofertilizer. What
do you think about the other deficient nutrients? s it
not necessary 1o provide an adequate supply so as to
increase yield of pulses?

ALAL Miah: Judicious application of ditterent fertiliz-
ers depending on soil-nutrient status is very important
to increase the productivity of any crop and this is true
for pulses as well. T have emphasized  biofertilizer,
because itis a potential arca and very hittle work has
been done on this aspect.

MLA, Bakr: You have mentioned that the production
ofblack gramcan be increased by growing itinausrice-
black gram-wheat cropping pattern. Would ycu please
let us know what percentage of cultivated area at
present is under this pattern?

A.A. Miah: [ do not have the exacy percentage of total
cultivated area available for black gram cultivation
under this pattern. However, avast area of medium and
high lands, particularly in the northern parts of the
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country, are left fallow after the harvest of aus rice or

Jute during August 10 October undil ihe sowing of

winter crops like wheat. chickpes. and lentil. This gap
can be utilized for the cultivation of black gram or
mung bean.

M.S. Chowdhary:
crops o high mputs indicate low -vield potental? 11 <o,
is the high-vield potential of Nabin chickpea cultivar
due 10 its response to high inpuis?

1. Does ow response of pulse

20 b ower o pod drop due to low nitrogen fivition
durmg pod development or due tosource imitation™ 1t
there s an mercise 1 thizobil actvaty duning pod
desclopment, there may be more pod drop because
moreassimilates will be doerted o nadules fog nirogen
fixation by the nucrobes, Please comment.

AACMah: 1 Yes, low response ol pulses o hugh
mputs s manly due toanherent low -y iekd potential of
ocal culuvars, Nabm i~ g high-vielding unproved
cultivar and responds 1o ligh inputs

2. Flower drop i pulses oveurs due to source limita-
hon. particularly not due o low nitrogen fixation by
their root nodules. Yes, Tagree with vou dncrease m
rhizobial actis ity during pad setting and deselopment
may lead tohigher pod drop. Suitabl ideots peshaving
prolongedieatarcaduration can imerease photossnthetie
ctheieney duning pod seting and prevent Nower and
pod drop.

MALQ. Shaikh: What are the reasons tor the httle o
tocultivationofmung beanorblack gramatter v rive
or Jute until sow g of the winter crop. though there 1s
a gap which yvou have mentioned m your paper”

AAL Miah: Lack of ligh-vielding., <hort-duration.
daylength-insensitive vancties with synchronous ma-
turity, seed dormancy, and resistance o biotic and
abiotie stresses, are the himiting factors forthe cultivation
of mung bean and black gram duning late monsoon
season.
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Figure 1. Time course of dry-matter accumu-
lation in leaves, stems, rools, and pods of
mung bean (Biswas 1988).

tollows that higher inittal CGR having greater portion
of photosynthates partitioned towards grain during the
post-Hlowering period would be a desirable trat for
cificient genotypes.

Sced Size and Crop Growth

Nahaseho (1983 analby zed the difterences inthe early
vegetative growth of azuhn bean. hidney bean, and
sovbean inrekaiionto therr seed size. Allthe genoty pes
of the three species showed @ strong assocration be-
tween seed size and dry -matter accumulation, or leat
wea attained 10 days after emergence. Depth of
planting has ainarked effecton the stand establishment
of mung bean (Hamid ctal. 198K), as emergence rites
of seedlings of bolder seeds were better compared with
small-seeded ones (Sangakkera and Bicler 1988). It
seeras that potential exists (o improve the 2arly veg-

ctative growth i grain legumes by planting bolder
seeds.

Scasonal Eifects On Growth

Apart from genetic mahe up. environmental conditions
like temperature repulate leat growth and dryv-matter
accumulation to a great extent (Fig. 250 Although the
climate in Bangladesh favors growing mung bean
almost throughout the year, a great deal of seasonal
variations in leat area development. crop growth and
yield performance have been observed (Matsunaga et
al. 198V, Such a difference is mamly attnibuted to the
grow thiemperature. Ourobseryanonsonplants grown
i phytotron also suggest that the prowth and devel-
opment of mung bean s adversely attected when
growth temperature falls below 20 Cand completels
checked at or below 15°C,

Canopy Architecture and Crop Productivity

Crop productvity e general depends on the photo-
svathetic rate and canopy architecture of the crop. A
productive  system should operate most ethiciently
swhen the size and structure of the canopy s such tha
light mterception and CO - asamdation are masimal
while the sihs are active and capable ot accepiing
photosynthates supphied tro - eves, and when the
resprratory foss s mumnial. Productivity of such an
elficient structure depends o hiow much ot the light
talling on the crop s intercepted by the leaves, Distn-
bution of mtercepted hght across all the feaves of the
canopy s one of the mostimportant determmants of
canopy photosy nthesis. The mtereeption of hight and
iy distribution within the canopy s governed by the
oricntation of the leaves. The arrangement of fong
petioles wath wide Jeatlets i mung bean mahkes the
plant fess ethicien m hght mterception (Trung and
Yoshida 19%3 Oui arehmunary obsery ation of mung
bean canopy straciie e reveads that at closed canopy
more than 800 oi the Tight s imtercepted by less than
4070 of the torad lessesarranged vertieally tromthe top.
Around 20¢¢ of the teay ¢y arranged inthe bottom fayers
are atfected by mutual shading or recenve mostly dit-
fused hght. Thas maght be amproved by developing
genoty pos with better onentation of teaves withimn the
canopy. Working with tield beans Wien (1973) re-
ported thatorientation of bean leatlets depended onthe
pulvinule. a small round portion of the leatlet petiole
that acts both as the hinges on which the leatlet tums,
and also as the photoreceptor that undergoes positive
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Figure 2. Seasonal change in dry-matter weight and leaf area index (LAI) of mung bean
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curvature when illuminated by light from a unidirec-
tional source. Application of etherel during the carly
vegetative phase of soybean and azuki bean is reported
to have improved canopy structure and light intercep-
tion,

Photosynthetic Characteristics

Production of biomass and vield in crop plants largely
depends on the function of leaf-area development and
consequential photosynthetic activity. High photo-
synthetic rates generally are capable of producing high
levels of biomass (Planchon 1979). but a direst rela-
tionship between econonie yield and photosynthetic
rate is hardly ever achiev-d (Lambers 1987). Varia-
tions in photosynthetic rates among species (Hesketh
1983) und within species (Dornhoft and Shibles 1970)
have beenreported. Mung beanisaC plant. Srinivasan
et al. (1985) reported maximum values of net photo-
synthesis rate, 13.2 - 30.9 my dm*h' which is much
lower than € cereals like rice (Tanaka et al. 1966) and
wheat (Planchon 1979). The leaf-photosyr hetie rate
is low at the beginning and increases progressively,
reaching a peak at around the first flowering after
which it starts declining (Srinivasan etal. 1985; Mitra
and Ghildyal 1988). As the crop approaches maturity
the photosynthetic rate drops 1o about 2577
maximum.

Photosyntheti. carbon assimilation in a Crop commu-
nity isinfluenced by numerous biophysical tactors and
therefore studies or the fluctuations in gas exchange in
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Figure 3. Response of leaf photosynthesis of
mung bean to light intensity (Hamid et al.
1990).

98

response to environmental variations may contribute
substantizlly to the understanding of factors which
influenre the rate of dry-matter accumulation and yield
formation. Our studies with mung bean under a con-
trolled environment suggest that the light requirement
of muag bean fo. achieving high photosynthetic rates
is quite high wheir compared with other C, plants
(Leverenz 1987).  As shown in Figure 3 the net
photosynthesis (Pn) increases with increasing light
intensity. attainizg a plateau at 2round 1400 pmol m*
s bevond which any further increase in light intensity
dees not cause any improvement i P, indicating light
saturation of photosynthesis (Hamid et al. 1990).

A quadratic relationship of the termperature response of
mung bean photosynthesis is shown in Figure 4.
Maximum photosynthetic rate was obtained at a leaf
temperature of around 25'C with a general declining
trend on further increase of leat temperature. How-
ever, 4 separate study conducted under a controlled
environment revealed that the photosynthetic response
oI mung bean varies greatly depending on the tempera-
ture regime under which the plants are grown. Table |
shows that the maximum photosyathetic rate of mung
bean grown at 20"C was 22.6 pmol m*s'. which
dropped sharply to 113 gmol m *s ' for plants grown at
JV'C. The conspicuous varictal difference in Pn due to
variation in growth temperature is also apparent. It
appears that although mung bean is adaptable under
hot. humid ervironments, its vield performance cannot
be expected o be high in the hotier months when mean
temperatuny rises beyond 25°C unless temperature-
tolerant varieties are developed.
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Figure 4. Response to leaf photosynthesis of
mung bean to temperature (Hamid et al.
1990).



Table 1. Effect of growth temperature on the maximum
photosynthetic rate (P__ ) of two cultivars of mung bean.

Culivars
Temperalure
regime (°C) MB 7706 RSL Local
P .. (umo! m’sec ')
20 22,6 18.5
25 15.5 12.0
30 1.3 7

Nitrogen Nutrition

One of the probable reasons for low yield of grain
lezumes in general is high requirement of nitrogen for
the formation and development of prominent grains
stands (Alberda and Bower 1983). To produce one unit
of seeds, mung bean needs as much as three times move
nitrogen than that needed by cereals like rice (Tinelair
and de Wit 1975). Mung bean requires a ke re amoem
of nutrients in 2-3 periods (Trung and Yoshida i985).
The former peak in the vegelative period is for the
development of vegetatic. : structures and the latter
peak in the repr -uctive phase is mainly for the pro-
duction and development of seeds. Mung hea needs
much more N at the reproductive stage than i does in
the vegetative stage. In a recent study Mitra et al.
(1988) showed that a --ioderate-yielding mung bean
crop requires 27.86 mg N g ! photosynthate during the
firs120days of pod and seed development. Conversely,
autrient uptake ~I.0¢ Howering either slows down or
stops because of oot inactivation during the repro-
ductive phuse. During this period less than 0% of N
required for sustainiug erowth and development is
obiaisied from the soil sinnlv/ Liurg et al. 1988) while
most of the N demand for grain development is met
through the remobilization of N and assimilates frc:n
the leav 25 or other organs. T is transportation of N to
seed is an essential feature in the reproductive phase.
Such remobilization enhanees early senescence and
reduces grain growth duration: the phenomenon which
“inclair ani de Wit (1975) referred to as “self de-
struction” cf plants.

It is now clear that the source rather than the sink
limits higher yield in mung bean (Chowdhury et al.
1982; Rao and Ghildyal 1685). Much of th= source
limitaticas, particularly in the reproductive phase, can

be attributed to the M remobilization from photosyn-
thesizing organs, Development of pods and seeds
relies almost wholly on current photosynthesis during
the post-flowering period. Photosynthetic activity is
closely related to leaf-N concentration (Lugg and
Sinclair 1981). Biswas (1988) showed that during the
21 days following first flowering, leaf N was reduced
to almost 43% of its maximum concentration.
Remobilization of N from leaves to grains and devel-
oping tissues might be the reason for such a drastic
reduction in leaf N concentration. It is probable that
high rates of leaf activity are maintained by checking N
remobilization through supplying N during or imme-
diately prior to the peak requirement period. Several
reports (Hamid 1988; Mitra et al. 1988) indicate a
subsiantial increase in seed yield through foliar appli-
cation of urea at the reproductive stage.

Flowering and Abscission of Reproductive
Q(rgans

Mung bean produces a large number of flowers but the
greater portion of them abscise without forming pods.
Abscission of reproductive organs might be one of the
possible reasons for the lower yield. Several reports
(Kaul ¢v al. 1976; Savitri et al. 1978) indicated alarm-
ingly highrates of flower abscission inmung bean. The
extentoi flower abscission, however, varies depending
on the growing season (Matsunaga et al, 1989). In
summer the rate of pod set was less than 30%. It was
abowt 85% inavtumn and 41% in the rainy season. But
in absoiute value the highest number of pod set was
found in the plants growa in summer. In an earlier
report (Hamid 1989) it aas shown that retention of
flowers and pod set is somewhat source-limited. Tt
might be possible to increase seed yield if the flowar
abscission were controlled or reduced throug!* in-
Creasing source capacity.,

Yield Analysis

Graia yiel! per unit »ica is a function of yield of
individual plants and population density. Plant yield is
govermned by nuruber of pods plant!, number of seeds
nod”', and unit sezd weight. Both yield and yield
artributes are markedly influenced by population
density. At wider spacing the plant develops more
branches but the contribution of secondary and tert ry
branches towards grain yield is negligibie (Hamid,
unpublished). Variation in grain yield was mainly due
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Table 2. Plant density effects on plant characters and
grain yleld of mung bean cultivar MB 7706.

Seed weight (g plant”)

Plant density
(no. m?) Main stem  Primary branch Total
37 5.21 2.06 7.27
10 3.61 0.67 4.20
23 290 0.46 3.36
35 2.50 0.24 2.74
51 230 0.18 248
156 0.09 0.00 0.09

to an increase in the number of pods plant! which was
accentuated by the increasing pod-bearing branches at
lower density (Table 2). If the grain vield per unit area
is plotted against density, a parabolic curve is obtained
{(Fig. 5). It appears that optimum density for higher
yield should be somewhere between 50 and 60 plants
m~. WhenTable 2 and Figure 5 are viewed in conjuction
it will be apparent that ror maximizing yield the plant
should have few branches and most of the pods shoutd
be in the main stem,
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<igure5. Plant density ef‘ect on the grain yield
of mung bean (Hamid tv39).

Conclusion
Our understanding of the growth processes and

physiological mechanism of yield formation or the
reasons for low productivity in mung bean is still not
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adequate. The research results discussed in the
preceeding paragraphs are based mosily on some
fundamental studies conducted under controlled en-
vironmental conditions. However, it is assumed that
the information so generated will give some direction
of future research. In the pursuit of higher seed yield
some basic issues like slow vegetative growth and
relatively inefficient canopy structure demand greater
attention. Selection of mung bean genotypes based on
high leat-photosynthetic rates has not been successtul
so far. While leaf-photosynthetic rate at a particular
growth stage may shed light on the biophysical factors
regulating carbon assimilation, in a selection process
growth analysis still seems to be a better and convenient
tool from the practical standpeint. Growth hormones
might be involved inabscission of reproductive organs
or remotilization ot photosyntnates, but this has not
been stndied as yet. Studies aiming at improvement of
source capacity and increasing the duration of the
reproductive phase may be werth atiempting.

Acknowledgement: We thank Mr M. Tajul 'slam for
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Discussion

A. Surker: Is there any way to synchronize the pho-
tosynthesis and nitrogen fixation ume, in order to
achieve the development of more efficient plants?

A. Hamid: Our studies with existing mung bean
varieties show that the highest rate of Pn and nitroge-
nase activities are at the first flowering. Pn rate docs
not drop very rapidly but nitrogen fixation does not
keep pace with the Pn rates. Our breeding strategies
would be to develop varieties capable of reiaining high
nitrogenase activity at the end of the pod development
stage which is 20-30 days after Nowering.

M.S. Hoque: There is no doubt that the requirement of
N for pulse crops is higher thun many other crops. But
the important poi-tis that if we apply more urea N, then
the biological system of atmospheric nitrogen fixation
and utilization will be hampered. So we should be
careful in adding nitrogenous fertilizers for growing
legume crops.

A. Hamid: If the addition of N ferilizer can be syn-
chronized with the demand of the mung bean plant, the
photosynthetic activity as well as the dry-matter pro-
ductioncanbe improved. Inourstudies we noticed that



foliar application of urea at around flower initiation
increases leaf nitrogen content and total seed yield.
Foliar application of urea 7 days after first flowering
helps reduce flower and pod abscission to some extent.
On the other hand, N fixation by murig bean perhaps is
the lowest among the grain legumes. However, it the
required N during post-anthesis pertod is supplied
through biological nitrogen fixation that will help
reduce the nitrogen fertilization cost.

M.S.IL Chowdhury: What is the reason for the drop in
photosynthetic rate at saturation condition? Was itdue
to leaf wilting frem root damage caused by saturation?

A. Hamid: Leat conductance or the reciprocals of
resistances in plants subjected to soil saturation was
Plant water potential did not hmit
transportation. The drop in photosynthetic rate wis
therefore caused by the closure of stomata which
resulted in the drop in conductance.

close to zero,

S.K. Roy: It seems strange to me that the LATof mung
bean was 71.0inautumn. Can’tweincrease LAlsingly
by increasing the seed rate in autumn?

A. Hamid: Perhaps not. At low temperatures plant
growth is retarded and when temperature falls to 15°C
or lower, the growth stops totally. Autumn-grown
plants might have encountered low temperature before
or at flowering, which retarded leat area development
and flowering. Increasing the seed rate will definitely
help increase leaf area at the vegetative stage at flow-
ering or ofter that would follow enhanced senescence.
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Status of Microbiological Research on Pulses

M.S. Hoque and M.A. Sattar

Bangladesh Agricultural University and Bangladesh Institute of Nuclear Agriculture, Mymensingh, Bangladesh

Abstract

Collection, isolation, authentication, selection, and production of effective strains of rhizobia of mung
hean (Vigna radiata(L.) Wilczek), black gram (Vigna mungo (L.) Hepper), lentil (Lens culinaris Medic.),
khesari (Lathyrus sativus L.), and chickpea (Cicer arietinum L.) have been carried out atr the Bangladesh
Agricultural University (BAU) and the Bangladesh Institute of Nuclear Agriculture (BINA ), Mymensingh,
since 1977. In pot and field experiments yield increases of 25 to 70% were obtained with these pulses.
The most effective strains were BAU 604 and TAL 441 on mung bean; BAU 502 and 510 on black gram;
BAU 416,421, and 439 on khesari; BAU 503,L,, L., and TAL 638 on lentil; and BAU 16 and 24, and CP
2200, and Y 29 on chickpea. Among the four strains for chickpea, BAU 16 showed higher viability than
any of the other three in different inoculants prepared with peat, suwdust, and soil materials as the
carriers. Field trials with khesari and black gram indicated that 20-40 g of inoculant with 109 viable
rhizobia g were sufficient to produce the desired dry matter and yield. Strains BAU 439 and BAU 444
maintained relatively higher viability up to 11 weeks of storage ar room temperature. Combined
inoculation with Rhizobium sp, phosphate dissolving microorganisms, and Vesicular-Arbuscular My-
corrhizae (VAM) at different levels of urea, triple super phosphate (TSP), and pesticides at seven locations
produced better crop growth, nodulation, dry matter, seed and hay vields, and increased fixation of
atmospheric nitrogen. In future we plan to study the effects of specific strains of rhizobia on individual

pulses and assist in producing inoculants for use by the farmers.

Introduction

Nitrogen is the most limiting element in the soils of

Bangladesh.  Legumes fix atmospheric nitrogen for
their growth if inoculated with proper strains of Rhi-
zobium. Through microbiological research, the most
suitable Rhizobinm bacteria can be isolated, screened,
and mass-cultured for use as bacterial inoculants. This
can reduce the requirement of nitrogen for cultivating
legume crops. In Bangladesh, biological nitrogen-
fixation studies with pulse crops are being carried out
mainly at the Bangladesh Agricultural University
(BAU), Bangladesh Agricultural Research Institute
(BARI), and Bangladesh Institute of Nuclear Agri-
culture (BINA). In this paper, the microbiological
rescarch studies on pulses carried out at BAU and
BINA have been reviewed since the First National
Workshop on pulses, held at BARI, Joydebpur, in
August 1981.

Results and Discussion

Collection, Authentication, and Maintenance of
Rhizobium Culture

After collecting nodules from fields in different re-
gions of the country many rhizobia strains have been
isolated in the laboratories at BAU and BINA. A
number of strains have also been obtained from the
Nitrogen Fixation by Tropical Agricultural Legumes
(NIfTAL) project, Hawaii, USA; the Rothamsted Ex-
perimental Station, United Kingdom: the Biological
Nitrogen Fixation Resource Centre (BNFRC),
Bangkok, Thailand; the Indian Agricultural Rescarch
Institure (IARI): the Intermational Crops Research In-
stitute for the Semi-Arid Tropics, (ICRISAT), India;
International Center for Agricultural Research in the
Dry Areas (ICARDA), Syria; and from other sources.
The local isolates and the exotic strains were then

Citation: BARI (Bangladesh Agricultural Research Institute). 1991. Advances in Pulses Research in Bangladesh: proceedings of the Second
National Workshop on Pulses, 6-8 Jun 1989, Joydebpur, Bangladesh. Patancheru, A.P. 502 324, India: Intemnational Crops Research nstitute for

the Semi-Arid Tropics.
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authenticated by nodulation tests and stored in test tube
slants. At present more than 100 strains of rhizobia
effective on different pulse crops are being maintained
atBAUand BINA. Every year new additions are made.

Response to Rhizobium Inuculation

Many pot and field experiments were carried out to
study the response of khesari (Lathvrus sativus 1..), lentil
(Lens culinaris Medic.), mung bean (Vigna radiata(L.)
Wilczek), chickpea (Cicer arietinum L.), and black
gram (Vigna mungo (L.) Hepperd to rhizobia inocula-
tion, and to evaluate the effectiveness of different
strains of rhizobia on these pulses. Distinet beneficial
effects of Riizobium inoculation have been observed
inrespeet of nodule formation, nodule mass, shootdry
matter, and grain yield of khesart, lentil and mung bean
(Tables 1, 2, 3). Datain Table | show that there were
significant increases in nodule number and nodule

mass per plant, shoot dry matter, and grain vield of

three khesari cultivars due to Rhizobium inoculation
{Alamctal. 1988). The effect was more pronounced in
the cultivar V-3968 than the local and Pahartali culti-

vars used in the study. Table 2 shows the influence of

Riizobium inoculation on rodule formation and grain

yield of lentil (Hoque 1988a). There was a significant
increase in shoot dry matter and grain yield of lentil due
1o application of urea-N and the cffect was more
pronounced in the presence of P and K application.
Rhizobiuminoculation gave 70% more grain yield than
noninoculated control. Yield was 96% more when
inoculation was used along with P and K application.
In another field trial, it was observed that inoculation
with different strains of rhizobia gave 12 o 47%
increase in the grain yield of mung “ean over
noninoculated control in 1984/85 while application of
50 kg urea-N failed to produce marked increase in
mung bean yield (Bhuiya et al. 1985). The strain RAU
604 appeared best and strains BAU 606 and TAL 441
were equally effective (Table 3).

The results also show that inoculation with differ-
ent strains of rhizobia produced higher number of
nodules and shoot dry matter per plant compared to
control treatments. Strains of rhizobia responded dif-
ferently with lentil in different soils (Sattar and Podder
1988). The strain L, recorded the highest number of
nodules, dry matter, and grain and hay vields with
Comilla, Mymensingh, Bogra, and Rajshahi soils, while
the strain L, did best with Jessore and Pabna soils. The
strain L, performed  better in Dinajpur soil. The
maximum shoot mass in Faridpur soil and grain yield

Table 1. Response of 3 khesari cultivars to Rkizobium inoculation at BAU, Mymensingh, Bangladesh, 1986/87.

Nodule no. plant-'

Nodule mass  Shoot mass  Grain yicld % Yield

Treatment Main root Branch root (g plant’') (g plant”) (kg ha) increase
Var. local

Noninoculated 7.2d" 6.2¢c 0.008b 0.203ab 802b -

Inoculated 9.1ab 7.8abc 0.011a 0.233a 952ab 19
Var. 3968

Noninoculated 7.7bc 7.5bc 0.09b 0.173b 845b 5

Inoculated 10.0a 9.6a 0.011a 0.217a 997a 24
Var. Pahartali

Noninoculated 7.5¢d 6.7bc 0.008b 0.168b 815b 2

Inoculated 9.4ab 9.3ab 0.010ab 0.207ab 972a 21

SE 1041 10.61 10.0005 10.012 147

1. Values followed by the same letters within a column do not differ significantly from each other at the 0.05 level.
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Table 2. Response of lentil to Rhizobium inoculation at BAU, Mymensingh, Bangladesh, 1987/88.

Nodule Nodule mass Shoot mass Pod Grain yield % yield
Treatment no. plant”! (g plant-') (g plant-') no. plant! (kg ha') increase
Control 1.0c 0.7b 0.09ab 10.1 235e -

(Noninoculated)
N! 1.0c 0.8b 0.11a 10.8 348cd 48
K l.1c 0.7b 0.08b 11.1 283de 20
NPK 1.7¢ 1.6b 0.11a 144 41labe 75
Inoculated 5.7 3.6ab 0.10a 1.5 400bc 70
PK+Inoculated 9.3a 6.5a 0.11a 12.6 461ab 96
NPK +Inoculated 8.5a 6.3a 0.12a 14.5 484a 106
SE 10.8 1.2 10.07 NS +24.8

1. N = nitrogen, P = phosphorus, K = potassium.

2. Values (ollowed by the same letters within a column do not differ sigmficantly from each other at the 0.05 level.

in Khulna soil were recorded by strain L. The apph-
cation of small doses of urea at 20-37 kg N ha ' with
inoculants gave high yield in lentil. Higher doses of N
drastically reduced nodulationand vield. TSP applica-
tion up to 60 kg P O_ha ' favored inoculation response
in recording high-cr nodulation and yield of lentil and
chickpea (Sattar et al. 1987; Sattar and Podder, 1988).
Nitrogen application with inoculants showed negative
results in some studies.

Better performance of rhizobial mixed-culture in-
oculations over single culture on chickpea were ob-
served inseveral field experiments (Sattaretal. [988).

Local inoculants were better than the exotic inoculants
in nearly all the cases.

Sereening and Selection of Effective Rhizbobia
Strains

Many trials have been conducted in greenhouse und in
ticlds on the effectiveness of ditferent strains of rhi-
sobia collected locally and trom abroad. Some results
are reported below.

Results of pot-culture trials with sterilized sand

Table 3. Response of mung bean to Rhizobium inoculation at BAU, Mymensingh, Bangladesh, 1986/8/.

Nodule Nodule mass Shoot mass Grain yield % yield
Treatment no. plant ' (g plant ) (g plant ") (kghat increase
Control 1.6bc! 0.002b 1.69¢ 660d -
(Noninoculated)
BAU 502 NT? NT NT NT NT
BAU 604 4.1a 0.004ab 317 972a 47
BAU 606 3.2ab 0.003ab 3.85ab 818bc 24
TAL 441 3.9a 0.004ab 2.30b 740cd 12
Mixed culture 3.0ab 0.005a 2.15b 920ab 39
Urea-N (50 kg ha') 1.0c 0.001b 1.69¢ 705¢d 7
SE 10.6 - 10.20 142.3 -

1. Values followed by the same letters within a column do not differ significantly from each other at the 0.05 level.

2. NT = Not tested.
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showed that of 6 isolates of khesari rhizobia, BAU 488
and BAU 449 produced higher nodule number than
others (Bhuiya et al. 1983). These two isolates and
BAU 450 gave identical but higher shoot dry matter
and shoot N content than others. Data of a similar trial
with lentil indicate that from among 7 local and 2 exotic
strains studied, BAU 303, BAU 344, and BAU 346
(local) and TAL 638 (exotic) were found equally
promising and better than others in producing shoot dry
matter (Hogue 1988). Pot-culture studies with black
gram rhizobia have shown that out of 9 isolates tested,
BAU 516, BAU 517. BAU 51K, and BAU 519 were
most promising in terms of nodule formation and
producing shoot growth of the crop. The highest shoot
N eontent of 3.39% was noted in BAU 516 and BAU
519 compared 10 2.25% inthe control pot(Bhuiyaetal.
1983).

Performance of different strains of khesari rhizobia

was studied by laying out field trials at various locations
of the country (Bhuiya et al 1982, 1983). In a 1981/82
field trial, during the winter season BAU 416 appeared
to be the best strain in producing nodule number and
grainyieldin all the locations at BAU, Mymensingh, at
Ishurdi and at Jessore furms (Table 4). BAU 421 gave
the next best results at the BAU farm. in a 1983/84
winter trial BAU 416 and BAU 444 performed better at
the BAU farm. Inthe case of lentil, BAU 303 and TAL
638 were found to be more effective than any other
strain in a 1987/88 winter trial (Hoque 1988b).  The
black gram isolate BAU 501 was more promising in
198 1/82 winter trial (Bhuiya et al. 1982) and BAU 502
and BAU 504 performed better in 1982/83 winter trial
(Bhuiya etal. 1983). Five strains of lentil (L,.L.L,
L, and Ly were found promising in extensive field
experiments conducted at seven different locations in
Bangladesh (Sattar et al, 1987,

Table 4. Effect of different strains of rhizobia on khesari, various locations, 1981/82.

Nodule no. Dry matter Grain yield % yield
Treatment plant' (g plant ) (that) increase
BAU
Control 2.5a 0.57b 0.80a
(Noninoculated)
BAU 416 4.2b 0.82a 1.37b 71
BAU 421 3.5ab 0.74a 1.30a 62
BAU 424 3.2ab 0.70ab 1.23a 54
Ishurdi
Control 4.5b 1.95b 1.96 -
(Noninoculated)
BAU 416 7.5a 2.88a 245 25
BAU 421 6.3ab 3.00a 1.96 0
BAU 424 6.5ab 2.98a 2.05 4
Jessore
Control 5.1b 0.26b 1.61 -
(Noninoculated)
BAU 416 7.8a 0.34a .94 20
BAU 421 7.4a 0.31a 2.05 27
BAU 424 6.9a 0.291b 1.69 5

1. Values followed by the same letters within a column do not differ significantly from each other at the 0.05 level.
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Crop Cultivar x Rhizobium Strain Interaction

Several field trials conducted during 1983-85 1o study
the interaction between crop variety and Rhizobium
strain did not show any preference of any Rhizobium
strain to any crop cultivar. Strains BAU 439 and BAU
444 as wellas theirmixed culture were more promising
on local and charbadna cultivars of khesari in farmers”
fields at Fulbaria upazila, Mymensingh (Bhuiya et al.
1984). These strains also performed similarly inanother
trial in Jamalpur farm (Bhuiya et al. 1984).  Strain
BAU 421 was more effective on local and Jamalpur
cultivars inanother trial conducted at BAU farm during
winter, I984/85. Inblack gram BAU S02and BAU 510
were found more effective than others on the local
variety and 2038 cultivar (Bhuiya et al. 1986). On the
hlack gram cultivar T 9, the strains BAU 510 and 511
were more effective (Bhuiva et al 1984). Significant
variations of different nost-rhizobia combinations in
plant mass, nodulation. dry matter, grain vield, and
nitrogen uptiake were observed in chickpea (Podder
and Habibullah [982). Different germplasm lines/
mutants of chickpea respended difterently to Rhizobium
inoculation inaugmenting vield and yield-contributing
characters, The increase in the nitrogen fination rate of
chickpea lines due to inoculations was 34-126%, the
highest fixation being with the germplasm G 97 (73 kg
Nha') followed by G 296 (70 kg N ha ') and ICCT S
(65 kg N ha'y (Sattar et al. 1988). The percentage
increase over noninoculated control tor G 97 was 106,
for G 296, 126, and for ICCT 5. 6.

Survival of Rhizobia in Inoculants During
Storage

Survival of khesari rhizobia in the inoculants prepared
with BAU 439 and BAU 444 using peat. sawdust, and
charcoal as carrier materiels was studied up 1o 75 days
of storage at room temperature (Bhuiya et al. 1983),
The survival rate of both BAU 439 and BAU 444 was
much higher in the peat carrier than in either of the
other two materials. Storage up to 75 days showed as
highas 1.1 x 10" viable cells (g inoculanty ' prepared
with cither of these strains  of rhizobia, In another
survival study with chickpea rhizobia by Khanam etal.
(1984), it was observed that the strain BAU 16 in peat-
based inoculunt showed very high survival of 2.2 x 10
(g inoculant) ! after 75 days of storage at room tem-
perature while under similar storage condition the
same strain showed only 0.46 x 10" viable cells (g in-
oculant) ' in soil and 0.30 x 10" viable cells (g inocu-

lant)" in sawdust-based inoculants. Several field trials
during winter 1982/83 (Bhuiyaetal. 1983) showed that
20 or 40 g of peat-based inoculants having approxi-
mately 10" viable rnizobia g would be sufficient for
inoculating 1 kg seeds to produce desired dry matter
and grain yield of khesari and black gram,

Studies with Vasicular-Arbuscular Mycorrhizae
(VAM) and Phosphate-Dissolving
Microorganisms

Response of chickpeato VAM culure was evaluated in
a pot-culture experiment. Significant response due to
VAN noculation was recorded in respect of growth,
nodutation, and yield of the crop. The benefit was more
pronounced when phosphate was incorporated at 30 kg
PO, ha' (Savar and Roy 1989). Nodulation, dry
matter, and vield of lentil were improved by the in-
oculation of phosphate-dissolving cultures (Aspergillus
awamort B Bacillus polvmyya H, and B. megaterium
TSR, Etfective nodules. nodule mass dry matter,
and grain vield were maximum when inoculated with
local isolate (B megaterium TSR D in presence of
TSPat 30 kg P.O_ha ' (Sattar et ai 1986). Among the
single-and composite-culture treatments, Glomus, and
Riizobium and Glomus gave the highest vield in
chickpea (Santar and Roy 1989), Beneficial effects of
combined oculation of Rhizobinm, phosphate-dis-
solving microorganisms and VAM have also been
obtained over individual strains.

Producetion of Inoculants

Small-scale production of bacterial inoculants and
distribution among the farmers were initiated at the
Department of Soil Science abouta decade ago (Hoque
198Ra). At present the inoculant is being produced on
asmall scale at BAU and BINA for use in the cultiva-
tion of mung bean. black gram, chickpea, and khesari.

Recommendations

Microbial inoculants could be a cheaper alternative
when compared with the costly synthetic fertilizers.
Greater emphasis should be laid on systematic
microbiological research with pulse crops, in close
cooperation between breeders and  microbiologists.
The establishment of adequate physical facilities
and manpower development should be given priority.
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Pulse crops which are the main source of protein in
Bangladesh should be included in the rice-based
cropping systems. Effective measures should be taken
for utilization of already developed promising micro-
bial strains by the farmers through establishing
biofertilizer production centres.

Discussion

A. Ahad Miah: In your experiments on the effect of
Rhizobitwm inoculation on the yield of different pulses,
in most cases you have counted nodules and measured
their dry mass only once. May 1 request you to study
the nodulation pattern at different stages of growth?
This will enable you to interpret results properly and
help in screening wnd selection of effectrve strains of
rhizobia. When did you count nodules?

M.S. Hoque: In most of our studies, we have recorded
nodule count and mass of nodules at two growth stages
of the different pulses. But for mung bean, lentil. and
black gram. @ one-time observation at 40 - 35 days has
been found satisfactory for these short-duration crops.

5.K. Roy: [noculuny bacteria die in many cases if they
come in contact with direct sunlight. What is vour
suggestion to the farmers who want to sow seed in the
middle of the dry scason?
inoculum for a longer period, say from one season 1o

How can tarmers store
another?

WLS. Hoque: Itis suggested that the inoculated seeds
should be sown in the field either in the morning or late
afternoon. But, if the farmers have no cther choice but
10 sew the seeds in the midday sun they should cover
the land immediately after sowing so that the inoculated
seeds are not exposed to the scorching sun for a long
time. However.itis notadvisable to sow the inoculated
s2eds in the hot sun.

M. O. Istam: [n our observation [Islam et al. 1987,
Anrals of Agriculture Vol.8 (2)] we found that there
exists clear variability among the genotypes for
nodulation under normial field conditions. It has also
been established that specific host genotypic x Rhizo-
birm interactions exist.  So, could we recommend
hiofertilizer in general instead of a specific Rhizobinm
inoculum for specific cultivars in chickpea?

M.S. Hoque: We do not have many studies on the
interaction of host genotype x Rhizobium interaction

108

with chickpea. Some studies with khesari, mung bean
and black gram cultivars x Rhizobium strain interaction
have shown very little interaction effect among differ-
ent cultivars of a crop with different rhizobia strains.

ML.A. Bakr: From your paper it is clear that the appli-
cation of bio-fertilizer has distinet merit in increasing
yield of pulses. Why are efforts not made to make it
available to the end users?

M.S.Haque: [ think this sorkshop can suggest appro-
priate measures for making the biofertilizers available
1o the end users.

M.A. Newaz: 1. There is genetic variation of symbi-
otic efficacy among both pulse genotyes and rhizobia
strains. Under this situation how would you propose to
rationalize biofertitizer recommendation for different
land. .ces used by the farmers?

2.0 you _uggest “mixed culture”, then how many
strains should be combined for commercial use?

M.S. Hoque: 1. In our studies with crops like mung
bean, black gram. and khesari on crop cultivar x Rhi-
zobiuni strain interaction we have seen little such
interaction eftect.

2. Atthe moment. we do not suggest the the use of any
mixed culture.

D.G. Faris: Are there plans to produce rhizobia strains
commercially by a private company or a government
enterprise?

M.S. Hoque: There has not beenany initiative from the
government as yet for the commercial production of
rhizobia inoculants.

Until now the Department of Soil Science of
Bangladesh Agriculiural University has been produe-
ing some amount of inoculants for use in mung bean
and Khesari and distributing it 10 the farmers through
Bangladesh Agricultural Development Corporation
(BADC). Mennonite Central Committee (MCC), and
the BAU Agriculture Exiension Project.

D.G. Faris: You show some very high increase due to
rhizobia inoculation. 1. Could you please give the soil
condition of the “control™ in your various trials?

2. Were they rice fallows only?

3. What was the nutrient status of the soils (Qutside N)?
4. What was the earlier history of cropping with legumes
(All without previous legumes)?

5. What was the soil type usually?


http:effica.cy

M.S. Hoque: 1. and 2. Neither nitrogenous fertilizer
nor rhizobia inoculant was applied in the control plots.
We did not analyze the soils of our ficld tials for the
status of different nutrienis except for available N and
organic matter content and for some soils, analysis was
done also for avaitable P and S contents. The organic
matter content of the experimental soils vaned from
LO-1.3% ssoil pH trom 6.5 - 7.8 available P trom soils,
LO-18 ppmand available S, trom 10-20 ppm.

3 Generally rice follows pulses, but sometimes jute
tollows,

4. Inthe rocutation response stadies, the trials were
mostly carried out i fields not calusaed with a par-
ticular pulse Juring the Lo 2-3 vears.

5. The soil types were in general noncaleareous dark
grav, Noodplan. and calcareous brown floodplam or
calearcous dark gray tloodplan. - The soil testure
varied from sandy Toam to clay loam.

CL L Gowdae 1 Isthereasurves toissess the native
population fevel ot difterent rhizobiam difterent crops
mn Bangladesh?

2 What s the survival abidits ot Rhiizobiun in paddy
tpuddled somhy arcas, compared to upland arcas!?

M.S Hoque: TONo sy stenatic survey has been done to
assess the native population evel of difterent rhizobia
cifective onditterent crops in Bangladesh sotls. Only
some sporadie studies have been madee.

2ONosuch studies have been made as setwith pubses.
Inad-vear studs of sovbean it has heen observed that
2-Tinoculations i subsequent s ears could resaltin the
survival of sutticient rhizobi to canse ettective nodu-
aionina Laman (rainy seasonrice-sovbeancropping
ssstem at the BAU furm.,
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Progress and Prospects of Disease-Management Research on

Pulses

H.U. Ahmed
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Abstract

Many diseases of chickpea (Cicer arietinum L.), lentil (Leis culinaris Medie. ), mung bean (Vigna radiata
(L.) Wilczek), black gram (Vigna mungo (L..) Hepper).and khesari (Lathyrus sativus L.) have been re-
corded in Bangladesh. Wilt, collar ror, and bowrvtis gray mold of ehickpea; rust, eollar rot, wilt, and
stemphylium blight of lentil: yellow mosaic, leaf spot, and powdery mildew of mung bean and black gram;
and collar rot and downy mildew of khesari were found to be the most important. Yellow mosaie and
powdery milcew caused 16.0% and 26.0% . Id loss on mung bean and 10.0% and 25.5% yield loss on

bluck gram. Collar rot of chickpea caused 544% loss under inoculated conditions. Fusarium wilt-siek’

plots were developed at Jovdebpur and Ishurdi and a large number i chickpea lines Have been screened
over the years. Susceptible check lines for wilt of chickpea (1CC 4951 ) rust (L8149} and stemphylium
blight (L 81124 ) of lentil: vellow mosaic of black gram (B 31 }; and yellow mosaic of mung bean (IMN 86)
were identified. Many lines of different pulses were identified resistant to various disea. 2s. Fourteen
genera of fungi were identified as seedborne pathogens of differen, pulses. Solarization with @ polyvthene
sheet for 3months in summer controlled fusarium wilt and other : oilthorne pathogens. Many effective secd
dressings and foliar fungicides were identified. Development of laboratory-screening procedures fer
diseases of lentil, and downy mildew of khesari to supplement field results will be undertaken. Researcl

on integrated diseaxe-management procedures will be intensified.

Introduction

Among the various factors responsible for low yield of
pulses, disease plays an important role.  The rainy
season with its hotand humid weather as wellas the soil
conditions of Bangladesh are favorable for the growth
and reproduction of plant-disease inciting agents like
fungi, bacteria, viruses, and nematodes.

Diseases of Pulses

Seventy-nine diseases have been recorded on chickrea
(Cicer arietivum L.), lenil (Lens culinaris Madic.),
black gram (Vigna mungo (L.) Hepper), mung bean
(Vigna radiata (0..) Wilczek), and khesari (Lathyrus

sativus L) in Bangladesh up to 1988, Of these, 54 are
caused by fungi. 9 by nematodes, | by abaterium, 11
by viruses, ang by mycoplasma (Ahmeu 2t al. 1982;
BARI 1982 1983, 1984: Bakr and Zahid 1986; Fakir
1983). There are some diseases which are greatly
influenced by environmental conditions. It appears
from various records available in. the country thit
chickpeasufters from 11 diseasccientilfrom 1 7. mung
bean from 16, black gram from 21, and khesari from 14
(Table 1). Amongthe 11 discases of cnuckpea, the most
important are Wilt (Fusariim oxvsporum), collar rot
(Scleiotnm rolfsiny, and gray mold (Botryvtis cinercea).
Asmany as 17 different diseases affectlentil. Of these,
cust(Uromyces vici-fubae ), footrot(Selerotium rolfsii),
wilt (Fusavium oxvsporum) and stemphylium blight
(Stemphivlium spy are the most destructive. Of the 16

Citation: BARI (Bangladesh Agricultural Research Institute). 1991. Advances in Pulses Rescarch in Bangladesh: proceedings of the Sccond
National Workshop on Pulses, 6-8 Jun 1989, Joydebpur, Bangladesh. Patancheru, A.P. 502 324, India: Intemnational Crops Rescarch Institute for

the Semi-Arid Tropics.
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Table 1. The number of diseases affecting th- iive pulse crops and their causal organisms recorded in Bangladesh up

to 1987/88.
Causal agent

Crop Fungi Nematodes Bacteria Virus Mycoplasma Total
Khesan 10 2 0 2 0 14
Lentil 12 2 0 2 1 17
Chickpea 8 1 0 2 0 11
Black gram 15 2 0 3 1 21
Mung bean 9 2 1 2 2 16

Total 54 9 1 11 4 79

diseases of mung hean, the most important are: yellow

mosaiv (virus), powdery mildew (Odium sp), and leaf

spot(Cercospora cruenta). Black gram is aftected by
21 different diseases: yellow mosaic, leal spot. and
powdery mildew are the most impo:tant. Recently
root-knot nematode (Meloidogyne sp) occurrence in
the field has also become guite common. Inkhesari, 14
diseases were recorded.  Of these. downy mildew
(Peronospora vicive)y and coilar rot oceur more often.

Yield Reduction due to Disease

Yield losses in pulses caused by different diseases in
the country have not been investigated. The plamt
pathology divisions at Bangladesh Agricultural Re-
search Inutitute (BARD) and the Bangladesh Agricul-
tural University { BAU) have estimated yield losses by
a few diseases like collar rot, and wilt of chickpea,
powdery mildew, and yellow mosaic of mung bean and
black gram (BARI 1987, 1988: Bakr and Ahmed 1988
Fakir 1983). Collarrotcaused 84.4% yield loss, while
wilt caused 60% loss in chickpea. Powdery mildew
caused 26% yield loss in mung bean and 26.5% yield
loss in black gram. Yellow mosaic caused 16% yield
loss in mung bean and 10% yield loss in black gram.

Discase Control through Host Resistance

Management of crop diseases through host resistance
is economical and practical. To develop resistant cul-
tivars, many cultivars and germplasm lines of chickpea,
lentil, mung bean, black gram, and khesari were evalu-
ated during 1983-1987 (BARI 1988; Rahman and
Ahmed 1985; Dey et al. 1988). Efforts were made to
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locate resistant sources through artificial inoculation.
Ascreening experiment was conducted against chickpea
wilt with many exotic and local entries in wilt nurseries
hoth at Joydebpur and Ishurdi. A highly susceptible
check entry (ICC 4951) was sown after every two test
entries and so far, we have obtained 41 resistant lines.
In lemil 13 entries resistant to fool rot; 19 entries
Pasistant to rust: 17 entries resistant to stemphylium
blight: and 4 entries resistant to root rot were found.
Several screening experiments against yellow mosaic
of mung bean and black gram were conducted at BARI
and Bangladesh Institute of Nuctear Agriculture
(BINA). Inmung bean only 2 entries (BM 84-2-7-
5. BM 84-2-18-6) were found resistant, while only 2
mutants M 25 and M 26 were resistant to yvelow mosaic
in black gram (BINA 1988). In case of root-knot
{Meloidogyne sp), | entry was found resistant in mung
bean, and 4 cntries in black gram, (BARI 1984).
Regarding the discases of kKhesari, 1 entry was resistant
to root knot, 49 to foot rot, and 4 to downy mildew
(BARI 1984, 1986, 1988).

Seedborne Diseases

Field fungi associated with seeds cause deterioration of
quality, affect viability and reduce germination of
seeds. Many studies were done at the Plant Pathology
Divisions of BARI and BAU to investigate the preva-
lence of fungi in seeds.  Ten fungi were detected in
chickpea. Sinlentil, 17 in black gram, and 9 in khesari.
Eleven seedborne diseases were reported in four pulses.
They are: blight, wilt, and seed rot of chickpea, rust of
lentil, leaf spot and seed rot of mung bean, and seedling
blight, anthracnose, foot rot, leaf spot, and seed rot of
black gram.



Storage Pathogens

Most storage pathogens are species of Aspergilius,
Penicillium, and Rhizopus. The storage fungi may
cause deerease in germination discoloration of seed,
various biochemical changes that may make grains
untit for food, and toxins that are a health hazard for
humansandanimals, The factors that mainly detennine
infection by storage molds are moisture content of seed
and type of storage containers. Effect of moisture
content on the previlence of fungi in stored chickpea
seeds was studied by maintaining 3 levels of moisture:
8% 12 and 164, Relatively lower levels of mold
incidence and higher germination were recorded at the
lowest level of moisture content. Of the storage con-
tainers, kerosene tin, plastic bag, and bamboo ‘dole’ were
found promising (BARI 1984).

Control of Seedborne Pathogens

Seedborne diseases cause enormous loss 1o pulse crops,
The seedborne disease infection can be effectively
reduced if the seeds are treated before sowing. Re-
search done by the Plant Pathotogy Division, BARI.
indicates that seed treatment with Benlae T-20% and
Cantan can eradicate the seedborne infection of
Fusariunmt oxvsporum causing wilt of chickpea, while
Vitavax-200% endcaptansignificanthy controlled col-
larrotot chickpeat Bakrand Ahmed 1987: Bakr 1988).
It was also found that about 7447 reduction ol toot rot
oceurred inlentil when seeds were treated with Bas tan
10DS® and when treated with Vitavax-200® the re-

duction was 400 (BARI 1987). The Department of

Plant  Pathology, BAU reported that Homai 80 WP
reduced scedborne infection of Macrophominu
phaseoling resulting in less pre- and post-emergence
mortality of scedlings and increased germination by

48%, and Vitavax-200® reduced infection by 46%
(BAU 1985).

Studies on polythene mulch

In recent years, soil solarization has become an effec-
tive means of controlling soilborne plant pathogens on
alimited seale. It was found that polythene mulch was
effective in lowering the fusarium population in the
soil by 71¢% resulting in 82% lower incidence of wilt
(Table 2) (BARI 1987).

Discase Control through Plant Treatment

Several fungicial rials were conducted at BAU and
BARIto determine etfective treatments against difter-
entteliardiseases of black gram, mung bean. lentil, and
khesari. Results showed that powdery mildew of mung
bean and black gram can effectively be controlted by
sprayingeither Thiovitk (0.2 or Karathanet (0,117 )
or THE250 w ECO. 19 ywGoswamietal. 1988). Similarly
cercospora leat spotof mung bean and black gram can
be controlled by Bavistin (0.17y or Bayleton o (0,247 )
(BARI [988). Rovralx SO WP (0.27% ) was effective in
controlling stemphylium blight ot lentil. Leptos-
phacrubina leaf blight of khesari can be controtled by
spraying either Dithane M-45# (0.2 or Trimiltox
forte ® (0.2 or Topsin M® (0.14) or Copperoxy-
chloride (0.3¢0) (BAU 1986).

Future Research Needs

Further studies on disease development under specific
¢limatic conditions, screening of breeding materials
againstmajor diseases, identifving effective chemicals,

Table 2. Effect of polythene mulch on Fusarium sp control at BARI, Joydebpur and at RARS, Ishurdi, Bangladesh,

1984/8S.
Fusarium population Wilted plants Yield
Decrease Decrease Increase
Actual 10! over con- Actual over con- Actual over con-
Treatment dilution trol (%) (%) trol (%) (tha') trol (%)
Polythene mulch  2.25 71.26 1.07 81.6 1.58 5.61
Control 7.83 - 5.82 - 1.50 -
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developing integrated control approaches are future
areas of research in disease management of pulses.

Discussion

A Sarker: 1. You have identified 53 lines resistant to
different diseases. Have vou got any lines which are
resistant to more than one disease? 2. Two papers on
plant pathology carry more or less tie same title and
many things are duplicated. You could have put the
crops into two separate papers. 3. How is the
stemphylium blight transmitted?

H.U. Ahmed: [. Records are to be consulted to see
whether the same line is resistant to two or more
discases. Now | eannot siay the exact position. 20 My
paper s a review paper while Bakr's paper deals with
management of major diseases of various pulses, 3.
Stemphyham disease is transmitted by girborne spores.

E.D. Magatlona: In Table 3. the damage to chickpea
by collar rotis 844 while that trom wiltis 00 Tins
i greater than 1000 (14447,
eaplanation tor this?

Could you ofter an

H.U. Ahmed: Loss estimation toq collar rotand wilt
was done i two separate experiments and the findings
are tor cach discase. Theretore, the foss cannot be

added together.

M.P. Bharati: In your paper vou have included gray
mold asone of the majordiscasesonchiickpea. However,
vou have no data on yield loss from the disease and no
other follow-up statistics. Why?

H.U. Ahmed: In our country gray mold incidence is
irregular. In some vears the incidence is very high
while inotheryearsitislow. Wecould notdoany study
on vield loss under controlled conditions, At present
we are monitoring the discase under different

agroceological situations,

MM Rahmran: Incidence of rustand stemphy hium of

lentilundernatural conditions isuncertiin and unreliable
for identification of resistant lines. What artificial
meisures are vou going to tiake to ensure enough
diseuse pressure on this crop to sereen for resistance?

H.U. Ahmed: Wherever possible artificial inoculation
will be done.
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S.K. Roy: Is there any remedy 1o Sclerotium rolfsii in
lentitand cowpeaonce it is established in the crop? We
have this problem at Hathazari.

H.U. Ahmed: No, At this moment we do not have amy
control measure for Sclerotivm rolfsii, it it is estab-
lished on the crop.

R.N. Malliek: The extentof loss due todiseases is very
high according to your report. but farmers seldom use
any plant-protection measures. Are these losses below
the economice threshold?

H.U. Abhmed: Under normal field conditions <o tar
observed, the discase meidence is irregular, The loss
estimation as shown is under high epiphytotic condi-
tons,
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Management of Important Diseases of Major Pulses

M.A. Bakr

Regional Agricultural Research Station, Ishurdi, Pabna, Bangladesh

Abstract

Seventy-nine diseases of five pulse crops were recorded in Bangladesh. Forty-one lines of chickpea (Cicer
arietinum L.) were identified resistant to fusarium wilt. Since 1986, 174 chickpea breeding lines were
screenedinihe wilt-sick plot at Ishurdi and 50 were selected for further evaluation. In lentil (Lens culinaris
Medic.), 19 lines were found resistunt to rust and 17 to stemphylinm blight. No stable resistant source was
found to mung bean (Vigna radiata (L.) Wilczek) yellow mosaic virus. Damage by rust can be avoided by
sowing the crop before the firstweek of November in northern parts of Bangladesh and before the last week
of October inthe southern parts of Bangladesh. Powdery mildew of black gram(Vignamun go (L.)Hepper)
and mung bean was found to cause less damage when crops were sown before the end of September. Seed
treatments against inoculum of Fusarium oxysporum and Sclerotium rolfsii were found effective. Foliar
sprays against stemphylium blight, powdery mildew, and cercospord leaf spot were determined. Future

work plans are discussed.

Introduction

Among different approaches for discase management,
use of resistant cultivars. cultural management,

polythene mulching, avoidance by manipulation of

sowing dates, sced treatment as dry dressing and plant
treatment as foliar sprays were explored. So far 79
diseases of pulse crops have been reported in
Bangladesh. Only 12 are cconomically important
(Ahmed 1985) (Table I). Inthis paperthe technologies

developed for management of important discases of

five pulses: chickpea (Cicer arietiman L), lentl (Lens
culinaris Medic. ), khesari (Lathyvruys sativus L.), black
gram(Vigna mungo(L.) Hepper), and mung bean (Vigna
radiata (L.) Wilczek.) are discussed. Mention has been
made of the methods and practices available elsewhere.

Chickpea

Of the 50 pathogens reported on  chickpea from
different parts of the world. 14 have been reported in
Bangladesh (Ahmed 198S5; Fakir 1983). The important

discases are wilt (Fusarium oxysporum 1. sp. ciceri),
collarrot (Selerotivm rolfsin, dry root rot (Rhizoctonia
buataticola), and botrytis gray mold (Botryvtis cinerea).

Wilt

Wilt is widespread in the chickpea-growing arcas of
Bangladesh. Although no precise information is avail-
able on the extent of damage by the disease a rough
estimate of 10% loss has been considered to be a
regular feature in the chichpea-growing states of India
(Singh and Dahiya 1973). In Bangladesh, seasonal
observations have shown much higher incidence of the
disease. The pathogen causes total or partial wilting.
When split open lengthwise the xylem portion of the
tap root shows dark brown to black discoloration, The
discase development s rapid atsoil and airtemperatures
of 24 10 27"C while the infection remains restricted at
ambient temperatures below 17°C (Grewal 1988), The
causal fungus is soilas well as seedbome. It can survive
by forming chlamydospores in dead-plant debris for
more than § years (Haware, personal communication).

Citation: BARI (Bangladesh Agricultural Rescarch Institute). 1991. Ac'vances in Pulses Research in Bangladesh: proceedings of the Second
National Workshop on Pulses, 6-8 Jun 1989, Joydebpur, Bangladesh. Patancheru, A.P. 502 324, India: Intemational Crops Rescarch Institute for

the Semi-Arid Tropics.
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Table 1. Important diseases of mgjor pulses.

Crop Disease Pathogen
Chickpea Wilt Fusarium oxysporum f. sp Ciceri
Collar rot Sclerotium rolfsii
Botrytis gray mold Botrytis cinerea
Dry root rot Rhizoctonia bataticola
Lentil Rust Uromyces fubae
Stemphylium blight Stemphylium sp
Foot rot Sclerotium rolfsii
Wilt Fusarium oxysporum
Mung bean Yellow mosaic Mung tean Yellow Mosaic Virus

Black gram

Khesari Downy mildew

Cercospora leaf spot
Powdery mildew

Cercospora cruenty
Erysiphe polygonilOidium sp

Pernospora viciae

Lentil, pigeonpea (Cajanus cajan (L) Millsp.). and
fieldpea (Pisum sativim subsp arvensey were identi-
fied as symptomless carriers of this pathogen (Haware
and Nene 1982). Forty one entries from local and
exotic sourees have been identified as resistant to this
disease (Table 2). Mulching soil with polythene sheet

during the height of summer reduces the pathogen
population by 71% and wilt incidence by 819 (BARI
1987) but the use of resistant cultivars is the only
suitable answer.

Haware et al. (1978) reported that the seedborne
inoculum could be eradicated by dressing seed with

Table 2. Germplasm entries found resistant to diseases at BAR!, 1989,

Crop Resistant to Place Germmplasm Entries
Chickpea Fusarium wilt BARI, Joydebpur CC 2484, -1405, -594, -11320, - 3274, 9035, -
RARS, Ishurdi 11322, 3208, -3595, -1437,-11329, -454, -422, -
598.-312,-589, ICCL-82104, -85109, -85108, -
85107, -85102, -8S111, -84215, -83142, RBH
135(b), -228(a), -196(a),-174b), -87(a), -90(a), -
109(a), E 498, -317,-243, -506, -114, -395-244,
336, -426, and 443.
Lenti Rust RARS, Ishurdi 112-19, 107-37, 119-88, 119-107, 104-5, 111-71,

Stemphylium RARS, Ishurdi

107-41, 117-10, 119-117, 110-22, 122-29, 111-58,
107-11, 125-14, 110-78, B 62. 85005, 80670, and
ILL-2501.

U 3136,-2993, ILL-2501,-1868.-blight 2149,-4406,-
3904,-3765,-3814,-3823,-3554,-3230,-2997,-2876,-
2874,-2784, and 2754,
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Benlate®-T. Further studies at BARI with Benlate® T-
20 showed that the fungicide also provided some
protection against early wilting under field conditions
(Bakr and Ahmed 1987).

Collar Rot

Collar rot is prevalent throughout the chickpea-grow-
ing areas of Bangladesh. Outside Bangladesh the dis-
case has been reported from several countries includ-
ing India (Nene et al, 1984y, Tt is, however, assumed
that the disease exists in almost all tropical and sub-
tropical countries where chickpeais grosn. The disease
can cause 4-844 loss in seed vield (Bakr and Ahmed
1988). Itusually appears at the seedling stage although

incidence is not rare inolder plants. The fungus attacks
the plantaithe collar regionat soil level. Nodiscoloration
of the root occurs. White myeelial strands along with
mustard seed-like sclerotia are observed on the in-
fected portion. The initial high soil maisture and the
high soil temperatures (28" - 36°CH favor infection,
Excess soil moisture after crop establishment sup-
presses the growth of the fungus. The nondecomposed
organic matter near the soil surtace provides the sub-
stratum for rapid growth of the pathogen.

Disease incidence can be reduced considerably by
removing residues of the previous crop (Table 3) (Bakr
and Ahmed 1988). The early incidence of the disease
wis reduced significantly by presowing seed dressing
with Vitavax-200 at 2.5¢ (kg of dry seed) ' (Bakr
1988). There are noreports of resistance tothis disease.

Table 3. Extent of mortality of chickpea plants and seed
yield loss at different inoculum levels at RARS, Ishurdi,
1987.

Mean
Total seed Seed

mortahity  vields yield loss
Treatment Initial (%) (tha'y (%)
1. Soil inoculation  162b'  69.51ab  0.31¢ 78.7
without cleaning (87.64)°
residues of
previous crop
2. Soil inoculation 122b 75072 0.23¢ 84.4
after adding (93.15)
chopped paddy
straw
1. Soil inoculation  139b  64.02b  0.66b 533
after cleaning all (80.63)

residues

4. Soil inoculation  221a 43.02d 1.41a 4.2

after cleaning (46.73)
tesidues and
treating soil with
terrachlor
5. Control (residues  226a 5185 147a 0
cleancd untreated (61.61)

and uninoculated)

. Values followed by the same letters withina column do not differ
significantly at the 0.05 level.

2. Values in parentheses are oniginal values of per cent mortality.

Source: Bakr and Ahmed (1983).

Table 4. EfTect of presowing seed dressing with fungicides
for the control collar rot disease of chickpea, RARS,
Ishurdi, 1987.

Seed

germinated Pre em.'  Postem.’  Total
Treatment pot’ death acath death
Bavistin 0.4¢! 19.64 0.0¢ 19.6a
Benlate T-20 0.0¢ 20.0a 0.0¢ 20.0a
Captan 9.0b 11.0b l6a 14.6b
Ridomil (.8 19 2a 0.8b¢ 20.0¢
Thiride-75 Y.8b 10.2b 2.4ub 12.0¢
Vitavax-200 18.0a KLY 1.8b 4.4d
Contro! 0.0¢ 20.0a 0.0¢ 20.04

1. Pre em. = Preemergence.

2. Postem. = Postemergence.

1. Values followed by the same letters withina column do not differ
significantly at the 0.08 level

Source: Bakr (1988).

Botrytis Gray Mold

Botrytis gray mold is caused by Botryiis cinerea. twas
first recorded in 1981, Ouiside Bangladesh the disease
is present in Nepal, India, Pakistan, Spain, Australia,
Canada, Colombia, and Argentina (Nene and Reddy
1987). During 1988 the disease appeared in Bangladesh,
devastating the chickpea crop throughout the country.
The fungus forms gray or brown to fight-brown lesions
on leaflets, branches, and pods. The infected portion is
covered with erect hairy sporophores giving a moldy
appearance. Young prowing twigs and flowers are
particutarly susceptible to the infection. The plants at
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dense canopy turn grayish. Later the crop has a blighted
appearance.

A dense crop canopy, formed due to excess soil
moisture and the abundantuse of nitrogenous fertilizers,
aidsdevelopmentof the pathogen. The discase develops
fast in soils with high nutrient status and organic-
matter content. The pathogen has a wide host range and
the inocula exist almost always in the environment. In
appropriate weather conditions the pathogen sporu-
lates profusely. The pathogen is seedborne. Storage of
seedatroomtemperature reduced the pathogen viability
appreciably (Laha and Grewal 1983). The fungus re-
mained viable on infected plant parts present as an
admixture in seed lots and was found to be externally
seedborne tothe extentof 8.2 and internally seedborne
totheextentof 2.5 innaturally infected seeds at 18°C
for 5 years (Grewal 1988).

The seedborne inoculum can be eradicated by seed
dressing with Bavistin 30 WP as well as Bavistin +
thiram at the rate of 2.3g thg of div seed) ! (Grewal und
Laha T983). These fungiades were also tound effec-
tve m controthng acrial infecnon by Botrvtis cinerea
up to 8 weeks atter sowmg. Two hines, 1CC 1069 and
ICC 5055, were found resistant (Grewal 1985,

Selecting Jand with soils with heavy testure and
moderate to substantial nutnient status reduces the
severity of the discise.

Dry Root Rot

This discase was notcotamon in farmers” fields but in
recent years its incidence has increased considerably,
Infectionis scattered in the field. Affected plants dry up
suddenly with i straw -colored appearance. The tap
root s brittle and devord of lateral and finer roots, The
dead roots show shredding ot the bark. Very minute
dark-brown sclerotia can be observed with the aided
eye below the bark and i the puh. The pithogen is
reported to perpetaate on diseased plant debris and
persists in the soil as a tacultative parisite. The hest
solution is 1o use resistant cultivars,

Lentil

Fifteen pathogens causing 17 diseases have so far been
recorded in Bangladesh (Ahmed 1985; Bakr and Zahid
1986) but only few are severe causing severe losses in
yield. These are rust (Lromyces fubae), siemphylium
blight(Stemphylium sp). Wilt(Fusarium oxysporum),
and foot rot (Sclerotium rolfsiiy.
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Rust

The disezse was first recorded by Talukder (1974). It
causes severe damage to the crop almost all over the
country. Losses depend upon the stage of the crop at the
time of infection. The incidence of the disease varies
considerably from year to year depending upon envi-
ronmental conditions. High humidity, cloudy weather,
and temperatures of 20-22°C favor disease develop-
ment. The disease appears inareas with dense canopy.
Accial cups are formed on sters, leaves, and pods
followed by uredo and teleutopustules. Black or dark-
brown teha are formed on the stem late in the season.
In severe cases. the leaves are shed and plants dry up
prematurely.

The fungus is autoacions and completes its aecial,
uredial.andteliab stages onthe lentil plant. The prinmary
infection source seems to be adnmxtured telewtospores
on infected plant parts mived with seed lots. The
discase was observed to occur generally before mid-
February i northw estern districts and betore the end of
January in the south. Lentil cultivar I 8 matures in 100
to L0 days. So the disease can be avoided by sowing
such early maturmyg cultivars by the first week of
November in the north and by the last week of October
nthe southern parte of the country. The primary source
of infection can be avoided by properly cleaning the
seed ots and plant parts that possess teleutospores,

Reststant sources from local and exotic germplasm
have been identified (Table 2). These are being wtilized
in hybridization. Protective sprays with Dithane M-
50250 ppmyan 10-1 2 days interval were reported to be
etfecuve (Khare etal 1979). These results could not be
reproduced at BARL

Stemphylium Blight

Stemphylium hlight is a rew disease of lentil which
was recorded during 1986 in Bangladesh (Bakr and
Zahid 1986). The discase is widespread almost
throughout the country but severity is highest in the
greater districts of Jessore, Kushtia, Faridpur, Dhaka,
and Pabna. Due to its increasing severity the disease
has already gained much importance. Symptoms of the
disease startas pinheaded light brown or colored spots
on leaflets in plants in thick poputations. The spots
enfarge rapidly and within 2-3 days cover the entire
leaflet resulting in the defoliation and death of young
twigs, Insevere cases. the crop fields exhibita blighted
appearance. However, the pods are still - green. The
pathogen seems to be airborne. No reports exist on its



Table 5. Effect of some foliar fungicides on the incidence of stemphylium blight and yield parameters of lentil, RARS,

Ishurdi, 1986.

Twig No. of Seed mass
Diseases infection pods plant’ Seed yield
Fungicides score (%) plamt! g (tha')
Rovral 1.04* 29.0¢ 1263a 2.5a 1.54a
(0.2%)
Uniflow sulfur 2.3c 57.0bc 966b 2.2ab 1.18c
(0.4%)
Antracol 3.3b 46.5bc 954b 1.9ab 1.38b
0.2%)
Dithane M-45® 2.5¢ 46.8bc 8l6bc 1.7b 1.39ab
(0.2%)
Control 4.0a 72.3a 623 1.2b 1.21c

1. Values followed by the same letters within a column do not differ significantly at the (.05 level.

seedbome nature (externally orinternally). The detailed
etiology is yet to be studied. Seventeen lines have been
identified as resistant 10 the discase and should be
exploited in the crossing program (Table 2). Foliar
sprays with Rovral S0 WP* ut 0.2% were found cf-
tective when applied three to four times at 7-day
intervals (Table 5).

Foot Rot and Wilt

Footrot is mainly a seedling disease attacking the crop
usually up to 30 days of germination and is caused by
Sclerotium rolfsii. The fungal strands along with mus-
tard seed-like sclerotia are generally observed associ-
ated with the infected portions at soil level. The disease
can also be caused by Fusarium oxvsporum at the
seedling stage and it is called wilt when the fungus
attacks the older plants. The tap roots are infected and
normal growth is arrested initially giving a stunted
appearance and finally causing wilting and drying of
the plants. When split open lengthwise, brown dis-
coloration involving pith and xylem is observed.
Discase incidence has been observed to be higherin
soil withinitial high moisture content. Therefore, sow-
ing should be done at  ptimum moisture level,
Presowing seed dressing with fungicides Baytan 10
DS® 0.25% dry seed was found very effective in

reducing the disease incidence. The avoidable loss was
reduced up to 74% with Baytan and with Vitavax-
200® the avoidable loss was reduced up to 39.8%.
(Table 6) (Mortuza and Bhuiya 1988).

Mung Bean and Black Gram

Sixteen pathogens have so far been recorded on mung
bean and 21 on black gram in Bangladesh (Fakir 1983;
Ahmed 1985) of which three diseases attacking both
the pulses are considered major depending upon the
extent of damage they cause. These diseases are: yel-
low mosaic caused by YMV. cercospora leal spot
(Cercospora cruenta). and powdery mildew (Ervsiphe
polvgoni{Oidinm sp).

Yellow Mosaic

Yellow mosaic is the most serious limiting factor in
mung bean and black gram cultivation. The disease can
attack the crop at any stage of growth but losses are
severe when it attacks at an carly stage. Total loss has
been reported when the crop was infected at 1-2 weeks,
63% at 3 weeks, and around 20-30% at 4-7 weeks
(BARI 1984). Symptoms of the discase appear on
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Table 6, Effect of fungicides in controlling foot and root rot disease of lentii.

Infection/dead plants (%)

Reduction Seed

Seedling Growing Mature of discase yield
Treatment stage stage stage Total (%) (tha')
Calixin 3164 6.12b 0.98 48.74¢ 7.51 0.25¢
Vitavax-200 15.92a 14.46b 1.34 3L72b 39.81 1.04a
Dithane M-45 28.45D 16.52b 0.59 49.56¢ 13.55 0.92b
Baytan 10DS 7% S5.48a 0.22 13.68a 74.04 1.22a
Bavistin 30.90b 16.52b 091 48.33¢ 8.29 0.90b
Captan 31.05b 14.64b 1.20 46.89¢ 11.02 0.91b
Cuntrol 30.42b 21 .48¢ 0.80 $2.70¢ 0 0.81b

! Values followed by the same leters withina column o not differ significantly at the 0.05 level.

Source: Mortuza and Bhuiya (1988).

leaves as minute yellow specks that expand and may
cover the entire leat area. Minture of irregular vellow
and green patches can be observed on the leaves, Pods
are reduced insize and bear small shrivelled seeds. The
accia are transnitied by whitetly (Bemisia tabaciy and
has a wide host range. Weeds have been reported to
harbor the virus and act as a primary source of inocu-
lum (Verma and Subramanyam 1986).

Management of the disease seems to be very dit-
ficult. Many attempts at BARTand elsewhere 1o sereen
resistant sources were made but no stable resistant
source has been identified so tar. Spraying svstemic
insecticides iike afdicarb (Sharma and Verma 1982)
and Formaothion® (Chenulu etal. 1979) were reported
most effective in checking the spread of the disease by
controlling the vector.

Cercospora Leaf Spot

Cercospora leat spot (CLS) attacks bouth mung bean
and black gram. The disease causes spots of variable
sizes and shapes that are purplish ac the beginning and
later the centre becomes grayish in color, The discase
also causes prematare defoliation. The pathogen was
reported to perpetuate onintected plant debris (Grewal
1988). A few lines were identitied as resistant and can
be utilized in crossing program (Dey ¢t al. 1987,
Grewal 1988). Foliar sprays with Bavistin 50 WP at
0.1% were found effective in controlling the disease
(BARI 1VK06).
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Powdery Mildew

The disease is serious mostly during late summer. [thas
been estimated to cause about 4244 vield loss in fate
summer (BART 1987) and around 17¢¢ loss in early
summer crop of mung bean (BARL 1986). Discase
incidence has been observed to be severe when the
crops are sown late, e early October onwards,
Powdery muasses are formed on the leaves which later
turn dirty white, leading to defoliation in some cases.

Table 7. Effect of fungicides on the incidence of powdery
mildew of black gram.

Disease

severity Yield 1000-grain
Fungicide (0-5) scale (kg ha' mass (g)
Antracol 2.2b¢! 140 19.5
Karathane 1.5b 157 3199
Bayleton 1.7b¢ 144 40.7
Thiovit 1.5b 177 40.8
Tilt 250 Ec¢ 1.0a 201 41.0
Calixin 2.5b 164 40.0
Control 3.8¢ 135 kL.

1. Values followed by the same letters within a column do not differ
significantly at the 0.05 level.
Source: Goswami et al. (198K).




The disease can be avoided or damage reduced to
nonecononmiic level by sowing carly, i.e., from mid-
August to first week ol September. [t was effectively
controlled by 2-3 foliar sprays of Tilt 250 EC®R (0. 1% ¥,
Thiovit 80 WP (0.24) or Karathene (0.1 ) applicd
at 12-15 day intervals (Table 7) (Goswami et al. 1988:
BARI 1986). it was more effective than Bavistin S0
WPk,

Khesari
Downy Mildew

Fourteen pathogens of khesan have so far been re-
ported trom Bungladesh ¢Ahmed 1985). Among the
discases downy mildew (Pernospora viciae) 1s con-
sidered to be the mostimportant. and was estimated to
cause about 1770 loss myvield tBART TOR61 Symptoms
of the discase are the downy groswth of myeelinm and
sporaphares onthe dorsal side of the feav es which Jook
lihe vellow lestons fromihe ventral side. Atlater stages
the infected leaves turn grasish o light brown,

Resistant sources have been identitied against the
discase. No precise study on chemicai control by
spravs was undertahen, [0 was observed morelated
studies that Thiovit 80 WP was ettective incontrolling
the disease 1o significant lesel.

Future Strategy

The crop loss due todiseases needs to be prevented. On
a more restricted scale, economic Josses for the dis-
¢ases require management effort by individual grow-
ers. But to decide correctly whether or not to attempt
management practices, growers need aceurate details
about discase severity and its destructive potential,
Although successtul disease munagement frequently
requires several integrated approaches and technigues,
in this paper these have been considered singly for
simplicity, Many management practices developed
against important diseases of major pulses have been
discussed. 1tis necessary that the package of practices
be used by the growers and seed producers. In this
regard great responsibility lies with the extension
personnel and on-farm research scientists to create a
general awareness about the availability of the practices
andtodemonstrate theiretfectiveness. If thisisensured,
itcan then be expected that the huge loss due todiscases
be minimized and the national production level raised
considerably.

Discussion

M.QO. Hyder: There are some vaccines aginst some
diseases prevalent among both human beings and live-
stock. Would you please comment on the possibitity of
developing methods of vaccination for such diseases
caused by bacteria and viruses? It the answer is posi-
tive, what is our contribution in that fielu ?

M.A. Bakr: Our main thrust is to develop low-cost,
casily usable remedial measures against pulse diseases.
Cross-protection measures may be practised in some
fruit and vegetable diseases but in the case of pulse
diseases nowhere in the world are these in practice, nor
are we doing any work,

R.N. Mallick: Your recommendation {for disease pre-
vention and control seems 1o be quite practical. Have
vou illustrated these measures in the extension bulle-
tins vou have distributed this morning in Bangla?

MLAL Bakr: Thank voeu for this suggestion. We will try
to do the needtul.

M.V Reddy: Can you please elaborate on future re-
)

search strategies for control of pulse discases !
M.A. Bakr: This will be discussed at the plenary

SCSSOIL

MLS. Hogue: You have mentioned that the incidence
of collar-rotdisease of chickpea can be reduced greatly
by removing residues of the previous crop. But froin
the soil-fertility management pointof view farmers are
advised 1o incorporate the crop residues for better
yvields of subseguent crops, heeping in mind the
alarmingly low organic matter content of our soils.
Under such an antagonistic situation, what is your
opinion with regard to management of this discase?

M.A. Bakr: Only undecomposed residues are 1o be
removed if the crop is to be sown immediately after the
harvest of the previous crop. But if sufticient time has
lapsed before sowing of the next crop and the crop
residues are fully decomposed then these do notdo any
harm.

M.P. Bharati: How does not <owing chickpeain light-
textured soil reduce botrytis gray mold incidence ?

Please explain,

M.A. Bakr: It is our observation that chickpea when
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sowninlight soils produces profuse vegetative growth,
Whenever a light shower oceurs it favors the incidence
of botrytis gray mold.

M.A. Wahhab: Seed treatment was done and chemi-
cals were used to control the diseases of pulses. Don't
~Youthink that burning of crop-residues in the ficld may
help control them to some-exten,”?

M.A. Bakr: Yes, this is a general recommended sani-
tary measure for many discases.

M.O. Islam: You have mentioned in vour paper that
botrvtis gray mold can be avoided by:

L avaiding use of nitrogen fertilizer,

2. avoiding light-teatured soil,

3. nipping the twigs, and

4. grazing by sheep
Inour experience at RARS. Ishurdi we do not use any
fertilizers, grow the pulses in heavy soils, and even put
itin Im, line-to-tine distance, but why does hotrviis
appear in severe form

M.AL Bakr: The Ishurdi RARS soil is rich in organic
matter. which encourages profuse vegctative arowth,
Inthe presence of sutticient moisture particulariy inthe
growing season when carly showers oceur, these con-
ditions help development of the discase,

A.Rahman: 1. In vour paper vou mentioned 100-seed
mass of black gram which [ think is very hight st
correct ? 2. What is the significance ol taking 100-seed
mass of black gram of the same line against difterem
chemicals ?

M.A. Bakr: 2. The table has the reference below it |
have only cited the work. Inmy opinion the vield is not
very high, we penerally get even higheryields. 2. lthas
significance in assessing the efticiency of the chemi-
cals.
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Pulse Disease Research at BAU - A Review

G.A. Fakir and G.M. Mujibur Rahman

Bangladesh Agricultural Un.versity, Mymensingh, Bangladesh

Abstract

Research onthe diseases of black gram(Vignamungo(L.)Hepper), khesari(Lathyrus sativus L.y, chickpea
(Cicer arictinum L.), and lentil (Lens culinaris Medic.) has been conducted since 1976 at the Bangladesh
Agricultural University. Twenty three diseases of black gram, 15 of khesari, and 5 of chickpea were
detected in their seeds. Six seedborne pathogens were identified in black gram, 2 in khesari, and 3 in

chickpeud'.

Timely sowing of lentil and chickpea after the first week of November reduced collar-ro

damage, while applicaiion of nitrogen increased the incidence. Seed treatments to control various
diseases have deen worked out. Screening under field conditions and subsequent artificial inoculation
of 216 black gram and khesari lines led to the identification of M 23 black gram and 1. 14 khesari, as
moderately resistant to fusariun wilt and collar rot. Present on-going studies and future plans for

research are discussed.

Introduction

Research on pulse discases began in the Department of

Plant Pathology, Bangladesh Agricultural University
(BAL)Y. Mymensingh, in 1976, Four pulses. chickpea
(Cicer arietinum L), Khesart (Lathvrus sarnvas 1o,
lentil (Lens culinaris Medico. and black gram (Vigna
mungo (L Heppery were included in these studies
(BAUT978) In T9R7. BAU Launched aresearch project
entitled Coordinated Food Legume Improvement
Project’. Lenulband lublabbean (Lablab purpurens (Lo
Sweety have been meluded in this program. Research
carried out on the diseases o these five pulses has been
compiled n the present review.

Survey of Diseases

Surveys of the diseases aftecting black gram, chickpea,
Khesart, and lentil were carried out in seven greater
districts of Bungladesh viz. Faridpur, Jessore, Rajshahi,
Jumalpur, Mymensingh, Khulna. and Chittagong from
1976/77 10 1982/83 and n five districts: Fandpur,
Jessore, Mymensingh. Khulna. and Chittagong. from

197910 1YR3. Discase prevalence was furthersurveyed
only on black gram and khesari in three districts:
Rapshati, Mymensingh, and Jamalpur during 1980/
TORT 10 19R2/1983. Inaddition, occurrence of diseases
wins recorded on about 1000 germplasm iines of lentil
recetved mostly trom the International Center for
Agricultural Research in Dry Areas (ICARDA) at the
BALU Farm for 2 vears, T986/87 and 1987/8K.

Forty-twoditferent diseaseswererecorded onthese
pulsesduring the survey. Among these diseases, 28 are
of major importance and 29 appear to be new records
for Bangladesh. The major diseases were collar rot
(Sclerotivm rolixiny and wilt (Fusarivm oxysporuan) in
all the tour pulses: blight (Ascochyta rabeinyin chickpea:
leat blight (Leprosphaerulina trijoliry in black gram
and khesart cercosporaleaf spot(Cercospora cruenta)
and vellow mosaie virus (Y MV in black gram; rusts
(Uromyvees spy in chickpea and lenul; and downy
mildew (Peronospora viciae) in khesari. Often these
diseases broke out in epidemic form and caused con-
siderable tosses to the crops (Fakir and Rahman 1977,
BALU 1978, 1988: Fukir and Bakr 1978: Fakir 1983a;
Fuhir and Hossain 1984,

1. There is only one report of Ascochyta blight occurrence from Bangladesh (BAU 197%).

Citation: BARI (Bangladesh Agnc-itural Research Institute). 1991 Advances in Pulses Research in Bangladesh: proceedings of the Second
National Workshop on Pulses, 6-8 Jun 1989, Joydebpur, Bangladesh. Patancheru, A.P. 502 324, India: International Crops Research Institute for

the Sem - And Tropics.
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Study on the Impact of Blight and Wilt on
Chickpea Yield

During 1976/77, ascochyta blight and wilt of chickpea
broke out in epiphytotic form in certain areas of
Mymensingh including the BAU Farm. Considering
the importance of the diseases, crop-yield losses due to
these two diseases were estimated (Fakir 1983b). Wil
caused 60% seed-yield loss while blight resulted in
49% loss.  Almost similar losses were incurred in
production of total number of pods and seeds by the two
diseases.

Transmission of Fungal Pathogens through Pulse
Seeds

A total of 9% seed samples of black gram, 122 of
Khesari, and 20 of chickpea, collected from different
locations of Bangladesh, were used for studying the
seed transmission of fungal pathogens.  Sceedborne
infections of fungi were detected by using the blotter
test (1ISTA 1976)

Bluck gram

The important pathogenic fungi found to be transmit-
ted through black gram sceds were: Macrophomina
phaseolina, Fusarium oxvsporum, Colletotrichum
dematium, Rhizoctonia solani, and Aspergillus flavus.
Among all the seedborne fungal organisms,
Macrophomina phaseolina was highly pathogenic and
incertainseed samples, 70% seeds were found infected
(BAU 197K, 1986: Fakir and Bakr 1978; Fakir 1983b;
Kabir 1985).

Khesari

Of the 15 fungi encountered on khesari seeds, As-
pergillus flavus, Corvnespora cassiicola, Fusarium
moniliforme, Fusariwm oxysporum, and Fusarium sp
were pathogenic (BAU 1978: Fakirand Rahman i986).

Chickpea
Ofthefive fungidetected on chickpeaseeds, Aspervitlus
sp were inost predominant, and Colletotrichum

dematinm and Fusarium sp were pathogenic (BAU
1978). Among the fungi which were found in the seeds
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of the pulse crops mentioned above, pathogenic fungi
like Macrophomina, Fusarium, and Colletotrichum
were responsible for causing seed rot and seedling
infection. On the other hand, Aspergilius flavus and
other Aspergillus sp were commonly associated with
stored seeds and were responsible for reduced germi-
nation. The prevalence of fungi varied with respect 1o
location of collection of seeds and pulse species (BAU
1978, 1986).

Control of Diseases Through Cultural Practices

Lifect of fertilizers and irrigation on collar rot and
wilt-discase incidence in chickpea and lentil

Anexperiment was conducted with difterent levels of
fertilizers (NPK) and irrigation to study the eftect of
fertilizers and irrigation oncollar rotand wiltin chickpea
and lentil under natural field conditions. In general,
increased prevalence of collar rot and wilt diseases in
both chickpea and lentil were observed with the appli-
cation of nitrogenous fertilizer (urea) and with one or
two irrigations,

Litect of sowing time on collar rot and wilt
incidence in lentil and chickpea

The experiments were carried out at the BAU Farm
during 1979/80.
lentil decreased withthe advancement of date of sowing
(Table 1. Of the six different dates of sowing, 29
October sowing was most favorable for fusarium wilt

The prevalence of the diseases in

and collar rot discase development (15.5% j compared
1o the later sowing in November onwards. Maximum
fusarium wilt and collar rot disease development were
observedinchickpeainthe 26 October sowing (13.3%)
followed by 25 November (11.7%) while minimum
(2.3% ) diseases were recorded on 25 December (Fakir
1983b).

Effect of organic soil amendments on collar rot and
wilt disease in khesari

Two experiments at two difterent dates (21 Nov 1980
and 6 Jan 1981) were conducted at the BAU Farm to
study the effect of difterent organic soil amendments
on collar rotand fusarium wilt-disease development in
khesari. The organic soil amendments used were: ash
(A), sawdust (SD), and mustard (Brassica campesiris



Table 1. Effect of date of sowing time on fusarium wilt and
collar rot disease incidence in lentil and chickpea
observed at the BAU Farm, Mymemsingh, Bangladesh,
1979/80.

Plants infected by
fusarium wilt and

Crop Date cf sowing collar rot diseases (%)
Lentil 29 Oct 15.5a!
13 Nov 8.9b
28 Nov 8.9b
13 Dec 1.76
28 Dec 5.3b
12 Jan 6.5b
Chickpea 26 Oct 13.3a
10 Nov 9.2bcd
25 Nov 11.7ab
10 Dec 7.5¢d
25 Dec 2.3e
9 Jan 5.9de

I. Values followed by the same letter(s) do not differ signifi-
cantly at the 0.01 level,

L.) oilcake (MOC). and combination of these three.
The dose for each treatment was 350 g per unit plot
(2.4m x L.8Bm). The organic soil amendments had no
influence oncollarrotand wilt-disease development in
Khesari, However, there was significant difference in
the incidence of disease development betweeen No-
vember and January sowing (BAU 19806).

Seed Treatment

Cantrol of seedborne infection of Macrophomina
phascolina in black gram

Investigations were carried for controlling seedborne
infection of M. phuscoling in black gram with different
secd-dressing fungicides ‘n the laboratory, glass house
as well as inthe field for 7 years from 1977/78 to 1984/
85. Ofthe 13 different fungicides tested in the labora-
tory, Granosan M (0.5%), Vitavax-200® (0.56),
Panoctine CGT/401 (0.5% ), and Homai 80 WP (0,59 )
appeared promising.  Based on pot-culture experi-
ments in the glasshouse, two fungicides, Vitavax-
200® and Homai 80 WP (0.5%) appeared promising.
In the field. all the three doses (0.3, 0.5, and 0.7% ) of

these two fungicides gave good control of seedborne
infection of Macrophomina phaseolina. Both Homai
80 WP and Vitavax-200® @ 0.7% completely con-
trolled the scedbomne infection of the pathogen and
increased germination by 48.4% and 46.0%. However,
0.7% Vitavax-200® had some phytotoxic effect on
growing seedlings. Homai 80 WP and Vitavax-200®
reduced seedborne infection of the pathogen by 91.7 -
98.3% and increased germination by 46.8 - 47.6%. No
phytotoxic effect was observed with 0.5% dose of
Vitavax-200® or with any of the doses of Homai 80
WP. Thus Vitavax-200® (0.5 or 0.3% ) and any of the
testdoses of Homai 80% WP mav ke recommended for
seed treatment of black gram for controlling seedborne
infection of Macrophomina phaseolina (BAU 1978;
Fukir et al. 1980; Fakir 1983a: Kabir 1985).

Control of root-rot disease of lentil by seed
treatment

An experiment was designed to control fusarium wilt
of lentil by seed treatment with Panoctine CG/450 (a
Kenogaardcompound witha.i. Guazatine yusing heavily
infested soil in potculiure. An additional experiment
was conducted in a heavily infested field at the BAU
Farm to confirm the results of pot-culure. It was
observed that only 1.6% seedlings of lentil were af-
fected by wiltin the treated seeds in pot-culture, while
A% seedlings were attacked by the disease when
nontreated seeds were used. Slightly better germina-
tion (92.5%) was also obtained in the treated set
compared to the nontreated control (90%) in pots,.
Significant reduction occured in wilt-disease develop-
ment. This wasalsoobservedinthe field withpanoctine-
treated seeds (Fakir 1983a).

Foliar Treatment
Control of powdery mildew of black gram

Four foliar fungicides, Copper Sandoz, Kumulus-S,
Thiovit, and Tri-miltox forte cach@ 0.1,0.3,and 0.5%
were tested atthe BAU Farm and in farmers ' fields near
BAU campus to control powdery mildew of black
gram (Fakir et al.1988).  All the three doses of the
selected fungicides gave excellent control of puwdery
mildew of black gram in all the 3 years® trial when
given four sprays at 7 days’ intervals. Based on the 3
years” studies it may be concluded that 0.5% dose of
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any of the test fungicides or 0.3% dose of Kumulus-§
or Tri-miltox forte may be recommended for control-
ling powdery mildew of black gram.

Control of cercospora leaf spot of black gram

Five foliar tungicides, Copper oxycehloride, Copper
Sandoz, Dithane M-45%, Topsin M, and Tri-miltox
forte cach @ 0.1., 0.3, and 0.5% were tried in farmers”
fields near BAU Farn for controlling cercospora leal
spot of black gram. All the three doses of Tapsin M
gave the best results in reducing disease severity and
increasing yield when applied four times at 7 days’
intervals (BAU 1986).

Control of leptosphacrulina leaf blivhe of Khesari

Efficacy of four foliar fungicides, Copper oxvehloride,
Dithane M-45 % Topsin M. and Tri-miltox forte cach
@ 0.1 and 0.5% w-s tested in controlling
teptosphaerulina leaf blight of khesari at the Regional
Agricultural Research Station at Jumalpur as welt as in
farmers” fields inthe char arca ot Jamalpur tor 3 vears
(1982-85). Both doses of the test tungicides reduced
the incidence of bligh by 30.8 10 809 and increased
vields over the control (BAU 1986).

Control through Host Resistance

Screening of black gram and khesari for resistance
to major diseases under ficld conditions

The reaction of 112 lines of black gram and 104 hnes
of Khesari to majordiseases at vartous research stations

(Ishurdi. Mymensingh, Jamadpur, and Kishoregonj) of

the country under natural field conditions was studied
from 1980-86. The test discases of black gram were
collar rot. wilt, seedling blight, leal spot, and YMV,
andthose of khesari collarrot eat blight. Ieat spot and
downy mildew. In addition. 869 germplasm lines of
lentilmostly received from the Internationat Center tor
Agricultural Research in Dry Arcas (ICARDA) were
screened against wilt, collar rot, and bushy stunt in the
performance trial plots of the Geneties and Plant
Breeding Department of BAU Farm during 1987/88.

Out of 112 hnes of black gram tested. only M 25
wis found resistant 1o vellow mosaic. Two lines, M 23
and M 25 were found resistant against collar rot and
wilt. Of the 104 khesari lines, only L 11 showed
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resistant reaction to collar rot and wilt. Among 869
germplasm lines of lentil, only seven namely BM 155,
BM 184, BM 180, BM 190, BM 194, BM 195 and BM
417 were found resistant against collar rotand wilt. In
case of bushy stunt, 350 lines were found resistant to
the disease (BAU 1986, 1988).

Screening of promising lines of black gram and
khesari to collur rot and wilt under artificial
epiphyvtotic conditions

The reaction to wilt of 47 germplasm lines of black
gram and 45 of Khesari was determined through artifi-
ciab inoculation by water culture in the laboratory for
wilt and by pot culture for wilt and collar rot in the
greenhouse using the sereening technique followed by
ICRISAT (Nene and Haware 19801, None of the lines
wits found resistant to both test pathogens. Out of 13
promising lines of black gram. 4 were tound imoder-
ately resistant to walt and 3 hines were found moder-
ately resistant to collar rot. Two lines, M 25 and 3679
were found moderately resis tant to both the pathogens.
Among the 14 pronmsmg tines of Rhesan, 4 were
moderately resistant to walt; while 5 were found mod-
erately resistant to collar rot. Of abl the Khesari hnes, L
6and L 14 were moderately resistant 1o both diseases
(Rahman et al. 19871,

Suggestions

Considering the importance of pulses in the national
cconomy and the research needs for the improvement
of this group of crops the following suggestions are
made:

1. More emphasis should be placed on breeding
high-vielding.
pulses and management of major pulse diseises
through integrated control.

disease-resistant cultivars of

20 Coodinaied research establishing close linkage
among the national and international institutes/
orgamzations needs to be undertaken.

Discussion

R. N. Malik: 1. What are the new findings in com-
parison to BARI results? 2. To what extent do other
departments of BAU use your research findings for
varietal develoment? 3. What percentage of your re-
search was basic research?



G.A. Fakir: |. There are a number of new findings in
pulses-disease research at BAU. A good amount of
work carried out by us at BAU has been included inthe
paper presented by Dr Hamizuddin Ahmed. You may
go through the reports of the two institutions as well as
through the two papers presented in this workshop,
2. Varietal screening trials for disease resistance have
been carried out in collaboration with BINA and the
Plant Breeding and Genetics Departmentof BAU. Our
reports have been submitted to the concermed national
authority.

3. A considerable amount of basic research has been
done by us.
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Status of Insect and Vertebrate Pest-Management Research On
Pulses

M.A. Karim and M. Mahbubur Rahman

Bangladesh Agricultural Research Institute, Joydebpur, Bangladesh

Abstract

In Bangladesh, pigeonpea (Cajanus cajan (L.) Millsp.), chickpea (Cicer arietinum L.}, cowpea (Vigna
unguiculata(L.)Walp).mung bean(Vignaradiata(L.)Wilczek),and black gram(Vignamungo(L.) Hepper)
Jace major pest problems in the fields while all pulses, including khesari (Lathyrus sativus L. j and lentil
(Lens culinaris Medic.), are seriously infested by pulse beetles (Callosobruchus chinensis Linn. and C.
maculatus Fab.jinstorage. Thoughthe progress made so fur has not heen able to solve all these problems,
ithas been satisfactory if one considers the manpower, time, and other inputs. Most entomology research
on pulses was done by the research entomologists of the Bangladesh Aericnltural Research Institute.
These studies which inchude insect pest surveys, crop loss assessments, biology of major pests, screening
Jor host-plant resistance, insecticidal sprays. comparison of various pest-control measures, and verte-
brate pest problems have been discussed v this paper. Future research needs on insects and vertebrate

pests have been suggested

Monitoring and Surveillance of Insect Pests and
their Natural F .emices

Monitoring and surverllance were carned out m some
of the major pulse-growing districts 1o record the
incidence of ansect pests wttacking pulses and the
predators and the parasitosds of these insect pests,
Alam et al (1963 prepared the Birst published bt ot
msect pests ot ditterent pulses in Bangladesh, That ha
was revised later on by Ruhiman ctal e 108210 mclude
new speciesotinsectpests, Tnthe resised st 4 pecies
were included as pests of black gram oV rona e
L.y Heppers, 100 of mung bean oV rena radiara 11,
Wilczeky 1T of chichpea ¢ crarienmun Lo, and 19
of pigeonpea (Capanies capor o Millspo Later on,
Menochius sevmaculane Feb Aicraspes dise ol
Feb. . Cocamellarepunda Thorn cand Bramus siswralis
Fab. were reported as cocanelled predators of aphids
in pulses (BARID 198440 und the valeruaid beetle
(Madurasia obvcrella Jacoby ). Buirstreah blue buat-
tertly pod borer (Ewchrops cnepes Febo. stem
(Ophiomyiaphaseoli Trvono, whitetly (Bemsia taba
Gennoy, and aphid cAphiy medicaginns Kocho were

Cutation: BARI (Bangladesh Agncubtural Research Institutes 1991 Advances i Pulses Research i Bangladesh proveedings of the Second

reported as nsect pests attaching cowpea (Viena
wngicdara o Walpo i Bangladesh (Rabman and
Ranuzuddi 1987,

Crop-Loss Assessments for Establishing Status of
Insect Pests

Fttorts were made to ostabhish the status ot the re-
corded imsect pests of pulses by studving ther ingi-
dence pattern, rate of mtestaton, and actual and
avordable grinnsvield losses. Through such studies the
followmyg were established as the magor imsect pests:
galerucndbeetle, greenjassid harry caterplar whitetly
hean stem thy, aphiads. han-streak blue buttertly pod
porer and spotted pod borer incow pea, mung bean and
black gram: the cutworm and chickpea pod borer
chickpea: pod borercomplex tspotted pod borer, plume
moth, hair-streab blue buttertly . and “tr” pod vy in
preconpeas and two species of pulse beetles
CCaltovobruc s cinensis Lanneand C macidane Fab.y
e stored puises. (Rahman FOSS, 1989 Rahman ar |
Ramizuddin TUST)0 Among those magor insect pests,

National Workshop on Pulses, 6-% Jun 1989, Joydebpur, Bangladesh Patancheru, A P 502 324 India International Crups Research Institute for

the Semi- And Tropics.
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the pod borers caused grain-yield losses of 130 kg
ha 'in black gram, 136 kg ha' in mung bean, 191 kg
ha'in cowpea, and 400 kg ha' in chickpea (Rahman
1989a). Avoidable grain-yicld losses of Y7 kg ha ' in
black gram, 109 kg ha' in mung bean, 95 kg ha' in
cowpea, and 81 kg ha ' i pigeonpea. were recorded by
comparing these yields with those of crops treated with
insccticides for the controf of the pod borers. The bean
stem fly and the galerucid beetle caused up 10 974
plant infestation and 100%% leal infestations in black
gram i BARI 19840, Though 434 feal infestations by
the green jassid and 144 by the galerucid beetle were
reported in cowpei tRahman 198), the effect of such
leaf intestations on the gran vield could not be aseer-
tned tBART 1U80: Ralinan 1988). Grimninfestations
by pulse beetles at the rates of Y84 in mung bean, 734
i khesann L athvrus sanvis Lo, 044 i chickpea., 464
i tentl thens culinariy Medico, 2940 i black grai,
and4 e mbieldpeatPounoarmum subsparvenseywere
recorded after 6-8 months of storage under farniers”
storage conditions. The pest status of difterent insect
pests as determined by crop-loss assessment studies
will help adentity the most damaging insect pests ot
pulses for further studies on therr management,

Biology of Major Pest Species

Though studies onthe biology of insect pests inrefation
to difterent ceological conditions are very important in
developing pest-managementi strategies, such studies
have not yet been started for insect pests of pulses in
Bangladesh, However, some studies onthe tongevity,
development  of
Callosobruchus span difterent pubse grains have been

oviposition,  growth,  and
completed. Remarkable effects on the developmental
biology of the two species of the pulse beetles were
observedondifferent pulses. Cochmenses knd theireggs
on black gram, but the grubs did not develop after
hatching from the eges. Similarly, C. maculatis laid

theireggs on lentil. but the subsequent development of

the grubs atter hatching from the eggs was totally
stopped. Mung bean and cowpea served as the best
hosts while tieldpea was not preferred as a host for the
development of pulse beetles,

Varietal Screening for Host-Plant Resistance to
Insect Pests
Screening germplasm to identify sources of resistance

against major insect pests deserves attention, as this
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will help in breeding resistant varieties with good
agronomic qualities.  Well organized screening pro-
grams have not yet been undentaken  However, the
pestsagainst whichsuchscreening should be undertaken
have beenidentilied. These are: chickpea pod borer in
chickpea; spotted pod borer and hair-streak blue but-
terfly pad borer in pigeonpew; galerucid beetle, green

Jassidowhitefly  spotted pod borer. and hair-streak blue

buttertly pad borer in cowpea. black gram, and mung
beaninthe field: C chmensisand C. macidatus formung
bean.cowpea, khesari, and pigeonpea: C.chinensis for
tenuland chickpea: and C.omiacudatus for black gramin
storage.

Studies were conducted onaviailable germiplasm of
chickpea for resistanee 1o the gram pod borer (BAR|
TURS,TUSO, TYURT). Inthese studies, chickpea cultivirs
Saburdand Nibm were found to pertorm consistently

beuer dhan oiher Bines o

game s pod Sara Inanothc

study. ot 9 strns o black eram, 2038 showed the
lowest per cent pod mtestation by £ cnejus. But the
results of the sereentng studies were inconclusive be-
cause of the low pest population pressure under naturl
field miestation. Such screenig exercises are best
conducted when the pest specres can be reared in the
Laboratory tor multuplication and release nthe field in
safficient numbers. Idenntication of natural hat spots
with high pestantestations ma particular vear did not
help sereening studies as the pest intestation lewels
decreased the tollowing vear.

Evaluation of Necd-Based Application Schedules
for Insecticides

The use of inseencides in pulses as a prophs Jatic
measure s highly discouraging. Overall, msecticide
use has several negative aspects: it generates reluctancee
among pulse growers o adopt pest-control measures:
therrcostis vers high: the cost-benefit ritio s high for
insecticidat pest control: and msecticides have an ad-
verseeftectonnatural enemies of inseet pests and other
benefictal organisms. Nevertheless, msecticides are a
key component of the Integrated Pest Munagement
Program in all crops including pulses. Judicious ap-
plication of insecticides for insect-pest control will be
helptulinreducing the numberof applications, because
though insecticides result in a high cost-benefit ratio
for pest control, they have hazirdous effects on the
ccosystem. and their uncontrolled use presents a safety
risk to the users/consumers.

Keeping the above points in view, several insecti-
cides were tested atditferent population levels of major



insect pests of pulses in the field to select effective
insecticides, and to determine appropriate doses, mini-
mum number of applications, and to assess the cost-
benefit ratios of such insecticidal pest management.
Results of these studies have been presented in another
paper at this workshop.  Determination of such need-
based application schedules of insecticides for insect-
pest management helped entomologists determine the
cconomic  threshold for initiating control measures
against specific insect pests.

Testing the Efficacy of Various Pest-Control
Mecasures

The efficacy of many insecticides were tested against
the major insect pests of cowpea (Rahman and
Ramizuddin 1987: Rahman 19881, pigeonpea(Rahman
1989b), and stored pulses (Rahman and Yadav 19834,
1Y85b, 1987 Rahmun 19849¢),
neem, mustard. coconut, sovbean, linseed, sesame,

Plant oils, namely

ete., were tested for their eftectiveness in controlling
pulse-beetle infestation in stored pulses (Das and Karim
1986: Rahman 1989¢). Neem-asl treatiment was tound
1o be the most ettective in protecting pulse seeds from
damage by pulse beetles.

Some physical methods were tested for their etfi-
cacy in disinfecting pulse grains against pulse-beetle
infestation. Heat treatment of pulse seeds with boiled
water for 10 minutes or cold tremment of seeds
12.5°C for 48 h fully disintested seeds from the pulse-
beetle infestation (Rahman 1989¢). Seeds thus
disinfested could be stored tor tong periods in sealed
containers or polythene bags without becoming intested.
A top layer of sand or ash over stored pulse seeds in
glass containers was found to be effective in preventing
the entry of adult pulse beetles. (BARI 1983b).

Vertebrate Pest Problems

Losses caused by vertebrate pests to pulses in the field
or in storage have not been studied vet. Birds may
cause damage to pulses in the field just after seeding.
Various bird-repellent chemicals were tested in
Bangladeshtodrive away birds from seeded orsprouting
crop fields (Poche et al. 1980: Sultana et al. 1986) but
these chemicals could not be standardized for bird-
damage controi. Hiring manual laborers to drive away
birds from crop fields is still a common practice in
Bangladesh. Use of scarecrow devices to drive birds
away from crop fields has only temporary success

because birds quickly become familiar with such de-
vices.

Future Research

The progress in rescarch so far discussed clearly indi-
cates that many problem areas are yel to be tackled.
The appointment of more entomologists in the Pulses
Project of BARI will broaden the rescarch activity of
the pulse entomologists. Future research wili proceed
along the following ines:

Monitoring and surveillance of insect pest populations

of pulses in relation to the changing farming svstems.

e Bioccology, bionomics, and lite tables of major
pestspecies of Culses.

o Aruficial rearing of niajor pest species.

s Screening of germplasim varieties/strains against
major pest species under optimum populiation
pressure ensured by arnficial release.

e Exploration and augmentation of natural en-
emies and evaluation of biological control
agents.

e Testing the etficacy of cuttural control mea-
sures such as manipulation of sowing dates,
effects of intercrops and trap crops. and soil-,
wiler-, and crop-management practices.

e Tesuag theefticacy of mechanical and physical
control measures espectally against the hairy
caterpillar and the pulsc beetle.

o Evaluation of pheromone traps and light traps,
espectallyagainst Helicoverpaand Maruca spp
of pod borers.,

o Evaluationof cheapand safe pesticides for their
effectiveness against major pest species.

e Determination of the economic threshold level/
spraving threshold levels of major pest species.

e Estimation of 1oxic residues of pesticides in
edible portions of the pulse crops.

o Adverse effects of pesticides on predators,
parasitoids, and pollinators.

o Integration of possible control measures into a
package againstthe major pests(si/pestcomplex.

o On-farm trials of the IPM packige before final
recommendation,

Successful implementation of the above programs
will require enough trained manpower, relevant fa-
cilities, interdisciplinary coordination, and international
collaboration,
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Control Measures for Important Insect Pests of Major Pulses

M. Mahbubur Rahman

Bangladesh Agricultural Research Institute, Joydebpur, Bangladesh

Abstract

The need-based application of insecticides on major pulses was identified as the major compenent of the
Integrated Pest Management program. Application of furadan 3G @ 33.0 kg ha’ controlled the vegetative
pests of cowpea (Vigna unguiculata (L.) Walp.), mung bean (Vigna radiata (L.) Wilczek), and black gram
(Vignamungo (L.} Hepper). But the control was profitable only at high levels of infesiation by palerucid
hectles (Madurasia obscurella Jacoby) and green jassids (Empoasca kerri Pruthiy. The application of
sumithion S0 EC @ (0.08% a.i. for the control of Eurchrysops cnejus when the egg number reached around
52m! crop row was most economical. In chickpea (Cicer arietinum L. the application of azodrin 40 EC
@ 0.05 % or dimethoate 40 EC @ 0.07 % or ripcord 10 EC @ 0.008 % offered good protection against
Helicoverpaarmigerawhen the infestation level was less than one larva or § damaged pods 2m' crop row.,
Inpigeonpea (Cajanus cajan (L) Millsp.y, foliar spravs of ripcord 10 EC @ 0.008 % or dimethoate 40 EC
@ 007 % at flowering or when egg number of Maruca reached 2 m' crop row and then repeated at 10-
15 days interval up to maturity offered the best protection. Nogos 100 EC @ 3 microlitre ke’ capucity
container heat treatmentwith hoiled water, and cold treatment ar 12-15°C for 10 min worked as excellent
disinfestants against pulse beetles (Callosobruchus chinensis Linn. and C. maculatus Fab.).  Neem,
linseed, mustard and coconut oils, and decis and sevin dusts were highly effective as grain protectants.
Earthen contatners with sealed lids or a top cover of sund or ash, or gunny bags lined with polythene

protecied the pulse seeds against bruchids.

Based on the available informat.on. Integrated Pest

Management (IPMi schemes for different pulses have been proposed.

Introduction

The major nsect pests effected pulse crops cause
substantial losses inyvield. In black gram (Vigna mungo
(L.yHepperyupto97% plants were found to be infested
by stem fly, 100% leaves by galerucid beetles
(Madurasia chscurella Jacoby), and 17% pads by pod
borers (BARI 1984a). Rahman (198%) found 43.4%
leaf infestation by green jassids (Empoasca kerri
Pruthi), 144 % galerucid beetles, and 47% pod intes-
tation by pod borers incowpea (Vigna unguiculata (L)
Walp.). Pod borers alone were reported to cause grain
losses of 136 kg ha ' in mung bean (Vigna radiara (L)
Wilczek), 191 kg ha ' incowpea (BART1986), and 400
kgha'inchickpea(CicerarietinemL.)Rahman 1989a).
In storage a maximum infestation level of Y8.4% in
mung bean, 72.97% in khesan (Lathyrus sativus L),

64.33% in chickpea, 46,48 in lentil (Lens culinaris
Medic.). 29.08% in biack gram, and 4.0% in fieldpea
(Piswm sativion subsp arvense) by pulse beetles
(Callosobruchus chinensis Linn. and C. maculatuy
Fab.) were registered after 6-8 months of storage t BARI
1983, 19844).

In spite of such losses caused by insect pests, pulse
growers, ingeneral, were highly reluctantto follow any
pest-control measure. However, recently, due to the
high prices of pulses and increased awareness, the
demand for pest-control methods is on the rise. During
dhe last few years. efforts have been made 1o develop
pest-control methods to meet the immediate needs. A
major emphasis has been givento the chemical-control
component of Integrated Pest Management (IPM),
while uther components, like cultural practices, vari-
etal resistance, and biological control agents have

Citation: BARI (Bangladesh Agricultural Resear: : Institute). 1991. Advances in Pulses Research in Bangladesh: proceedings of the Second
National Worksho)) on Pulses, 6-8 Jun 1989, Joydebpur, Bangladesh. Patancheru, A.P. 502 324, India: Intemnational Crops Research Institute for

the Semi-And Tropics.
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received little attention. However, studies on chemical
control  were designed in a way such that simuiti-
neously, much useful infunmation was generated for
use in designing IPM strategies for cowpea,  Fos
convenience, on the basis of similarity in pest prob-
lems, the information so far available is presented
under four groups: (1) black gram, mung bean, and
cowpea, (2) cnickpea. (3) pigeonpea, and (4) stored
pulses.

I¥M Components
Black Gram, Mung Bean, and Cowpea

Galerucid beetle, green jassids, bean stem fly
(Ophiomyia phaseoli Tryon), whitetly (Bennsia tubaci
G.), hairy caterpillar (Diacrisia obliqea Véalx), and
aphids (Aphis cruceivora Kochy intest the crop and the
seedling stage and continue 1o flowering, while blue
butterfly pod borer (Euchrvsops cnejus Fab.) and
spottd pod borer (Maruca testulalis Geyer) damage
flower buds. flowers, and pods of three crops. As a
control measure, several msecticides have been
evaduated with e objective of keeping the peat
population at the mirimum level with the minimun
application of insecticides at the propertime or stage of
the crop to obtain maximuin benetit (BARI 1686;
Rahman 1987, JORK, 1989,
mung bean. handpicking ana spot spraying against the
hairy caterptlar, plus a 1ohiar spray with methyl
parathion (0.29%) at a population fevel of 10 stem fly
Am ' croprow, 10 assids and whitefes plant f and also
e 5% leved of pod-borer infestation, was found to
increase the grain vield by 170 Xg ha ¥ over control.
However, the highest and most aceeptable cost-benefit
rdtio was obtained by controlling the pod borers with,
the application of sumithion 3 EC @ 0.24 at 54 level
of infestations (Table 1). Similariv, pod-borer control
through sumithion cpplication resulied inan aeeept-
able cost-benefit vatio although control ol the total pest
complex including pod borers increased the grain vield
by 220 kg Leetare ' in black gram {BAR! 1986). Like-
wise in cowpea, soil application of carboturan 1.5 kg
ha Usignificantly reduced the zab:rucid beetle infesta-
tion but the effects were not reflected in vield.

Sail application o furadan 3 EC @ 1.5 kg iti. ha!
Just prior to sowing followed by foliar application of
azodrin40 EC @ 0.074 at 50% flowering protected the
crop from a reduction it vield. while cowpea plants in
untreated plots were severeiv infested by green jassids
and galerucid beetles (Table 2). in another trial on

In such a study with
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need-based application of insecticides against the pod
borer in mung bean in 1987 at Joydebpur, it was found
that the spraying of fenitrothion (.15 when egg num-
ber reached about 5.2m ! crop row (0.21 egg plant™) or
at flowering and the second spray cither at an interval
of 15 days or at podding offered the highest cost-
benefit ratio (Rahman 1989a).

From the foregoing discussion it is clear that the
control of vegetative pests is possible through furadan
application but itis noi a profitable proposition until the
infestation level by green jassids und galerucid beetles
becomes high. The incidence of green jassids, galerucid
beetles and aphids is often high in cowpea and thus this
crop may need protection.

Chickpea

The cutworm (Agrotis ipsilon Hufn,) causes damage to
the seedlings while the pod borer (Helicoverpaarmigera
Hubn.) destrovs the foliage and pods, in panticular, and
poses the most serious problem in chickpea. A number
of local and intraduced lines have been sereened to
identify resistant varieties/lines against pod borers.
Irregular and nsufticient pest attack resulted in in-
consistent results across vears and locations, How-
ever, chickpea cultivars Sabur 4 and Nabin performed
consistently well in terms of resistance and grain yield.

Inan evdduation of management schedules against
Helicoverpa, monocrotophos @ 05% at flowering and
then repeated at an interval of 10 days oftered good
protection. The population was too low (1.25 larvae
m )y and caused 84 kg ha ' prain loss innontreated plots.
In another study during 1987/88, the author found that
azodrin 40 EC @ 0.05% or ripcord 10 EC @ 0.008%
or dimethoate 40 EC @ 0.07% applied when damage
level reached S damaged pods 2 m ! erop row also oft-
ered good protection. The population in this case a'so
was less than one larva m ' and it caused 3.5% pod
infestation in npntreated plots.  Thus the observed
population and the corresponding levels of pod infes-
tation and grain loss are inconsistent and do not tally
well with the findings of other workers  (Chaudhary
and Sharma 1982) who reported that the continuous
presence of even a single larva m' row during pod
formation could cause about 6.9% pod damage, 6.2%
grain loss, and 5.3% yicld loss. This was perhaps due
to the fow population, causing uneven distribution of
the pest in the crop.

The foregoing results suggest that for the successful
evaluation of insecticides/varieties, either the natural
population of flelicoverpa armigera  needs to be



Table 1. The effect of different doses of Sumithion in Integrated Pest Management (IPM) of mung bean, Joydebpur,
Bangladesh, 1985/86.

Seed Increased Seed Cost-
Yield Yield loss Benefit

Treatments (kgha') (kg ha') (kg ha'") ratio
T, 0.05% spray at 10 stem fly

4m! 562fg! 5 134ab 1.82
T, 0.2% spray at 10 stem fly

4m’! 573f 17 131ab 2.27
T,  0.5% spray at 10 stem 1y

4m’ 573f 17 129b 0.90
T,  Hand-picking and spot spray

against hairy caterpillar; 0.05%

Sumithion spray against jassids/

whitetly at 10 plant! 566g 10 133ab 0.38
T,  Hand-picking and spot spray

against hairy caterpillar; 0.2¢%

Sumithion spray against jassids/

whitefly at 10 plant ! S56fg 5 130 0.30
T, Hand-picking and spot spray

against hairy caterpillar; 0.5%

Sumithion spray against jassids/

whitetly o* 10 plant! 559fg 3 131ab 0.32
T.  0.05% Sumithion spray against

pod borer at 5% level of

infestation. 595d 38 63c 1.70
T, 0.2% Sumithion spray against

pod borer at 5% level of

infestation. 694b 138 28d 6.11
T, 0.5% Sumithion spray against

pod borer a1 5% level of

infestation, 698b 142 23d 2.53
T,, Carbofuran LOKkg a.i. ha'

0.05% Sumithion spray at 40,

50, 60 and 80 DAP. 628c 72 59¢ 0.69
T, (T, +T,+T) 648¢ 92 65¢ 233
T, (T,+T +T,) 7284 171 27d 379
T,, Nontreated Control 556p 136a

I. Values followed by the same letters within a column do not differ significantly from each other at the 0.05 level.
Source: BARI (1986).
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Table 2. Effects of insecticides on pest infestation and grain yield of cowpea, Joydebpur, Bangladesh, 1986/87.

Jassid
Leaf infestation % nymphs Pod infesta- Grain
10! tion by pod yield
Treatment' Beetle Jassid plants borer(%) (kg ha)
Control 14.4 433 942 47 96
Carbofuran 1.5 kg a.i.
ha! (Furadan 3G)a? +
monocroto phos 0.07%
(Azodrin 40 WSC) b 6.1 24 42 17 797
Monocrotophos 0.07%
{Azodrin 40 WSC)e 4.5 212 569 21 594
Dimethoate 0.07%
(Roger 40 WSCx 11.0 25.6 500 16 625
Diazinon 0.07%
(Diazinon 60 EC) 14.9 34.9 612 34 524
Cypermethrin 0.007%
(Ripcord 10 EC)e 59 16.2 500 16 625
Carbofuran 1.5 kg
ad. ha! 37 27 52 8 547
SE .33 1293 120 16.8 +33.55

1. Trade names of products used are in parentheses.
2. a Applied in furrows just prior to sowing
b Applied as foliar spray at flowering.

¢ Applied as folar spray at two-leaf stage and again at flowering

Source: Rahman (1988).

supplemented by artificial release or the studies should
be conducted under controlted conditions with artifi-
cial release of the pest. As such no conclusion regard-
ing the economic threshold level/spraying threshold
level for Helicoverpa armigera could be drawn under
our local conditions. However, a recommendation has
been made in India 1o apply insecticides against
Helicoverpa armigera when the larval population
reaches one larva m ! crop row (ESI 1981).

Pigeonpea
The pod-borer complex consisting of four species viz.,

spotted pod borer (Maruca testulalis), blue butterfly
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pad borer (Euchrysops cnejus), plume moth (Exelustis
atomosa Walsh), and podfly (Melunagromyza obtusa
Malloch), is a threat to the production of pigeonpei.
Among them, Marnca testulalis poses the most serious
problem. causing damage by boring into flower buds.
webbing Nowers and pods. and also fexding inside
pods.

Thirteeninsecticides have been tested for the control
of the pod-borercomplex. Decis, ripeord, or sumicidin
@ 0.008¢% applied at Nowering and again at podding
were effective (Rahman 1989b). Cypermethrin @
0.008% at flowering, 504 flowering, 100% flowering,
and 100% pod-set  gave complete protection to the
crop, even at a high level of pest population (Table 3).
In 1987/88, the author found that ripcord 0.008% a.i.



Tzble 3. Effect of cypermethrin and dimethoate on pod infestation and yield loss due to Maruca testulatis and on pod
bearing and grain yield in pigeonpea, Joydebpur, Bangledesh, 1987/88.

Damaged

Distinct clus- pods in % infesta-
Treatment ters made by cluster tion of
(No. of Marucua plot plot's pods by Avoidable  Cost-benefit
spray with on 31.12.87. on 31.12.67 Marucu Pods plant*  Grainyield  yield loss ratio
R&D) (No.D (no.) ond.288  on4.2.88 (no.) (that) (kgha")
T, 2-Ry? 6.50" 7.25bc 14.94¢d 18.48ab 1.84abc 414 4.36
T, (2-D¥ 14.00 21.50abe 16.26¢ 17.11b 1.59bc 168 354
T-‘ (3-R) 4.50¢ 9.0¢ 8.79¢ 19.10ab 2.30ab 871 6.12
T, (2-D) Y.25abc 2175w 11.78de 19.48ab 1.87abe 461 4.86
T, 2-D) 21.25ab 37.75ab 21.3%ab 16.00b 1.81bc 389 4.10
T, (4-R) 0 0 0.10f 35.57a 26la 118 6.23
T, (Control) 27.75a 48.00a 25.09a 15.74b 1.43¢

1. Data were analy zed after appropriate transtormations.

2. R: Ripeord 10 EC @ 0.008¢ a1, 1) Perfecthion 30 EC @ 0.08% a.i. applied at different times as per the set schedule.
3. Values followed by the same letters in each column are not significantly different from each other at the 0.05 level.

Source: Rahman and Ruhman (19893,

applied when 2 eggs of Maruca m' crop row we-e
observed and repeated after 10-135 days also gave full
protection to pigeonpea from the pod-borer complex.

Stored Pulses

All pulses are severely infested by bruchid beetles.
Mung hean, cowpea, pigeonpea, and chickpea are
infested by both the species while lentil is infested only
by C. chinensis, and black gram is infested only by C.
maculatus. In a laboratory study during 1988789, the
author found that the initial presence of four larvae or
egps or one pair of Callosobruchus sp could com-
nletely damage 10 g of the pulse grains within 2-4
months depending on the type of pulses, stage of
maturity. and species of the insect. Mung bean. cow-
pea, piaconpea, and femil required the least time. C.
clumensis was more devastating than C. maculatus.
Pulse seeds may contain some or all of the four
stagese.g.egp, larva, pupa.and adults of Callosobruchins
sp. Thus a combination of different measures that are
together effective againstcach of the above stages will
effectively protect the pulse grains in storage. The
results of some such studies are presented below.
Deltamethrin dust@ 3.0 ppm effectively protected
mung bean, chickpea, and lentil from the adults of
pulse beetles, (Rahman and Yadav 1985a, 1987).

Deltamethrin emulsion 20 mg m < on the surface of a
jute sack was effective for upto 180 days (Rahman and
Yadav 1985b). E. _ht ml of neem oil kg ' of chickpea
seed was the most economic concentration. causing
complete mortality of adults and also inhibiting ovipo-
sitionby adults of C. chinensis (Das 1986). Fumigation
by nogos 3.0 microlitre kg ' capacity container with 2-
5 days' exposure or heat treatment with boiled water
for 10 min, or cold treatment at -12.5°C for 48l or sun
drying for 22 h destroyed the four stages. Neemoil 10
mib kg grain was effective against all stages except
pupae and finseed oil of 10 mlkg ' grain was effective
against all stages except larvae and pupae infesting
mung bean. Out of Y treatments applied on cowpea
seeds containing 204 infestation and 5 pairs of adults
of C. maculas, fumigation by nogos, or heat reat-
mentorcoldtreatmentas mentioned above and followed
by storing in scaled polythene bags kept the seeds
completely free from any infestation while storage in
sealed polythene bags and tieatment with neem oil 10
ml kg'' grain offered Y5.2% grain protection, linseed
oil 10ml kg grain offered 90.7% , decis dust 3.0 ppm,
89.9% . and sevin dust 30 ppm, followed by storing in
sealed polythene bags offered 87.9% protection, as
against 92.4% grain infestation in control during 5
months of storage. None of the treatments affected the
germination of cowpea while heat treaiment for 10 min
by boiled water seriously affected germination inmung
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bean (Rahman 1989¢). Pulse grains stored in earthen
containers sealed with cowdung, coal tar, or gunny
bags with polythene lining and mud, remained free
from external infestation. A cover of a layer of sand
over the stored grains in carthen containers also pre-
vented external infestation of pulse beetles (BARI
1984b).

Proposed Control Schemes

Based on the indormation generated so far through our
studies and other available information (Dick 1987;
Lal et al. 1980: Lal 1985; Reed et al. 1981), the
following IPM schemes for different pulses have been
formulated for testing on a lurge scale.

Black Gram, Mung Bean, and Cowpea

Normally. there is no need for any control measure
against the vegetative pest complex.  However, if
severe infestationespecially by green jassids, galerucid
beetles. and hairy caterpillars is predicted. or has oc-
curred, the following should be adopted:

I. Furadan 33 kg ha'' may be applied in soil fur-
rows prior to sowing or when necessary. This
should ensure protection of the crop against the
vegetative pest complex including bean stem
fly. galerucid beetles, green jassids, aphids, and
whitefly up to 25-30 days. Otherwise, foliar
spray withripcord 1.0 ml litre'' water or azodrin
2.0 ml litre'! water at 2 weeks” interval may be
applied.

Hand-picking anc destroyiny egg masses or
clusters of star larvae of hairy caterpillars or
spotspraying them with leaycid or sumithion,
2.0ml litre”" water: foliar spray with sumithion
2.0 ml or ripcord 1.0 ml or dimethoate 2.0 ml
litre”! of water when eggs of Euchrysops num-
ber around 5 2m* crop row or at 50% flowering
and repeated at an interval of 2 weeks.

(5]

Chickpea

1. Dried leaves and debris must be removed, and
then big clods of mud should be pulverised
before sowing,

2. Mechanical control can be effected by search-
ing forand collecting cutworm caterpillars from
near the cutplants and destroying them,

3. The infested fields may be flooded for a short
time for controlling cutworm.

4. Basudin 10G 17.0kg ha' or diazinon 14 G 13.5
kgha' may be mixed with the soil before sowing
to prevent cutworm infestation.

5. Cultivars such as Subur 4 and S ! that perform
better against pod borers should be utilized.

6. A foliar spray may be done with sumithion 2.0
ml or azodrin 2.0 ml or ripcord 1.0 ml or
“.azinon 3.0 mt litre”! of water. The first spray is
applied when the larval population reaches one
or when the damage level reaches 5 pods 2'm
crop row or at 50% flowering and then repeated
atan interval of 2 weeks.

Pigeonpea

Since the crop can compensate for damage caused in
the early stages no control measure is required at the
vegetalive stage against the pod borer complex. A
foliarspray is applied withripcord 1.0 ml or dimethoate
2.0 ml or sumithion 3.0 ml litre ' of water. The first
spray is justat flowering, the second at 50% flowering,
the ihird at 100% flowering and the fourth spray is at
100% pod setting. When the egg number of Maruca
reaches 1 m™ of crop row, the first spray is applied, and
then repeated at an interval of 10-15 days up to matu-
rity.

Stored Pulses

The grains must be dried sufficiently to reduce the
moisture content as far as possible before storage. The
grains may be dried periodically a1 2-month intervals.

Grains should be stored in carthen containers with
sealed earthen lids or a top cover of sand or ash (7.5 cm
thick) or in gunny bags with polythene lining, and
closed *ightly.

Grains should be inspected prior to storing and also
acan interval of 2 months after storage, taking at least
Ssamples each of 10-100g depending onthe size of the
lot, using a probe.

If 4 eggs or 2 larvae or a pair of »dult pulse beetles
10g* seeds are observed, the control measures men-
tioned earlier should be adopted. Fumigation by nogos
3.0 ml kg' in an airtight container is recommended
with 5 days” exposure or heat treatment for 10 min by
boiled water or cold treatment at -12.5'C for 48 h or
grain treatment with neem oil or linseed oil 10 mi
kg grain, followed by storage in containers as men-
tioned above or in jute bags, provided the bag surface



is sprayed with decis 2.5 ml m" just after storage and
again at an intervals of 6 months,

Heat treatment for 10 min by boiled water is not
applicable for seed: of mung bean, black gram, and
lentil because of its adverse effect on their germinatior.
Sced treatment with decis dust 3 ppm or sevin dust 50
ppm at an interval of 4-5 months is recommended.

Discussion

M. A. Wahhab: Yau have used linseed oil and neem
oil to control stored grain pests. Did you try groundnut
oil?

M. M. Rahman: In my studies. | have not included
groundnut. However, other workers have studied the
efficacy of groundnut oils in controlling pulse beetles.
To e, the use of groundnut oils is not promising.

A. Islam: 1. You have suggested growing chickpea
cultivars Sabur4and S | (Nabin)to avoid pod borer. Dr
Shaikhalso suggestedthe use of chickpea cultivars like
Hyprosolato avoid pod borer. Have you studied which
is better among the cultivars - Sabur 4, Nabin, and
Hyprosola?

2. Inthe study of mung bean, you have shown a higher
cost-benefit ratio. Is 1t o1ly considering insect control
on variable cost basis?

M. M. Rahman: . | have studied the reactions of
several cultivars/lines including Sabur 4, S 1, and
Hyprosola. The performance of Sabur 4 and Nabin was
always better than Hyproscla. However, in some trials
Hyprosola also performed well. But in all cases, the
results were inconsistent because of sporadic and low
pest-population pressure. Thus, based on the studies
done so far, no conclusion regarding their resistance
could be drawn.

2. The cost-benefit ratio has been caleulated based on
the total costs of insecticides, labor, and equipment.

E. D. Magallona: The pyrethroid insecticides appear
10 be quite effective against the major pests of pulses,
I would just like 1o sound a waming about these
compounds. As a group, pyrethroids are notorious for
inducing the insect to develop resistance. Good er.-
amples are Helicoverpa armigera and Prodenia litura
in cotton and Plutella xylostella in cabbage. Maybe it
is the opportunc time for Bangladesh to adopt pesticide-
resistance management schemes directed primarily at
pyrethroid insecticides.

M. M. Rahman: Yes. I fully agree with the views of
Dr Magallona regarding the effect of pyrethroid in
inducing resistance ininsects. However, this is frue, 10
some extent, for other groups of insecticides too. Un-
forrunately, we do not have, at present, any basic
toxological data of any insecticide for any pest. So
comparative study 10 determine whether an insect has
developed resistance to a particular insecticide cannot
be done right now.

I agree with Dr Magallona that Bangladesh should
draw upa program for the study of pesticide-resistance
management. Such programs may be developed under
the Toxicology Laboratory of the Entomology Divi-
sion, BARI,

M. O. Islam: I have observed this year that late-sown
chickpea was badly damaged by Heliicoverpa, but the
same genotype sown atoptimum time was not affected.
Would you please explain?

M.M. Rahman: The chickpea sown at optimum time
avoided the time suitable for incidence of damaging
vopulation of Helicoverpa - this is simply an escape
mechanism.
flowered and set pods at this tme when Helicoverpa
appeared in large populations - this is simply a coingi-
dence of the suitable host stage and critical pest
population. However, this mechanism canalso help in
growing chickpea free of Helicoverpa infestation,

But in case of late sowing, the crop
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Present Status And Future of Postharvest Technological
Research on Pulses

M. Amiruzzaman and J.C. Shaha Chaudhury

Bangladesh Agricultural Research Institute, Joydebpur, Bangladesh

Abstract

Pulsesare attacked by insects and pathogens during storage and thereby lose their viability and consumer
acceptance. The postharvest technology project of BAR!, funded by IDRC, surveyed the farmers’ storage
conditions in Bangladesh during 1981-1984. 1t was found that as much as 64% infestation of chickpea
(Cicer arictinum L.), 35% of lentil (Lens culinaris Medic.). and 24% of mung bean (Vigna radiata (L.)
Wilczek), by bruchids occurred within first 3 months of storage. Twenty four pathogens were isolated from
the storable seeds. of which Altemaria sp, Cladosporium sp, and Curvularia sp, were predominant. Viability
of stored seeds was also reduced by 30% to 80% if the moisture content exceeded the safe level of 8% . High
rainfall and high humidity (90 ) in the 4 months of postrainy-season storage made them more vulnerable
to fungal attack: Tradir onal storage systems include kerosene tins, gunny bags, bamboo doles, earthen
pitchers (motka), etc. Research indicated that proper drving and storage of seed under one inch of ash
or sand helped better storage. Treatment of seeds with vegetable oils and leaves of neem and tobacco,
and use of improved containers greatly reduced damage during storage. The future line of work is

discussed in this paper .

Introduction

Pulses play a vital role in the diet of the people of

Bangladesh. This is due mainly to the fact that the
group constitutes the major source of protein for the
bulk of the population of the country. Unfortunately,
the crops suffer serious postharvest losses mainty from
inadequate storage, and inefficient drying and milling
procedures.

The Legumes Postharvest Technotogy Project is
the first of its kind on pulses in Bangladesh.  An
important feature of the project is that a number of
disciplines such as entomology, plant pathology,
agronomy, agricultural economics, and agricultural
engineering have beenapplied tothe various postharvest

studies. This multidisciplinary approach to surveys of

pest incidence, microbial association, seed viability,
and socioeconomic constraints to farmers’ methods of

pulse storage has produced considerable information.

Farmers in Bangladesh store their pulses in differ-
ent types of containers. There is hardly any scope for
effective sun-drying ef the agricultural produce during
the rainy scason when the mean relative humidity is
more than Y0%. This condition encourages the mul-
uiplication of insect pests and the development of
various fungi. The storage of already infested seeds or
seeds with highmoisture content, use of non-disinfested
containers/arcas, and the inability of farmers to adopt
effective protective measures against insect pests and
microorganisms, are the major factors contributing to
the spoilage of seeds in storage. This project therefore
aimed at determining the extent of losses incurred in
various methods of storage at the farmers” level and
developing appropriate methods of storage that can
casily be adopted by fanners.

Citation: BARI (Bangladesh Agricultural Research Institute). 1991. Advances in Pulses Research in Bangladesh: proceedings of the Second
National Workshop on Pulses, 6-8 Jun 1989, Joydebpur, Bangladerh. Patancheru, A.P. 502 324, India: International Crops Research Institute for

the Semi-Arid Tropics.
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Insect Pests of Pulses

Pest Incidence in Storage at tie Farm Level

Insects pests responsible for damage to stored pulses
are two species of Callosobruchus, ie., () Colloso-
bruchus chinensis(L.y.and Collosobruchus macudatus.
They are commonly known as pulse beetle and helong
to the family Bruchidae and the order Coleoptera. The
pulse beetle is a major pest causing heavy damage 1o
stored pulses.

Asurvey wascarriedoutat tive locations: Jamalpur,
Kishoregonj. Fewi, Ishwidi. and Jessore, 10 determine
the effectiveness of various containers used by farmers
against damage by pulse beetle 1o siv major pulses
during 8 months" storage at the farm level. Tn alimost
all cases, busic samples drawn from these tocations
prior to storing showed either no or - very low pest
infestation. This indicates that farmers in general ook
sutficient care ot their produce from harvest o storage.
At the end of 2 months” storage at Ishurdi, chickpea
(Cicer arietimon 1) stored in closed kerosene oil tins
suttered aloss of 63,04 while the percentage of infes-
tation an lentil (Lens culinaris Medic. stored in opet
drums but covered withash, was 34804 The infesta-
vonwas only .19 when lenul was stored inbamboo
made arry with the top covered by sand. Al samples
ot other pulses from Fenr, shurdie and Jessore were
infested to various extents,

The incidence of the msect during 610 8 months of

storage, however, varied from less than 196 10 Y8¢,
Seeds stored in covered metaflic containers, gunny
bags with pelvthene lining. carthen containers with

Table 1. Intensity of pulse-beetle infestation and losses
in stored chickpea seed treated with indigenous plant
materials, Ishurdi, Bangladesh, 1981/82.

Treatment Meun infestation Mean grain loss
10 (% )
Tobacco 3.064 1.15a
Neem 13.33b 4.43b
Biskatali 15.21b 6.20h
Nishinda 50.93¢ 2991¢
Control 64.51d 35.01d

1. Values followed by the same letters do not differ significantly at
the (.01 level.
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sealed mouths, bamboocontainers made locally known
as aury with the top covered with very dry sand, were
almost free from beetle infestation for the entire 8
months® storage period.

Seedsstored inearthencontainers or metallic drums
covered with sand, panny bags with pulyihene lining,
very tightly-packed gunny bags, plastic bags, metallic
pitchers with mud-sealed lids, or covered metallic
drums were almost free from beetle infestation during
the entire 6-month storage period. There was, how-
ever, considerable infestation in - lentil and chickpea
stored i carthen pots (norka) with ash, and open
carthen pots,

Control of Pulse Beetle
Plant materials

Indigenous plant materials having no hazardous effect
may offer protection against the pulse beetle. Two
axpertments were conducted to evaluate the effective-
ness of some indigenous plant materials against pulse
beetles. the tirst with stored chickpea and the second
withstored black gram (Vivna muneotl.y Hepperyand
Khesart tLathvrus sativis 1.0,

In the experiment with stored chickpea, 0.2 kg
dried and powdered leaves of cach of four indigenous
plants viz, tobacco (Nicotiana tabacum), neem
tAzadivac hiamdicay biskatali t Poly gonam serrudatumy
and weslunda, 4 iex nequndoy were throughly mixed
with 4 kg chickpea seeds and put in carthen pots.
Newly emerged heetles, 20 male and 20 female, were
After 3 months,  the
percentage of infestation was caleulated from random

released in ciach container.

samples,

In the experiments with black gram and Khesari,
neent, amarind CTamarimdus indicayr, and datura
(Datira fasiwosay were used as repellents. These ma-
terials were thoroughly dried and powdered. and 10 of
cach wis used as surtace topeovering tor | kg dry seed
twith 109 moisture contenty placed separately in 2-kg
glass jars. then 1O pairs of newly-emerged male and
female adult pulse beetles were introduced into each
Jar. The jars were hept inside a 22 mesh wire net
enclosure.  After 6 months in sStorage, insects, leaf
powder. and frass were sieved oft and the seeds were
reweighed.

Experiments with chickpea indicated that tobaceo
offered the maximum protection followed by neem,
hiskatali. and nishinda (Table 1), The trend of grain
foss was similar to that from infestation (BAR1 1982).



In the experiment with stored black gram and
khesari, results indicated that weight loss in black gram
seeds treated with neem and tamarind was significantly
lower than the control (Tuble 2). There was significantly
less weight loss in khesari seeds treated with neen leaf
powder. No significant differences in weight loss
were, however, observed wmong tamarind, datura, and
control treatments (BARI 1984).

Table 2. Effect of indigenous plant materials on the
weight loss caused by and Callosobruchus chinensis in
stored black gram and khesari seeds, Jamalpur, and
Kishoregonj, Bangladesh, 1983/84.

Black gram Khesan
Treatment Weight loss (%) Weight Toss (%)
Neem 0.35b! 1.23b
Tamarind 2.53ab 5.32
Datura §5.22a 6.25a
Control 5.40a 7.21a

1. Values followed by the same letters within a column do not
differ significantly at the (L01 level.

Salt water

500 cowpea (Vigna unguiculata (L.y Walp.) seeds were
thoroughly washed in warm water, salt water. and plain
water separately. dried in the sun, and then Kept in two
types of containers, polythene bags and clean tin pots
with lids. Pest incidences were determined from the
number of infested seeds after 7 months of storage.

Warm water, salt water, and plain water-treated
seeds stored in polythene bags were almost free from
pulse beetles (Table 3). Plain-water treatment was not
effective in controlling the pest when the seeds were
stored intinpots. Heavy insectintestation was observed
in nontreated seeds (controls) in both containers.

In the case of nontreated seeds. pest infestation
might have been initiated from fertile eggs adhering to
the seed coat. Itis very likely thatthe eggs in the treated
seeds were eliminated due to washing with water
(BARI 1983).

Edible oily

Some edible oils were assessed for their efficacy in

Table 3. Infestation of cowpea seeds treated with warm
water, plain water, and salt water, Feni, Bangladesh,
1982/83.

Inicstation (%)

Treatment

Polythene bag Tin pot
Warm water 0.46a 0.4a'
Plain water 5.73a 29.66a
Salt water 4,12 2.53a
Contro! 51.46b 72.6b

1. Values followed by same letters within a column differ do not
differ significantly at the 0.01 level.

controlling pulse beetles in seeds of chickpea., khesari,
lentil, and black gram stored in glass jars. Sceds were
treated with oils at the rate of 1O mlkg ' Three pairs of
newly emerged pulse beetles were introduced into each
glass jar. After 5 months pest incidence was deter-
mined. Alloilsused were highly effective in protecting
the sceds against pulse beetles (Table.d)

Relationship of Pulse Beetle, Fungal Incidence,
and Moisture Content

To determine safe seed-maisture level for storage,
fresh chickpea seeds with 8%, 129% . and 16% moisture
content were placed in airtight tin containers. Samples
were drawn after 6 months and examined for pest
incidence and fungal infestation, using the standard
blotter method,  Chickpea seeds with 8% moisture
content remained absolutely free from insect infesta-
tion, while those with 124 and 16% moisture showed
pulse-beetle infestation ranging from 16% 10 21.2%
(Table 5) (BARI 1984).  Aspergillus sp, Penicillium
sp. Alternaria sp.and Rhizopus sp. were the dominant
fungal species among the 12 genera recorded. These
storage fungi could not multiply at the 8% moisture
level. but could at 12% and 16% moisture. except
Alternaria sp. which declined at higher moisture levels
(Table 6) (BARF 1984).

Muaisture content and fungal incidence
The incidence of Aspergillus sp, did not increase ap-

preciably in seeds with 8% moisture content over the
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Table 4. Infestation (%) of pulses seeds treated with edible olls as protectants against pulse beetle, various locations

in Bangladesh, 1983/84.
Infestation (%)

Overall mean
Treatment Chickpea Khesari Lentil Black gram infestation (%)
Mustard oil 1.79 0.09 0.09 0.01 0.49a'
Soybean oil 0.03 0.04 0.94 0.04 0.26a
Coconut oil 3.2 0.00 0.13 0.01 0.84a
Control 97.31 92.94 38.08 12.74 60.26*

1. Values followed by the same letters do not differ significantly at the 0.01 level.

Table 5. Incidence of pulse beetle in stored chickpea seeds
with different moisture contents, Ishurdi, Bangladesh,
1983/84.

Treatment Mean infestation (%)
165 mousture 21.2a'
12% moisture 16.1a
8% moisture 0.0b

1. Values followed by the same letters do not differ signsficantly
at the 0.05 level.

storage period, while an incidence greater hy about
60% was recorded in seeds maintained at 12% mois-
ture, and 70% in those maintained at 16% moisture.
Similar behavior was shown bv the other two genera,
Incidence of Aliernaria sp. decreased drastically in
seeds with 12% or 16% moisture.

Initiation of Bruchid Infestation

In order to determine whether bruchid infestation in
stored pulses starts in the field, three 1000-pod samples
each from lentil and chickpea were randomly drawn
from the field. The first sample was taken at 21 days
before harvest. and the subseyuent ones at 7-day in-
tervals.
stages of the pest. particularly eggs, and then held in
plasiic jars, for the period needed for adult emergence.,

These pods were exanined for immature

Since there wans nosuchemergence. itelearly sindicated
that such infestation did not oceur in the field. To
determine whether bruchid infestation started at any
stage between harvestand storage, 200 g of fresh seeds
of lentil and khesari were dired in the sun for 6 h and
cach pulse was divided into two lots. Inone lot, dried
seeds were tightly tied in a cheesecloth bag, while
seeds of the other ot were kept exposed overnight,
after which both lots were dried inthe sun. Afterd days
of drying under exposed and protected conditions,
seeds were held in plastic jars covered with finely

Table 6. Fungal incidence in chickpea seeds stored at different moisture levels, Ishurdi, Bangladesh, 1983/84,

Fungal incidence (%) at

8% moisture

12% moisture 16% tnoisture

Fungi Initial Final Initial Final Inisal Final
Aspergillus sp 300 310 7.0 68.0 210 96.0
Alternaria sp 49.8 69.4 80.0 23 305 0.0

Penicillium sp 325 6.5 6.5 43.5 12.8 24.5
Rhizopus sp 0.0 58 0.0 4.3 0.0 37.0
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perforated lids and examined for pest emergence after
30 days. There was no adult pest observed in both
exposed and protected seeds of lentil, while in the
exposed khesart seeds, pest incidence was high. This
implies that khesari is the preferred host of the two
pulses and pest incidence started prior to storage.

Viability and Moisture Content

The program was initiated during 1981/82 with a
survey of farmers’ storage containers and types of
legume prestored at the five locations. Stored samples
of various pulses were drawn from selected farmers of
Jamalpur, Kishoregonj, Ishurdi, Jessore, and Feni.
These were analyzed for purity. germination, and
moisture content. No definite relationship could be
established between type of storage container and
viability, or between seed-moisture content and vi-
ability. Further studies undenaken the following year
identified several containers for storage. Earthen
pitchers with their tops covered with sand. polythene
bags covered with gunny, carthen pots (morkas), and
gunny bags with polythene lining proved eftective in
maitaining sced viability even after 8 months of
storage.

A separate study in the laboratory on the relation-
ship between physiological maturity (determined from
stable maximum grain weight attained at a certain
interval of time (days) after synthesis) and storability
showed that germination of stored samples of physi-
ologically mature seeds of lentil (30-32 days) and
khesari (36 days) indeed improved with the period in
storage. Incase of chickpea, stored seeds from the later
stages of maturity (42-46 days) continued to show
100% germination during the storage period. Further

studies were undertaken and results of these studies are
as follows:

1. Physiologically mature seeds of mung bean
(Vigna radiata (L.) Wilczek) and black gram
showed initial high germination (70%). How-
ever, for seeds harvested and stored during July
(the month of high rainfall), viability dropped
quickly to less than 10% by April (next sowing
time). Black gram showed comparatively bet-
ter storability than mung bean.
Physiologically mature seeds of chickpea con-
tinued to exhibit excellent germination (90%)
during the whole period of storage. Onthe other
hand, physiologically mature seeds of lentil
continued to show improvement in germination
during storage. (Itis primarily due to a decrease
in dormancy of hard-coated seeds with passage
of time during storage.)

3. Lentil seeds wiih initial moisture content be-
tween 7.4 to 10.2¢ and chickpea seeds with
initial moisture content between 8.8 to 12.8%
retained viability (80%) during storage simu-
lating the farmers® storage method. It took 9
days of sun-drying after haivest te reach a seed-
moisture content of 7.4% in lentil and 8.8% in
chickpea.

(&

Fungal Infestation in Stored Pulses

Heavy microbial infestation, especially by storage
molds, occurs particularly during the hot rainy scason
when drying is inadequate, iusects are present, or
stored grain is exposed to high humidity or seed rot.
The development of storage molds normally does not

Table 7. Seed-moisture content and germination of pulse seeds stored in different containers, various locations in

Bangladesh, 1982/83.
Khesari Chickpea Lentil
Moisture Germination Moisture Germinatiin Moisture  Germination

Container (%) (%) (%) (%) (%) tion (%)
Coal tar-coated motka 11.52 570 8.02 03 94 64.7
Polythene-lined motka 9.72 84.0 8.42 1.7 9.63 88.0
Kerosene tin 8.47 543 11.55 84.3 8.71 65.3
Traditional earthen motka 9.89 84.7 10.79 124 11.18 70.0
(control)
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take place when the moisture content of the stored grain
is below the umbient moisture content, i.e. equilibrium
with a relative humidity of 70%. Seed samples were
drawn every 2 months in the pulses survey and 2(X)
seeds from each sample were examined in the labora-
tory, using the standard blotter method.

A total of 25 fungal species belonging to 21 genera
were recorded from difterent pulses.  Fungi like
Alternariatenuis, Cladosporiun sp.and Curvidaria sp,
were found to be predominant in the initial samples,
Le., the samples which were drawn before storage.
These fungi gradually decreased with the storage pe-
riod. The incidences of Aspergillus, Penicillium, and
Rhizopus was more common in the samples which
were drawn after several months of storage.  The
incidence of storage molds was maximum during 4
months of storage, i.c. during the months of June, July,
and August when maximum rainfall occurred and
atmospheric humidity remained above 904,

Storage Problems and New Storage De-
vices

Storage of chickpea is an acute problem in our country.
Sceds lose their viability very quickly in storage.
Infestation by molds and insects is a major cause for
poor storability. Freshly harvested and dried chickpea
seeds with 8% moisture were stored 1 five types of
containers, viz, kerosene tins, earthen motka, plastic
bags. gunny bags, and bamboo dofe. Fitteen genera of
fungi were recorded from the stored seed. Alternaria
sp. and Cladosporium sp, were recorded as the major
fungi in initial samples, while Aspergilius sp. Penicil-
lium sp, and Rhizopus sp, were dominant atter the stor-
age period.

Development of Pulse Driers
Solar dryer

Assolardryer was designed and fabricated using locally
available materials. The dryer consists of a solar heat
collector, a drying bed, and a chimney. The dryer was
tested with 40 kg of khesari seeds. The seeds were
stirred at hourly intervals during drying. The tempera-
ture of the air leaving the collector increased by 11'C
to 13°C and the ambient temperature was 31"C 10 33°C.
Occassional stirring helped expose all seeds uniformly
to the heated air. Moisture content of the seeds was
reduced from 14% to Y% within 6 h of the operation,
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Dried seeds had 85% viability (BARI 1983). The unit
cost Tk 1000 in 1983,

Mechanical dryver wtilizing agriculiural waste as
heat source

A mechanical dryer with the capacity to dry up to 190
kg of pulses in a single batch consists of a furnace
where paddy husk is bumt to heat the incoming air, an
ash separator which separates ash carried by the heated
air.anaxial blower, and anopendrying bed. About 190
kg of black gram comtaining 18% moisture was dried
by the tabricated dryver to a moisture content of 9.7% in
5 h. The temperature of the drying air could be
controlled at 43"C - 45"C. About 21 kg of paddy husk
wis burnt to dry 190 kg of black gram. The cost of
diving 100 kg of black gram was Tk. 4.50. The
percentage of germination of the seeds afler drying was
found tobe 756 10 80% . Each unit of the dryer cost Tk.
Y000 (~ LISS270) in 1984,

Mechanical dryer with natural gas

This dryer was designed for pulses using natural gas as
aheatsource. With its three components (a furnace, an
axial blower. and a drying bed) the cost of this dryer
was only LSS J00.00. Tt can dry up to 190 kg of black
gram seeds i one hatch, 1t takes 3.5 h o reduce the
moisture content from 1910 114, and consumies 5,40
m' natural gas in this process. The costof drying 100
kg black gram seeds was Tk 0.53. The germination
percentage of the seeds dried in this process ranged
from 80 to 83, This drver can also be used for seeds of
ather crops like wheat. maize. ete. The air temperature
inside the dryer is maintained within the range of 42'C
to 48'C (BARI 1985).

Fabrication of Storage Containers

The traditional containers used by the farmers were
slightly modified e.g., motka with coaltar coating, motka
with polythene lining, and kerosene tin, and were
tested against the traditional motka. The fabricated
motka had a circular bottom with an open mouth used
for loading and unloading seeds. The outer surface of
the unit was coated with coal tar to make it impervious
to moisture. The mouth of the container was developed
to make it suitable for holding sealing materials. The
lid had a glass window measuring Sem x 2.5¢m for



regular checking of insect infestation or any other
deterioration that might occur during storage. The lid
was made airtight by plastering with mud or cowdung.
A similar motka was covered by polythene lining in-
side.

The kerosene tin is a tall rectangular container
made of GI sheet with a circular opening at the wp for
loading and unloading seeds. The lid of the container
is made airtight by sealing with cowdung or mud held
in a special device, as mentioned earlier. The wall of
the unit was painted to prevent rusting. It was provided
with a glass window to cheek damage of pulses during
storage. Chickpea, lentil, and khesan seeds were dried
well and stored in replicated containers. Seed samples
were drawn twice: the first sample before storage and
the second after 6 months of storage. The highest
incidence of molds was noticed in case of chichpea
seeds followed by Khesari and lentil. High infestation
by pulse beetle on chickpea and khesars seeds in some
containess might enhance the growth of molds. Some
inctdence of unidentitied bacteria was also noticed in
all the three Kinds of seeds. Inrespect of viability and
moldincidenee. the fabricated contamers. the herosene
tin, motka with polythene Tiung and motha with coal
tar coating were tound to be more pronising than
traditional carthern morka. Khesan seeds showed the
highest gernmnation percentage when stored in tradi-
tonal motka (84,74 tollowed by the polyvthene-lined
motka (84,09, In chnchpea, the lighest germination
pereentage (843 was abserved in the Rerosene un
container. Lentilseeds storcd inpolvthene-lined motka
showed the highest germination pereentage (8%).

Areas of Future Research

o Todevelop an inexpensive and simple thresher,

e To develop mexpensive and simple milling
devices.

e Further development. evaluation, and popular-
1zation of the fubnicated pulse driyers.

o Toevaluate the etfectiveness of traditional and
improved storage containers in controlling in-
seet pests, microbes, and maintaining viability
in pulse seeds during storage.

e Totesttheefficacy of indigenous plantand inert
materials 1o protect stored pulses trom insect
pests and microbial intestation.

e Todevelop inexpensive and simple method(s)
of detoxification of BOAA.

e Todevelopsimple methods for processing pulses

into various food products with higher nutri-
tional status.

e To investigate the guality of pulses stored for
seed and nonseed purposes.

e Toconduct sociveconomic surveys on the mar-
Keting system, methods of milling, quantities of
pulses stored by different catagories of farmers,
and on consumption pattern of khesari in some
selected areas.

e To demonstrate the new technologies at the
farm level to encourage  their adoption by
farmers.
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Discussion

MLP. Bharati: What was the inside and outside tem-
perature. and  the humidity in your storage experi-
ments?!

M. Amiruzzaman: It wis ambient temperature and
humidity torthe entire 6-month period. The temperature
and hunndity inside the storage containers were not
recorded because they were left in the farmers™ con-
ditions without disturbing anything.

M.O. Hyder: You have mentioned all the postharvest
steps up to miiling. But in my opinion it should also
include handling in marketing at the consumer level.

M. Amiruzzaman: Thatis correct. Evenattermilling,
handling. packaging, transportation. ete. should be
incfuded in postharvest technology,  But since our
programis primarily farmer-oriented. we have excluded
this part for the tme being.

MO, Istam: So far vou know that rice bran is bruchid
resistant due to the presence of some essential oils inits
seed coat. Do you have any plan to use the extract of

seed coat of rice bran as repellent?

M. Amiruzzaman: If that extract has the propenty of
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repeiling bruchid it should be included in our future
rescarch program.

M.R. Hoque: 1. Do you fecl that biochemical and
physiological aspects should be included in postharvest
technology?

2. Biochemical changes associated with storage, pro-
cessing cte. should come into the paper,

M. Amiruzzaman: 1. Biochemicalaspects should come
under postharvest technology. particularly the nutri-
tional aspects. Physiological aspects viz, seed physi-
ology. germinationcapacity., cte. are being locked after
by the seed technology section of the agronomy divi-
sion of BARI.

2. Since there was no study regarding biochemical
changes in storage, it could rot be reported in this
paper. Future progranys should include this imiportamt
aspect also.

G.A. Fakir: lsolation and identification of fungi tfrom
stored seeds have ot been done properly. Storage
fungicannot be isotated or detecied by standard blotter
methads. Salt-incorporated agar is the standard medium
used forisclationof storage fungi as these are osmophilic
fungi. Fungi like Alrernaria sp. Cladosporiunt sp,
Curvadaria sp.and Rbizopus sp, have been designated
as storage Tungis these are tield fungi. They are found
in sworage as saprophytes and do not cause any hirm to
the stored seeds. Similarly, Asperedius sp.and Peni-
cillinm sp.adentified as stored funzi, may not be so
because only a few of ahout 100 known species of cach
of these two genera belong to the storage group. These
few species of Aspergillus and Penicillium are re-
sponsible for reducing germination of stored secds and
producing mycotoxins. Sowithoutidentification st the
species level, one cannot designate Aspergiflus sp, and
Penicillim sp. as storage fungi. The species of As-
pergilius and Penicillium encountered by the authors
may simply be saprophytes carried from the tield or the
threshing floor. therefore feel that postharvest tech-
nology studies, particularly inrelation to storage fungi,
should be repeated to get a clear picture of harmful
fungi in stored seeds as appropriate techniques have
not been employed in isolating and identifying these.
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Pulses Seed Production and Distribution Program of the
Bangladesh Agricuitural Development Corporation

M. Mustafa Hussain
Bangladesh Apricultural Development Corporation, Dhaka, Bangladesh

Abstract

Bangladesh has so far achieved close to 90% self-sufficiency in cereals but the production of noncereal
crops like pulses and vilseeds has not kept pace with the population growth and has either remained
stagnant or has declined. While due importance has been given to the production of cereals, similar
emphasis on pulses is lacking. The per capita consumption of pulses in Bangladesh is only about 5.5 g
day’ whereas in India the present per capita consumption is45 g day'!, which is considered to be low. The
Bangladesh Agricultural Development Corporation (BADC) was set up to bring about a major and quick
breakthrough in the agricultural development by production, procurement, and supply of agricultural
inputs and by promoting modern technology. During the second Five-Year Plan period (1981-85) BADC
undertook a scheme to produce foundation and certified seed of pulses and oilseeds. Very little was
achieved during this period. At the request of the Government of Bangladesh the Canadian International
Development Agency (CIDA) sponsored a feasibility study in 1984185 for a crop-diversification program
and concluded that sucha project based on pulses, potatoes, and oilseeds would help increase production
of these crops. The BADC proposed to operate the pulses and oilseeds project under this program in the
third plan period (1987-92) with specific objectives. It is expected that the project will be implemented

soon.

Introduction

Bangladesh has achieved close to 90% self-sutficiency
in cercals, predominantly rice and wheat. The pro-
duction of noncereal crops however, has remained
either stagnant or has declined, resulting ina suhstantial
decline in the general nutrition of the country’s popu-
lation. The present consumption of pulses in our
country is only about 5.5 g day ' per person as against
the FAO/WHO recommended minimum pulse intake
of 80 g day' per capita. )
The Bangladesh Agricultural Development Corpo-
ration (BADC) was established in 1962 to bring about
a major and quick breakthrough in agricultural devel-
opment by production, procurement, and supply of
agricultural inputs like seeds, fertilizer, and irrigation
facilities, and promotion of modem technology. Con-

siderable progress was made in the production of
cercals like rice and wheat but pulses were neglected
till 1980, until the establishment of the pulses and
oilseeds scheme in the second Five-Year Plan period.

During the Second Five-Year Plan (1981-85) a
scheme titled “Multiplication of pulses and oilseeds in
Bangladesh" was undertaken by BADC in 1980 for the
first time to produce and distribute foundation and
certified seeds of pulses and oilseeds in order to raise
the yield levels of these crops. Of the pulses. chickpea
(CicerarietinumL.)and mung bean (Vigna radiata (L.)
Wilczek), and among the oil crops, mustard (Brassica
campestris L.), rape seed (Brassica napus L.), and
groundnut (Arachis hypogaea L..) were taken up for
production by BADC. But very little was achieved
under the project.
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System ot Seed Production

The National Seed Board recognized three classes of
seed based on genetic identity and verified purity.
BADC produces and distributes only foundation and
certified seeds.

Production of Foundation Seed

The pulses and oilseeds project of BADC has three
foundation seed farms, a 20-ha farm at Amjhupi,
Meherpur, a 12-ha farm at Tebunia, Pabna, and a 3-ha
farm at Faridpur for the production of oilseeds and
pulses.

The Bangladesh Agricultural Research Institute
(BARI), Joydebpur and the Bangladesh Institute of
Nuclear Agriculure (BINA), Mymensingh are re-
sponsible for the production, processing, preservation.
and supply of breeders® seed of pulses, as well as for
maintenance breeding. The concerned plant breeders/
organizations are required tosupply the seed-producing
agency with an indented quantity of breeders’ seed. In
principle. foundation seed is required to be produced in
the foundation-seed multiplication farm (FSMF) of the
pulses and oilseeds project out of breeders” seed. If for
s me reason brezders” seed is not available from the
concermed breedersorganizations, then the best seed
available with BADC is utilized for the production of
toundation seed.

The target for production of foundation seed is
fixed in advance of the actual requirement by the
Member Director (Seed), BADC. The Project Director
(Pulses and Oilseeds) maintains close liaison and sub-
mits indents for breeders’ seed to the primary agri-
cultural research institutes/breeders. The Pulses and
Oilseeds Division collzcts breeders' seed and transports
it10 the foundation-seed farms, in conformity with the
national target for seed production. On receipt of the
breeders™ seed, agronomists at the foundation-seed
farms grow the same with special care. The Project
Director (Pulses and Oilseeds) arranges to examine the
foundation-seed plots with the help of a field inspec-
tioncommittee (FIC) constituted from the headquarters
by the Member-Director (Seed), BADC and accepts
the seed plots which iaeet the prescribed standards.
The seed agronomist harvests, threshes, dries, and
cleans the seed from the accepted seed plots with greal
care. Seeds are tested for germination, purity, and
moisture. The secd lots which meet the procurement
standard are preserved in the respective foundation-
seed farm’s pulses and oilseeds processing centres.
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Periodic drying and tes:ing are done in the storage
centres.

The lots of stored foundation seeds are offered to
the seed agronomist, Central Seeds Testing Laboratory,
BADC, Dhaka for testing. Seeds of only the accepted
seed lots of prescribed standards are packed, labeled,
and tagged for distribution as foundation seed.

Production of Certified Seed

The seed produced from the foundation seed is known
as certified seed. Centified sced is also produced from
the first generation of centified seed/first-class certified
seed in case of shortage of foundation seed. Certified
seed is meant for distribution to farmers in general.

The production, processing, and preservation of
certified seed is controlled by the Pulses and Oilseeds
Division under the Member-Director (Seed), BADC.
The Divisional Headquarters is in Dhaka and is man-
aged by the Project Director (Pulses and Oilseeds),
Deputy Director, and Assistant Directors.

The target for production of certified seed of pulses
is fixed by the Member-Director (Seed) one season in
advance of the requirement. The following factors are
taken into consideration when the target is fixed:

I. pastdistribution trend of seeds by variety;

2. indent of seed from Regional Manager (Seed)
and Department of Agricultural Extension;

3. scheme provision for the distribution of certified
seed; and

4. stock of carry-over seed, if any.

The production of certified seed of pulses is made
in the Foundation Pulses and Qilseeds Farms, Seed
Multiplication Farms, and Jute-Seed Multiplication
Farms.

Quality Control System of Seed

Pulses seed has not yet been included in the cenificate
program of the Seed Certification Agency. However,
to ensure supply of quality seed BADC has formed a
system of quality control of its own which includes
ficld inspection, testing, and labeling by assigned
personnel of the corporation.

Processing, Preservation, and Packing of Seed

The certified-seed plots of pulses are inspected by a



Field Inspection Committee formed by :he Member-
Director (Seed). The accepted plots are harvested,
threshed, cleaned, and dried by the respective officers.
Onthe basis of a lifting program issued by the Member-
Director (Seed) and the Seed Agronomist, the Seed
Processing Centres lift only the seed which conforms
to the specified quatity.

The seeds are processed and stored in the Secd
Processing Centres. Before sowing begins these seeds
are offered to the Central Seed Testing Laboratory of
BADC for testing and only the seed from the accepted
lots is packed, labeled, and tagged for distribution as
certified seed.

Seed Distribution and Sale

According 1o the distribution program issued from the
headquarters, the seed agronomist despatches the seed
1o the Regional Manager (Seed), BADC. The seed is
sold from the sced sale center directly to furmers on a

Table 1. Production, procurement, and distribution
figures of pulses seeds, Bangladesh, 1980-87.

Quantity
received
Produciion Procurement inthe  Quantity

Production target quantity  district distributed
year () (1) (1) (t)
1980/81 69.04 16.79 Nil Nil
1981782 380.37 55.20 Nil Nil
1982/83 314.80 23.89 23.83 21.79
1983784 129.20 7.59 33.78 11.30
1984/85 120.00 6.28 3.96 1.54
1985786 12.00 5.19 35.53 28.15
1986787 7.50 8.15 6.32 A.16
1987/88 15.00 2.18 6.81 5.81

first-comefirst-served basis at the rate fixed by the
headquarters,

Availability and Distribution of Pulses Seed

So far a very small quantity of pulses seed has been
produced and distributed to farmers. The quantity of
seeds made available and seed sold is given in Table 1.
Projections up to 1992 are given in Table 2.

Linkage with Research and Extension

As stated earlier the development and relcase of suit-
able cultivars as well as supply of breeders® seed to the
Seed Production Agency is the responsibility of the
research breeder. Motivating farmers to grow new
cultivars through demonstration and o disseminate
modern agricultural technology is the responsibility of
the Extension Department.

Varietal Development and Acceptabilits " y
Farmers

A limited number of improved cultivars of pulses have
so far been released. In chickpea one cultivar,
Hyprosola, was dzveloped by BINA and releasced in
1982. The cultivar has small seed (100-seed mass 7.6
g) and is not popular among farmers. The other
chickpea cultivar Nabin was released by BARI in 1987.
This cultivar has been found to be susceptible to collar
rot and botrytis gray mold.

In the case of mung bean, the cultivar Mubarik
which was released by BARI in 1982 has become
susceptible to yellow mosaic virus and its seed pro-
duction has been stopped by BADC. The other mung
bean cultivar Kanti which is specially recommended
for the late monsoon (kharif-2) season to be grown as

Table 2. Physical Productior: Program for pulses as per Project ™an, Bangladesh, 1987-92,

Annual phasing of seed production (1)

Type of Seed 1987/88 1988/89 1989/90 199091 199192 Total
Breeder Seed 0.80 0.90 1.00 1.00 1.00 4.70
Foundation Seed 12.00 14.00 17.00 18.00 18.00 79.00
Certificd Seed - 300.00 375.00 450.00 525.00 1650.00




a cash crop between the rai.'y and postrainy season, is
yet to be tested and accepted by farmers.

Finally it may be said that the release of some good
cultivars is urgently required for all pulses,

Pulses and Oilseeds Project Under Crop
Diversification Program

Taking into view the problems faced during the second
plun period and the experience gathered, the “Pulses
and Oilseed Project under Crop Diversification Program
(CDP)” was proposed 1o operate in the Third Plan
period (1987-92) with the objectives mentioned below:

1. To build up foundation seed stock.

2. To multiply foundation seed through contract
growers and to produce certified seed.

3. Tocreate facilities for processing and preserv-
ing pulses and oilseeds a1 processing plants.

4. Todevelop contract growers’ zones and trans-
fer modern seed-production technology to the
contract growers.

5. Toselectsuitable cultivars through observational
trials on short-term basis at Foundation Seed
Farms.

6.  To supply modemn cultivars of pulses and oil-
seeds to the farmers in order to increase the
national production of pulses and oil crops.

The physical program for production of foundation
and certified sced as envisaged in the project proforma
in the 1987-92 period is given in Table 3.

Implementation of the Project

The plan is to produce foundation-seed in four founda-

tion-seed farms and certified seed in four contract
growers’ zones. The processing and preservation of
seed will take place in four processing centers. All the
establishments mentioned are to be managed by the oil
and pulses seed project of BADC.

Though this project was supposed to begin in 1987/
88, administrative problems have delayed its imple-
mentation. But it is expected that from 1989/90, work
will start in full swing,

Conclusion

The progress in the production and distribution of the
pulses seed is slow. This is due 1o the release of a
limited number of improved cultivars of pulses and
lack of knowledge on the part of the farmers about the
already released cultivars, as aresult of poor extension
work. Unless some good high-yielding cultivars of
pulses are released and popularized among the farmers
by extensive extension work, ihe situation cannot be
improved. To make a real breakthrough in pulses
production in the country, the Crop Diversification
Program, which takes into consideration the activities
of BARI, DAE, BADC, and agricultural marketing as
a whole should be implemented very quickly.

Discussion

J. Kumar: How much seed of the chickpea cultivar
Nabin, mung bean cultivar Kanti, and black gram
cultivar MAK | can be :nade available by the
Bangladesh Agricultural Research Council (BARC)in
the next season?

M. M. Hussain: We have the following quantities:
Nabin - 16 t, Kanti - 4 1, and MAK 1 - Nil.

Table 3. Present and proposed farms and facilities for the production of pulses and oilseeds foundation seed, Bangladesh,

1989.

Numbers proposed
in project proforma

Name of establishment

Present position

Foundation Oil and Pulses Seed Farm 4
Oil and Pulses Processing Centre 4
Oil and Pulses Contract Growers’ Zone 4

3 farms established. Require development of future
physical facilities.

Only one established and in operation. Further
development required.

4 contract growers' zones just established. Personnel
are yet to be posted.
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A, Sarker: You have mentioned that about 32% seeds
of the improved cultivars are still unsold. Is this due to
the high price or are other factors responsible?

M. M. Hussain: No, not high prices alone. The selling
price is fixed at a reasonable level. Cultivars like
Mubarik and Hyprosola are not known to the farmers.
In other words the cultivars supplied are not popular at
the farmers’ level, so the seeds remain unsold.

G. A. Fakir: Foundation and certified seeds of pulses
should be tested and certified for quality by the Seed
Certification Agency. Considering the imiportance of
seed quality for successful seed production in the
country, this program should be started as soon as
possible by the Seed Certification Agency. BADC
may however test their seeds themselves for their own
satisfaction.

M. M. Hussain: | completely agree with Dr G.A.
1 akir's proposal. BADC is already testing the seeds. It
is expected that as soon as SCA has the required
manpower and facilities, they will take seeds of oilseeds
and pulses in their certification program.

A. Islam: Would you please state how large a seed-
production plan you have for Kanti during the late
monsoon season of 1989,

M. M. Hussain: It is expected that about 3 t of Kanti
seed will be produced.
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Future Extension Strategies on Pulses

A.K.M. Anwarul Kibria

Field Service Division, Department of Agricultural Extension, Dhaka, Bangladesh

Abstract

Pulses have always played an important role in the agriculture of Bangladesh. Their importance is due
1o the fact that they can provide pro-ein to those who cannot afford to obtain it from animal sources. They
are an important component of rice-based cropping systems. In spite of these facts, the area devoted io
pulses and the total output have declined in recent years because of competition for land, and lack of high-
yixlding cultivars, suitable technology packages and support services. Unless the status of pulses is
changed from subsistence crops to cash crops substantial increases in production are not possible. A
scheme called the Crop Diversification Project (CDP) has been launched to strengthen research, seed
production, extension services, and credit and marketing channels to help increase pulses area and
productivity. This paper describes the CDP and future extension strategies for pulses in Bangladesh.

Introduction

A large number of pulse crops are grown in Bangladesh,
including chickpea (Cicer arietinum L.), khesari
(Lathyrus sativus L.), black gram (Vigna mungo (L.)
Hepper), lentil{Lens culinaris Medic.), ficldpea (Pisum
sativi. a1 subsp arvense) and mung bean (Vigne radiata
(L..) Wilczek). Of the total area planted to pulses khesari
constitutes 30%, lentil 25%, and chickpea 20%. The
area under pulses averaged 300 000 ha in the last 5
years. Yields hav~ also experienced a significant
=cline from a mean of 735 kg ha' in the mid 70s to
675 kg ha''in the past few years. The total production
has declined from 220 000 t in the mid 70s to 212 000
tin 1982,

In recent years, the ares devoted to these crops
accounted for about 2.3% of the tolal cropped area
(Table 1). Almost all the pulses are grown in winter.
There is hardly any summer pulse crop to fit into the
existing cropping pattern.

Pulses are grovn in almost all the districts of
Bangiadesh. However, some districts ¢re more
prominent than others. The most impor.ant are:

o  Greater Pabna for khesari, black grar., chickpea,
lentil, and ficldpea;

Table 1. Percentage of cultivated area occupled by
major crops in Bangladesh, 1985,

Percentage (%)

Crop of area
Food Grains 83.8
Jute 4.3
Pulses 23
Oilseeds 2.3
Tubers 1.3
Others 6.0

Source: BBS (1986).

Greater Rajshahi for khesari and mung bean;
Greater Jessore for chickpea and lentil;
Greater Faridpur for chickpea, lentil, ficldpea,
mung bean, black gram, and khesari; and

®  Greater Kushtia for chickpea and lentil.

Despite the wide geographical dispersion, the first
four districts account for more than 50% of the pro-
duction of a given pulse crop. The more importan:

Citation: BARI (Bungladesh Agricultural Research Institute). 1991. Advances in Pulses Research in Bangladesh: proceedings of the Second
National Workshop on Pulses, 6-8 Jun 1989, Joydebpur, Bangladesh. Patancheru, A.P. 502 324, India: Intemational Crops Research Institute for

the Semi-Arid Tropics.
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districts are in the western and west-central parts of the
country. With the greatest emphasis on winter cereal
crops, i.e.. wheat and irrigated hore (winter) rice, the
pulses have been pushed onto marginal land.

Pulses are grown almost entirely in the winter dry
season, when they have to compete with a wide range
of alternative crops. Increased area under irrigated
upland high-yielding varieties (HY Vs)of hororice and
wheat has been a significant factor in the reduction of
the pulse area. Unless the economic relationship
between the pulses and other winter crops changes
drastically, only summer pulse varieties may hold
promise — provided they can show an economic
superiority over aus (rainfed) rice.

Issues Affecting Prospects for Greater Pulse
Production

Competition for land

There is acute competition for land during the winter
season, a factor which underlies the marked decline in
the area devoted to pulses in recent years. Although
there is scope for summer pulses there are no appropri-
ate cultivars,

Lack of high-vielding cultivary

A breakthrough in pulses production is possible if
HYVs are evolved. These should be economically
competitive with the alternative crops grown during
the same period. The ability to match and exceed the
economic advantage of HYVs of rice and wheat is
crucial for taking up a massive pulse-production pro-
gram.

Suitable technology puckage

A suitable technology package is yet 1o be made
available to enable higher production with the tradi-
tional winter pulses. The results of whatever research
has been undertaken in the area have not been packaged
or made ready for transmission by extension. Farmers
need such packages.

Provision of support services

Expansion of pulses will require the develcpment of
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adequate seed supply, and sufficient credit for inputs
on casy terms. The availability of a low-cost, small
irrigation device is an important feature that will con-
tribute to the improvement of unit production.

Subsistence cultivation

Pulses are largely viewed as subsistence crops by most
farmers.  Changing the stawes of these crops from
subsistence crops to cash crops is one of the major
challenges facing the extension workers and planners
who aim at substantial increases in pulses production.

Consumption

Consumption of pulses. on a per capita basis, has
declined markedly in the last few years. The percapita
daily intake has fallen from 11 g in the carly 60s 0 8 ¢
in the mid 70s to about 6 g now. There is a strong
consensus that pulses no longer play a substantive role
in the diet of many Bangladeshis and consumption is
now restricted mainly to farmers growing these crops
and to urban residents,

Extension Strategies on Pulses

The tact that declining pulses production has seriously
threatened the protein intake and health of the
Bangladesh people has been considered and a scheme
catled the Crop Diversitication Project (CDP)has been
launched. primarily for areas known to be prominentin
pulses cultivation. This involves the promotion of
pulses cultivation through intensive training supports
and demonstrations (Table 2). The project is designed
1o address the following issues:

o Low and uncertain returns from cultivation of

traditional pulse varieties:

Subsistence nature of pulses cultivation;

Competition for land from other crops;

Toxic effects of khesari

The declining role of pulses in the diet, and its

implication for nutrition;

o Lack of HY Vs for winter pulses and non-avail-
ability of summer pul<es; and

e Lack of institutional credit for pulses.

The analysis of the issues and their implications for
increasing production has resulted in the identification
of three primary themes for the pulses project.



Table 2. CDP supports to disseminate pulses-production technology in Bangladesh up to 1992.

Activity

No. of units

Organizing field demonstration plots

Training of

a) E ctension agents/supervisors on production technologies.

b) Contract farmers.

Organizing field days to disseminate the production
technologies.

Providing audiovisual equipment.

1900 (spread over 5 years)

11925
85 000

(spread over 5 years)
(spread over 5 years)

1 890

362 (different types)

1. increasing the area planted to pulses, (Table 3),
2. increasing productivity, and
3. increasing consumption and markets.

These themes are not independent but they repre-
sentelearly identifiable elements thatean be monitored
and evaluated to reflect the success of the project.

Addressing the isssues affecting increased pro-
duction provides the opportunity for project initiatives

Table 3. Crop area and fallow land in different months
of the year in Bangladesh, 1984.

Crop hectareage Fallow land

Month (*000 ha) (*000 ha)
January 2915 6.235
February 2902 6.248
March 3.757 5.393
April 5.231 3919
May 6.154 2,996
June 6.207 2,943
July 6.316 2.834
August 6.377 27713
September 6.437 2713
October 6.988 2.162
November 1.097 2.053
December 4.551 4.599

Total 64.811 44.867

Source: BBS (1986).

in a number of areas. The major emphases are on:

irrigating suitable fallow land,
ensuring supply of inputs to farmers,
research.

seed production,

extension service, and

increasing consumption and market.

The CDP for pulses aims at strengthening the
linkage among the Bangladesh Agricultural Research
Institute (BARID), Bangladesh Agriculural Develop-
ment Corporation-(BADC), and the Department of
Agriculural Extension (DAE). The element would
involve anaugmented and enriched extension program,
directed towards client farmers in the selected areas.
The national Travel and Visit (T&V) system of ex-
tension service will operate on this program. There are
a number of activities involved in the program imple-
mentation. Basic among these are: (i) establishing a
strong linkage between CDP rescarch and extension,
(i) organising seminars, (i} development of audio-
visual aids. newsletters, and extension manuals, (1v)
development of extension workers on pulse-production
technologies, (v) provision of operational supports o
extension, (vi) developing and transmitting radio pro-
grams, (vii) establishing demonstration plots in the
target areas, and (viii) familiarizing target farmers with
the latest production technology developed through
research,

Irrigation Support

Early or late sowing of pulses as is generally done with
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uncertain moisture availability, may result in farmers
deciding not 1o cultivate these crops, but a small
amount of irrigation will ensure that pulsesare sown on
time. Therefore, the pulses CDP aims to provide hand
tube wells (HTWSs) to target farmers in order to in-
crease higher input practices in pulses cultivation.

Production

The pulses CDP projects an additional production of

132 000 t by 1995. The current production of pulses
allows for a per capita daily consumption of pulses of
about 6 g. This is only a fraction of the requirement, in
contrastto45 ginlndia. A projection of the production
requirement based on the estimated per capita daily
consumption is shown in Table 4 (in the year 2000,
based on a population of 141 million).

The production target of 400 000 t of pulses will
allow only a marginal increase in per capita daily
consumption of pulses in Bangladesh to perhaps 7 ga
day, by the end of the century.

Table 4. Production targets in terms of per capita consumption'.

Production Pulses (*000 1) required in 2000 to achieve per capita daily consumption of

in 1981

(000 1) 6g 9g 12g 15g 18 ¢
216 350 525 700 875 1050

1. Population of 141 million.

Table 5. Pulses development in crop diversification project of Bangladesh, 1987,

Verifiable
indicators

Assumption

Project goal

To improve the nutritional
condition,

Project Purpose

To increase pulses production
and consumption,

Outputs
i) Increased pulses area

under production from
seasonally fallow land.

by 1995.

i1) Increased national
pulses mean yields.

iii) Increased pulses
consumption and
markels.

To increase protein quantity, calories, fat,
and carbohydrates for consumption.

Production of pulses will increase by
130 000 (57% higher than the 1985 base).

i) 106 000 ha (32% increase)

ii) 19% increase by 1995.

iii) Annual per capita consumption of
pulses increased from 2.0 kg
capita* to 2.5 kg capita' by 1995,

Domestic production is a desirable
means of achieving the goal.

Production will be consumed within
the country.

i) Anractive price incentive

ii) Inclusion of Pulses in the GOB
food procurement program.

iii) Improved varieties will be
developed.
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Increase Pulsea Production In

Bangladesh
. f 1
Increase
Increase Pulses Increase Pulses
Area From Fallow Pulses Yield Consumption
and Marketing
I—J—l [ I ]
Irrigate Provide Conduct and | | Produce Provide
pulses on inputs to evaluate certified, clean | | quality
suitable puises appropriate pulses seed extension
fallow with growers pulses in pulses
appropriate research
technology
¢ Designate ® Secure ® Establish ® Establish ® Establish ® Research
target access to pulse pulse pulses and
fallow. credit for research quality extension develop
growers. unit. control. unit in DAE. appropriate
postharvest
technology.
® |nstal ® Establish ® Train ® Produce ® Train ® Promote
hand tube  network of research certified extension public con-
wells in private seed staff. seed. workers. sumption.
target and inputs
areas. distributors.
® Promote ® Complete ® Strengthen ® Provide ® Develop
and sell testing, Seed pulses domestic
new seed purification Certification  extensionto  market for
varieties and  and selection Agency. farmers. pulses.
technology of local
packages. varieties.
e Conduct
agronomic
studies and
hybridization
program,
® Produce
breeder seed
for BADC.
9 Develop
technology
packages for
pulses.

Figure 1. Pulses development work breakdown structure.
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Extension Programming

Reorganization of the DAE has resulted in the expan-
sion of its focus to include all crops. In the case of
pulses, special attention has been given 1o deveiop
extension messages appropriate for the crop under the
CDP. A model tor the Project Frumework is shown in
Table 5. The work breakdown of the project has been
done in Figure 1. The existing organizational set-up of
DAE with specialist support at the national level has
been entrusted with the execution of the project.

Discussion

M.M. Rahman: [ understand that DAE conducted o
farmers” tield demonstration of the chickpea cultivar
Nabin. Could youkindly provide us with some results
of these trials with vour comments?

A.K.MAL Kibria: [tis very encouraging. The mean
yield ha ' is about three times more than the national
mean.

M.A. Khaleque: In Table 3 it has been mentioned that
S to 15% fallow land is available during November -
April. Have you any statistics about how much of the
fallow land is suitable for pulses production?

A.K.MLAL Kibria: No. But we believe that there will
be revnroblem tor such fand availability if irrigation is
provided.

G.AL Fakir: Can we not accommodate pulses in the
fallow land during December - March with irrigation
without affecting horo nce?

A.K.M AL Kibria: Without HY Vs of pulses there is no
room for such a proposition.

D.G. Faris: The connection of extensions in CDP
looks very exciting. However, there is one area that
does notcome out elearly and thatis interaction between
research-extension-farmer in developing an appropri-
ate package that will be accepted or adopted by farm-
ers. There needs tobe animmediate start using existing
aricties and technology with researchers and adopting
them to farmers™ needs. Can you please comment on
such an immediate start-up of extension?

AK.M.A, Kibria: T & V is our national extension
systenwith few modifications from Dr Benor's model.
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Therce are very strong links between District Technical
Committee (DTC), Regional Technical Commiittee
(RTC)and National Technical Coordination Committee
(NTCC), and extension.

A. Razzaque: Atpresent we donot have good varieties
of pulses and no package of production technology.
But through implementation of CDP, you are going to
increase the per capita consumption of pulses from 6 g
1o I8 g. How can this be achieved?

A.K.MLA. Kibria: The CDP projects an increase in
production to the extent of 18 g by 1995, This is very
ambitious. The productionavailability is just tomaintain
the present level at the end of the project.
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Sccioeconomic Constraints Limiting Pulses Production
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Abstract

The constant decline in the per capita availability of pulses has been a concern of policy makers,
researchers, and consumers.  Presently pulses are produced at the subsistence level with the bare
minimum of modern inputs. Low yields, lack of good-quality seeds, and incidence of pests and diseases
are major constraints to increased pulses production. Pulses grain moves from growers in the primary
market, to the beparis (traders) and aratdars (wholesalers) in the secondary market, to processors such
as millers, to retailers, and finally to the consumers. The incidence of pests and rodents are the main
problems of storage for both growers and traders. Low output price for the growers and traders'
monapolies are the biggest handicaps. The problems range from high transport cost and lack of capital
for the petty traders, 1o storage and unstable prices for the wholesalers, and an uncertain supply of
electricity for the millers. To increase pulses production in the country, iechnological research in the field
of breeding, agronomy, and pest management as well as socioeconomic research to assess the future
demand and policy directions are necessary. Research into the appropriate cropping patterns that
incorporate pulses will help 10 consolidate the position of these crops in the farming svstems. Measures
to control postharvest losses are essential. Improvement in the storage methods and maintenance of seed
viability will improve the supply position. A national price policy will act as an incentive to the farmers
1o grow more pulses.

Introduction Table 1. Rate of change of pulses production and yield in

Bangladesh, 1947-1983.

Pulses are a major and cheap source of pretein in the
daily dict of the people of Bangladesh (BARI 1980).
They play a vital role in providing fodder for tarm
animals, either directly for grazing or as fodder after
the grain has been threshed. After dehusking, bran is Arey 072 0.74 -0.21
also used as a auality feed for animals. Pulses fitwell  Production -0.60 -0.09 -1.55
into the existing cropping systems, due to their short Yield +0.11 +0.67 -1.40
duration, low input requirements, and drought-tolerant
nature. As regular field crops, pulses cover more than
5% of the total cropped area.

However, in spite of their importance to semisub-
sistence of the farmers. the area and production of
pulses is gradually declining (Table 1). Their stagnamnt

1947/48-
1982/%3

1947/48-
1970/71

1971/72-
1982/83

of Statistics (BBS 1987) shows that since liberation the
area under different major pulses has increased com-

nature of production coupled with the ever-growing
population resulted in lower per capita consumption.
Now it is less than 10 g capita ' day '

Information received from the Bangladesh Bureau

pared to 1973/74. During the period 1976/77 1o 1979/
80, all major pulses showed increasing trends of area
and production. But lateradeclining trend setin, which
continued up to 1982/83 (Table 2). However, in 1983/

Citation: BARI (Bangladesh Agricultural Research Institute). 1991. Advances in Pulses Research in Bangladesh: proceedings of the Second
National Workshop on Pulses, 6-8 Jun 1989, Joydebpur, Bangladesh. Patancheru, A.P. 502 324, India: International Crops Research Institute for

the Semi-Arid Tropics.
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Table 2. Area and production of major pulses in Bangladesh, 1973-88,

Area (‘000 ha)' Production (‘000 t)?
Khesari Lentil  Chickpea  Black Mung Khesari Lentil Chickpea Black Mung
gram bean gram  bean

1973714 74 60 56 47 10 57 42 40 37 7
1974775 79 70 56 53 14 6! 47 39 42 8
1975/16 82 66 54 53 14 62 4 K} 41 9
1975/77 99 75 56 52 16 70 48 40 97 i0
1977778 99 79 57 52 17 70 51 “ 38 10
197879 9 85 56 51 17 68 50 42 35 9
1979740 93 85 58 47 17 64 49 39 33 9
1980/81 92 84 58 47 15 63 49 37 33 7
1981782 91 75 53 43 15 63 48 36 29 8
1982/83 93 73 54 40 15 70 4 40 28 8
1983/84 242 240 113 84 60 170 161 87 59 M
1984/85 245 234 109 75 60 183 164 81 53 5
1985/86 232 225 104 69 59 167 160 78 4 33
1986/87 222 213 104 65 57 164 149 82 42 35
1987/8% 232 216 104 70 58 182 159 75 51 33

Total pulse area in 1987/88: 734,102 ha, This covers 9% of the net cultivated area.

1
2. Total pulse production in 1987/88 : 538 784 ¢
Sources: BBS (1987), Bazlur Rahman (1990)

B4, there was a house-to-house agricultural census,
which revealed that earlier estimations on area of
pulses were not correct, rather the area had increased
by more than 300% compared to 1973/74. In 1983/%4,
BBS revised the estimates of pulses area and produc-
tion based on census data. Area and production of
major pulses in Bangladesh is shown in Table 2 from
1973 10 74 along with the revised estimation from
1983/84 to 1987/88 (Balur Rahman 1990). But again
since 1983/84 the estimates of BBS show that the area
under major pulses is gradually decl - ing, Taking the
1984 figure to be 10X}, the area and pivduction of sll
major pulses have decreased exceptinkhesari (Lathyrus
sativus L) where the production has increased in 1987/
88 mainly due to increased yield. The ratio of price of
pulses to that of rice also increased from 1.00/in 1973/
7410 1.43 in 1982/83 (Elias 1988).

The Problem

The constant decline in the per capita availability of
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pulses has been a concem to policy makers, research-
ers, and consumers. To avoid protein deficiency, it is
necessury to augment the per capita availability of
pulses. Foramassive drive toward the improvement of
pulses, itis necessary to correctly identify the constraints
to increased pulses production and to indicate policy
directions for the future.

Design of the Paper

The present paper is based on a study made by the
author in 1985/86 on the constraints to production of
pulses (Elias 1988). Five major pulses viz., khesari,
lentil (Lens culinaris Medic.),chickpea(Cicerarietinum
L.} black gram (Vigna mungo (L.) Hepper). and mung
bean (Vigna radiata (L.) Wilczek), were included in
the study. Altogether 508 pulse-growing farmers were
surveyed in 10 different locations in 6 districts. The
findings presented here highlight the socioeconomic
constraints to pulses production, including marketing
and storage problems.


http:Banglad.sh

Economics of Crop Production

Khesari

When all variable costs were included the mean cost of
production of khesari was found 1o be Taka (Tk) 1564
ha'. The major cost items were: human labor (634 )
and seeds (20%). However, only 33% of the total costs
involved cash outlay (Table 3).

The mean seed yield was 794 kg hat with a gross
margin of Tk 787 ha . The cost-benefit ratio on total
variable cost basis was 1.5 while it was 4.57 when only
cash costs were considered. This crop showed a high
returnon family labor which was Tk 38 day ' whicheuan
be compared with the prevailing wage rate of Tk 20
(Table 3).

Lentil

When all variable costs of production were included,
the mean cost of production of lentil was Tk 2911
ha'. The major cost item was human labor which
constituted 9% of the cost followed by cost of draft
powerconstituting 30% of the total cost. However, the
cash cost was only 26<¢ of the total cost,

The mean seed vield of lentil was 707 hg ha ' with
agross margin of Tk 2073 ha ', The cost-henefit ratio
on total variable costbasis was 1.71 while it was 6.47
on a cash cost basis. Although vield was lngher and
cost was lower in khesari, the profitability was higher
in lentil due to its higher price (Table 3y, This crop
showed Tk 62 day ' on family labor,

Chickpea

The mean variable cost of production of chickpea
cultivation was Tk 2580 ha'. The major cost item was
human lubor, constituting 52% of the total cost  Table
3). Cash variable cost was only 27% of the total cost.

On an average, farmers received vield of 896 kg
ha ' witha gross — margin of Tk 3058 ha'. The cost-
benefit ratio was 2.18. But the cash-cost ratio went up
10 8.15 when considered separately. The main reason
for this high profitability is its higher price and higher
yield (Table 3).

Black Gram

In black gram cultivation, the total variable cost of
praduction was foundto be Tk 1761 ha . Human labor
wits the single niajor cost item. However, only 28% of
the total cost was spent in cash. The rest were tamily
inputs.

The mean seed vield of black gram was 693 kg
ha 'withagross marginof Tk 2981 ha ' The cost-benefit
Ao on full cost was 2.6, But it went up 10 9.76 when
This is mainly
because of minimum cash involved in the cultivation
(Table 31 Of 4l the pulse crops, this showed the
nighest returns (TK 109 day ') on tamily labor.

only cash outlay vas considered.

Mung Bean

In mung bean cultivation, the total variable cost of

Table 3. Mean cost and return analysis of pulses, Bangladesh, 1985.

Parameter Khesari Lentil Chickpea Black gram Mung bean
Cost of production (Tk ha ') 1564 291 2580 1761 2471

Cash outlay (%) 33 26 21 28 43
Yield (kg ha') 794 707 896 693 698
Price (Tk kg-') 2.57 6.46 5.96 5.58 7.44
Gross margin (Tk ha-') 787 2073 3058 2981 2911
Cost-benefit ratio

Full cost 1.51 1.71 2.18 2.61 2.18
Cash cost 4.57 6.47 B.15 9.76 5.06
Returns to family labor 48 62 82 109 99
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production was Tk 2471 ha''. Human labor constituted
57% and draft power comprised 22% of the total cost.
Cash cost was 43% of the total variable cost.

The mean seed yield of mung bean was 698 kg
ha'! with a gross margin of Tk 2911 ha'. Cost-benefit
ratio when considered on the basis of all variable cost
was 2.18 and when only cash cost was considered it
was 5.06 (Table 3). This crop showed second highest
returns of Tk Y9 day ' on family labor.

Disposal Pattern

Disposal of pulses varied from crop to crop depending
upon the price of output and need of the farmers. While
in khesari 569 of the total produce was consumed and
kept as sced, in lentil and black gram 65% ot the
produce was sold in the market. Tt was observed that
55% of the farmers cultivating khesari, 21% of the
lentil, 309 of the chickpea, 32% of the black gram, and
4% of the mung bean did not sell their produce. Those
whosold, did so only partly selling the produce ranging
from 44% to 65% of their production (Table 4).

Marketing Channel

Like many other crops. pulses also pass through many
intermediaries to reach consumers. The major channel
through which whole pulses move goes from growers
10 beparis (traders) e arardars (wholesalers) to mill-
ers. Atthis pointthe pulses are dehusked. The dehusked
pulses pass to aratdars to retailers 10 consumers.
Aratdars perform an important function in moving
whole pulses from the growers and beparis to the
millers and dehusked pulses from the millers to the
retailers and beparis. They donot deal directly with the
consumers (Fig. 1.

Table 4. Disposal of pulses (%), 1985.

Pattern Khesari Lentil Chickpea Black Mung
gram  bean
Sold 44 65 48 65 51
Consumed + 56 35 52 35 49
kept for seed
Not sold 55 21 38 32 45
(% of farmer)
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Figure 1. Pulses ‘marketing channels in
Bangladesh.

Storage

Pulse grains are stored both at growers' and traders’
levels. About 85% of the growers stored pulses in their
living room. Beparis do not usually store pulses, They
try to sell the grain immediately after purchase cither in



Table 5. Type of containers used for pulses, 1985.

% of Response
Container Grower Bepari Aratdar Miller Retailer
Gunny bag 26 95 70 85 85
Earthen pot 58 - - - -
Tin 19 - - - -
Oil drum - - 20 - 10
Bamboo basket 4 - 10 10 5
Others 1 5 - - -

the same or a different market.  However, all the
aratdars store pulses for periods ranging from 15 days
to 3 months. Retailers do not store pulses for a long
period (Sikder and Elias 1988).

Earthen pots are the common containers used for -

storage of pulses by majority of the growers. Most of
the traders used gunny bags to store pulses (Table 5).

Processing

All growers dehusk pulse grains by means of an in-
digenous manually operated appliance called the Jata.
The time required todehusk | kg of whole pulse varies
from 20 to 40 mins depending un the kind of pulse and
amountofenergy spent. Consumers withsmall quantity
of whole pulses are not able to use pulse-husking mills
and growers have no alternative than to using the Jara
for their own produce (Sikder and Elias 1985).

For commercial use, the dehusking of pulses is
done by electric or diesel-operated machines. These
mills are located only in secondary or terminal markets.
Normally a mill with a 30 horsepower motor can
dehusk 200 to 250 kg of whole pulses hour'.

Price Spread

After harvesting the crop, growers have to sell it in the
market for which costs are involved. 1t was found that
costs at the growers' level were in the form of transport,
loading, unloading and market tolls. Onthe average Tk
0.09 kg’ was found to be the marketing cost at the
growers’ level. However, at traders’ level (combined
for all) the mean cost of marketing was found to be Tk
1.01 kg'!' (Table 6).

Now, if costof production and marketing is deducted
from the price paid by the consumers, the absolute

Table 6. Mean marketing cost for growers and
aratdars, 1985.

Cost

Category (Tkkg")
Growers 0.09
Beparis 0.20
Aratdars 0.26
Millers 0.43
Retailers 0.12
Total 1.10

profitto growers and traders comesto Tk 7.17 kg™, This
profit is about 64% of the consumers’ price. Again out
of the total profit, growers received only 26% and the
rest goes to the traders’ pocket (Table 7).

Constraiats to Production and Marketing

For the production of pulses it was observed that
incidence of pest and discases, lack of good-quality
seeds, poor vield in general, and low output price,
excess rainfall after flowering specific to khesari and
black gram, acted as major barriers (Hussain and Ahsan
1985). Pests, diseases and rodents were found to be the
major storage problems at growers’ level. However,
growers reported some other major marketing problems
like monopoly of traders, low price, defective weigh-
ing system, lack of market facilities and high market
tolls. Traders reported some major marketing and
storage problems which include nonstable price speciic
to heparis and aratdars, lack of capital specific to
beparis, arardars and millers, and pest and disease
infestation specific to arardars, millers and retailers.

Table 7. Price spread of pulses in 1985,

Cost of production (Tk kg*') 3.00
Marketing cost at growers' level (Tk kg™') 0.09
Marketing cost at traders’ level (Tk kg'!) 1.01
Total investment (Tk kg') 4.10
Price received by growers (Tk kg'') 575
Price paid by consumer (Tk kg™*) 11.27
Absolute profit (Tk kg!) 717
Profit share of growers 26%
Profit share of traders 74%
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Lack of market information, high transport cost, and
uncertain electric supply was a major problem but
specific to millers only.

Cor.clusions

With uncertain weather and in a ri:ky socioeconomic
environment, farmers preferred to use traditional farm
practices requiring minimum cash input. The present
pulses production is solely dependent on traditional
seeds, soil, and type as well as time of sowing. Under
the existing traditional technology farmers try to maxi-
mize yield by careful seleciion of seeds, seed germi-
nation tests, and treatraent of see ds by local methods,

On zn average, pulses were (ound profitable when
retumns on investment were considered. This is mainly
because minimum investment is made on production.
The average retuin was highest for chickpea and lowest
forkhe:iari, However, as the fa.ming is of a subsistence
nature, and the major part of the produce was con-
sumed, profitability seemed to have littlc influence on
production d=cision, rather, production with minimum
input and cash cost seemed to be the aim.

Because of the small number of processing mills in
Bangladesh, there is evidently a certain traders” mo-
nopoly in the pulses marketing process. More process-
ing mills in the intensive pulse-growing areas would
help to increase employment, reduce market:ng costs
and break the traders’ monopoly.

To reduce marketing costs and simplify the mar-
ketingchannel, acontract growing system s advocated,
Under this system, growers are assured of price and
market of their products much ahead of sowing time.
Policy makers would be of service here.

Future Strategy

To develop impreved technology for pulses, research
should receive highest priority. Multidiscipl.nary re-
search is needed to develop and test technology in the
field. Apart from breeding, agronomic, disease and
pestmanagement, farming systems and socioeconomic
researches are necessary.

A definite price policy for pulses is essential. Pro-
curement price should be forecast before crops arc
sown, and the grain should be procured after harvest-
ing. Forthis, a price commission should be formed. To
reduce the market margin and profit of middlemen, it
is suggested that contract system of marketing should
be practised in which growers and processors will have
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direct contact. In this system, growers will be assured
of their output price. At present therc is no credit
available for pulses cultivation. When improved
technology of pulses is evolved, farm credit will have
to be ensured.

In the farming systems approach, socioeconomic
research has to play a dominant role in considering the
effect of pulses production on the nutritional status of
farm family, supply of feed to livestock and improve-
ment of the conditions of the soil.

Research on production economics as well as on
the processing, distribution, and marketing systems
would help the policy makers and researchers to take
appropriate steps. Demand analysis, marketing re-
search, and profitability analysis will help the policy
makers to make macroeconomic decisions on pulses
production.

At present extension services are absent for pulses
cultivation. Regular training 1o the extension workers
on recommended technology and extension methods
will help to effectively disseminate the technology
package to farmers,

Discussion

A.Sarker: InTable 3, you have mentioned the cost of
production of pulses at Tk 3.0. Why have you gener-
alized this cost of production for khesari, mung bean
and chickpea?

S.M. Elias: In Table 3, | have shown the cost of
production for the five different pulses separately.
However, in Table 7, for an idea of the cost of pro-
duction and marketing of pulses, 1 have shown the
average of those five pulses.

M. M. Rahman: Do youthink the high price of khesari
{above rice and wheat) would help reduce risk of
lathyrism?

S.M. Elias: To contro} lathyrism, it is not necessary to
increase the price of khesari. Rather, with improvement
in the cooking process, it can be controlled. Contrnl-
ling lathyrism through increased price is an indirect
method which will have many other effects.

M. A. Islam: Who is to be trained ?
1. Subject Mutter Specialist (SMS)/Deputy Direc-
tor of Agriculture {DDA)/ Assistant Director of
Agriculture (ADA)



2. Subject Matter Officer (SMO)/Upzila Agricul-
tural Officer (UAQ)
3. Block Supervisor (BS)/Farmers.

S.M. Elias: I have mentioned in my paper that at
present extension services give very little attention to
pulse crops. So to expand pulses with improved
technology or even to transfer existing innovative
farming practices among other farmers, we need ex-
tension support. Soany thrust on pulse production will
require proper training to tiie farmers and extension
workers. In this rzgard, all the workers mentioned
above need (o be trained. Of course, the nature and
magnitude of training will differ for different catego-
ries.

M. O. Islam: According to a statement from BBS
(1987), about 10 000 ha. of pulses were grown under
irrigated conditions during 1985/86. Please give us
your opinion, do our farmers irrigate pulse craps or
not?

S.M. Elias: In our survey data we did ..ot find any
farmer irrigating pulse plots. 1 have already mentioned
in my paper that after the agricultural census of 1983
and 1984, the Bureau of Statistics had to revise their
earlicr data.
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Status of Pulses Marketing in Bangladesh

A.K.M. Bazlur Rahman
Department of Agricultural Marketing, Khamarbari, Dhaka, Bangladesh

Abstract

Bangladesh is deficient in pulses, which it imports to supplement local supplies. The domestic production
is distributed through the age-old marketing chain: growers-assembly-traders-wholesalers-millers-
retailers-consumers. Private parties import pulses from different countries and market them through
wholesalers, millers, and retailers to consumers. The Trading Corporation of Bangladesh (TCB) imports
pulses, and markets them through selected shops. In recent years, small farmers from producing areas
have started trading as mobile retailers, selling directly to consumers in the metropolitan cities. They sell
at comparatively lower prices than other retail shops. The present daily consumption of pulses in
Bangladesh is only 12.5' g capita’. against the recommended rate of 80 g capita' day . The demand for
pulses as per recommended rates is 3.63 million t in 1990 and 4.40 million t in 1995 for the projected
population. The present production (1987188 is only 0.566 millio+ . In 1987/88, 34 553 t of pulsesidhals
were imported from different countries and the cost was Tk 360.3 million. Imports are likely to increase
in future. During 1982-1987 the prices of pulses and vegetables increased faster than those of other
agricultural products. It is understood that the country will continue to import pulses to supplement
domestic supplies and to keep the prices undei control.

Introduction

Pulses are second only to cereals as a source of calories
as well as protein in the diet of the people of Bangladesh.
Being the cheapest source of protein, they are considered
to be the “poor man’s meat”. They not only have twice
as much protein coatent as cereals, but also contain
more on weight basis than eggs, fish, and flesh foods.
They also play an important role in providing valuable
fooder and feed to cattle and poultry. The per capita
daily consumptionof pulsesisonly 12.5 g in Bangladesh
(BBS 1989) while in neighboring India it is 45 g. The
production of food has been given the highest priority
in the previous plan periods, in order to attain self-
sufficiency in the country. As a result cereals produe-
tion has increased significantly over the years, while
pulses production has not increased. Land has been
diverted from pulses to wheat, boro (winter) rice, to-
bacco, sugarcane, and cotton. As such production of

pulses could not keep pace with the growth of popu-
lation, thus creating shortfalls in their supply and a
sharp increase in their prices. To meet the increasing
demand pulses are heing imported from different
countries, The volume of imports, however, depends
on total production and market prices of pulses in Jhe
country. The government has taken up & Crop Diver-
sification Program (CDP) for pulses, oilseeds, and
potato from the later part of the Third Five Year Plan.
Under the program a target for producing an additional
131 000 1 of pulses has been fixed by the end of 1995.

Present Production

The area and production of pulses during 1983/84 10
1987/88 are shown in Table 1. It appears that the area
and production of pulses have remained stagnant over
the years. A good number of pulses are grown in

1. Revised statistics (BBS 1989).

Citation: BARI (Bangladesh Agricultural Research Institute). 1991. Advances in Pulses Research in Bangladesh: proceedings of the Second
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Bangladesh, the major ones being: khesari (Lathyrus
sativus L.), lentil (Lens culinaris Medic.), mung bean
(Vignarcdiata(L.) Wilczek), chickpea(Cicerarietinum
L.), fieldpea (Pisum sativium subsp arvense), and
pigeonpea (Cajanus cajan (L.)Millsp.). These account
for about 90-92% of all pulse crops. Their shares in
total production are 32%, 30%, 6%, 15%, 3%, and 1%
respectively (Table 1). The production of pulses is
concentrated in a few districts, viz., Faridpur, Pabra,
Jessore, Kushtia, Rajshahi, Dhak=, Tangail, Barisal,
and Noakhali. The crops are gresvn mainly during the
dry winter months (postrainy season). Wheat and boro
(winter) rice do not leave much scope for pulses par-
ticularly where irrigation is available. Cotton, tobacco,
and sugarcane are also favored by growers due to their
relatively high economic returns. The average national
yields of pulses are also quite low.

The per capitaconsumption of pulses in Bangladesh

by rural and urban people are shown in Table 2 (BBS
1986). The recommended per capita rate of pulses is 80
g day" (Ahmed 1989). The total requirements as per
recommendation are 3.63 million t in 1990 and 4.40
million t in 1995,

The 1987/88 production was only 0.539 million 1,
Quantitis of pulses imported from various countries
between 1985/86 and 1988/89 and their values for the
last 4 years are shown in Table 3 (Collector of Customs,
Chittagong and Khulna Ports, 1989).

In 1987/88 the import of pulses exceeded the pre-
vious impont record, There were floods during the 1987
monsoons which damaged vegetable crops. Therefore,
the prices of vegetables increased sharply, which re-
sulted inexcess demand for pulses. To check the rising
prices, the import of pulses was increased and stood at
34533 1. The country faced an unprecedented flood in
the monsoon of 1988, a severe cyclone in November,

Table 1. Area (*000 ha), production (*000 1), and productivity (kg ha™') of pulses in Bangladesh, 1983/84 to 1987/88.

Year
5 -year % of
Crop 1983/84 1984785 1985786 1986/87 1987/88 mean total
Lentil A 240 234 225 213 216 225 30
P 161 164 160 149 159 159 30
Y 671 704 717 699 736 707 -
Chickpea A 113 109 104 104 104 107 14
P 87 81 78 82 75 81 15
Y 770 743 750 788 721 757 -
Khesari A 242 245 232 222 232 235 3l
P 170 183 167 164 182 173 32
Y 702 747 720 739 784 736 -
Mung bean A 60 60 59 57 58 59 8
P 34 s 33 35 33 34 6
Y 567 583 559 614 567 576
Pigeonpea A 7 7 6 6 6 6 1
P 6 5 4 4 4 5 1
Y 857 714 667 667 667 833 -
Total? A 802 785 743 7 740 757 100
pulses P 552 598 520 506 539 535 100
Y 688 711 699 706 728 707 -

1. A = area, P = production, and Y = yicld.
2. Includes other pulses.
Source: BBS (1989).
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Table 2, The per capita consumption® of pulses by the
rural and urban population in Bangladesh, 1973/74 to
1985/86.

Year Rural (g day-1) Urban (g day-1)
1973774} 20.1 189
1976777 13.1 18.7
1981/82 120 18.6
1983/84 259 21.6
1985/86 18.1 204

1. The per capita availability of pulses for 1987/88 is 12.5 g day'.

2. 539000 t (National Production) - 8 850 t (15% less for seed and
storageloss)+ 34 553 t(import) and 105.28 million (popu!ation for
1988).

Source: BBS (1988),

1988, and again an unprecedented drought that lasted
the spring and summer of 1989. These affected all
winter and sum: ner crops including vegetables during
the current year (1988/89). The prices of pulses which
began to increase in July 1986 are still continuing to
rise as shown in Table 4 (Department of Agricultural
Marketing 1989). The prices were considerably higher
in the current harvest season compared to any other
previous year (February-April 1989).

Future Import Policy
In 1988/89 the import of pulses exceeded that of 1987/

88 (Table 3). Private parties have imported 8000 t and
the Trading Corporation of Bangladesh (TCB) arranged

Table 3. Import of pulses from various countries, 1985/86 to 1988/89,

1985/86 1986/87 1987/88 1988/89
Quantity  Value Quantity Value  Quantity Value Quantity Value  Imported
Pulse v (M.Tk) ) (M.Tk) ) (M.Tk) ©  (MTk) from
Lentil 0 0 209 2.9 18 456 2050 1916 109.5 ‘Thailand
(dhal) China Turkey
Mung bean 660 7.2 2663 23.1 0 0 1132 157 Vietmam
Singapore
ChinaAustralia
Chickpea 0 0 0 0 15 806 159.1 33897 3182 Myanmar
Turkey
Australia
Thailand
Chickpea
(dhal) 0 0 564 6.2 31 04 157 28  Australia
Black gram 0 0 100 1.0 50 0.5 0 0 Thailand
Other pulses 1 965 10.7 107 0.8 210 24 21 0.3 China
Vietnam
Thailand
Australia
Total 2625 17.9 3643 34.0 34553 3674 37123 4465

Source: Collector of Customs, Chittagong, and Khulna Ports (1989),
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Table 4. Index of wholesale prices of lentil dhal, Bangladesh, Jan 1983 - Apr 1989 (Base year: 1983 as 100).

Month 1983 1984 1985 1786 1987 1988 1989
January 100 121 102 177 100 177 200
February 100 122 98 169 165 170 2
March 100 1mn 99 130 i73 166 201
April 100 11 104 104 196 180 204
May 100 107 106 106 194 180

June 100 105 105 105 191 180

July 100 109 109 180 187 181

August 100 106 108 179 205 177

September 100 103 109 182 204 184

October 100 104 117 177 188 168

November 100 91 123 161 164 144

December 100 89 139 160 162 159

Source: Department of Agricultural Marketing, Govemment of Bangladesh (1989).

to impon 2000 t of pulses up to April, 1989. Lentil is
now freely imported by private traders. The prices of
pulses increased faster than those of any other food
commodity group, except vegetables (Table S) (Orr
and Islam 1988). This indicates heavy shortage of
pulses in the internal market. Potato is available in the
markets throughout the year. The production of winter
vegetables is about three times higher than that of
summer vegetables. As aresull, consumers use potato
and pulses in larger quantities during the period from

May to October, with seasonal vegetables. [nanormal
year with substantial production of vegetables, fish, the
demand for pulses is lower and the import requirement
is minimal. Consumers get fish (small and drv) and
vegetables at lower prices than pulses.

In the long run the country is not in & position to
import pulses to increase the capita ' consumption by
its population. These are imported only to supplement
domestic production and to reduce the internal market
prices. However, in the short run there is no way 10

Table 5. Growth rate of prices of pulses and other crops between 1970/74 and 1984/85 and their relative price index.

Growth rate
of prices Mean Mean Relative price index
Crops (% year') 1972774 1984/85 (1972774 = 100)
Cereal 9.39 100 337 &9
Pulses 13.82 100 440 90
Jute 12.65 100 959 122
Mustard 8.22 100 316 65
Potato 5.54 100 236 48
Sugarcane 10.77 100 440 90
Spices 11.96 100 508 104
Tobacco 7.39 100 309 63
Vegelables 15.57 100 612 125
All agricultural products 11.35 100 489 100

Source: Orr and Islam (1988).
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meet the nation's demand for pulses except through
imports. Prices of pulses are likely to increase during
the fourth plan period for the following reasons:

1. The declining trend in the production of pulses

and diversion of land to high-value crops.

Increasing demand due to rise in population.

3. Relatively low growth in the production of
other protein-rich foods such as meat, fish, and
eggs. The production of these does not match
population growth resulting in a steep rise in
their price.

4. Increased probability of Hloods and droughts as
a result of deforestation.

5. Increased cost of production and marketing,

(28]

Change of Marketing Channel

Black pram (Vigna mungo (Lo Hepperyand mung bean
(early) are harvested in December butmost of the other
pulses are harvested in February and March. All these
pulses are distributed inthe marketthrough the age-old
chatnel of marketing. The imported pubses/dhals come
to metropolitan cities through importers and are mar-
keted through the wholesaler, arardur, and retailer.
Pulses imported by the TCB are marketed by its selected
shops. At present many mobile retatlers buy pulses
from the producing areas, process these i Jocal midls
and sell them i the form of dhal to the urban and
metropolitan population. The sale price of dhal through
this channel is lower by Tk, 1.00 to Th. 1.25 kg ' than
the price at the retail shops. This has emerged as a new
channel of marketing inrecent vears and has added new
dimension to the traditional channel.

Recommendation

The Bangladesh Government Depaniments purchase
pulses through contractors. Itis suggested that these
organizations should buy the required quantity of pulses
in the harvest season directly from the farmers, which
will help the farmers get a reasonable price.
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Future of Khesari Cultivation in Bangladesh

M. Hussain
Bangladesh Agricultural University, Mymensingh, Bangladesh

Abstract
Khesari (Lathyrus sativus L.) is the most important pulse crop of Bangladesh. A strong epidemiological

association is known to exist between human consumption of khesari and the incidence of lathyrism. A
toxin in its seed called B-N-oxalyl-L- a, B-diaminopropionic acid (ODAP) is believed 10 be the causative

principle. About 6000 patients are affected by lathyrism in this country. Often malnourished young mules
are the victims. The area under khesari cultivation remains high Lecause of its drought resistance, its
minimal managerial requirement, and its protein-rich seeds. Of all the processing procedures, lime water
is reported to remove the toxin from the seeds 1o a greatextent. Vitamin C is reported to protect consumery
Jrom lathyrism. Attempts 1. develop da toxin-free cultivar have so far proved unsuccessful. Oxalyl
derivatives of some amino aciuts as well as isoxazolinone deri vatives were found in the synthesis of ODAP
but its biosynthetic pathway is still not understood. This may in part offer an explanation for the
unsuccessful search for toxin-free cultivars. Research efforts should be made 10 determine the threshold
levels of ODAP nd safe levels of toxicity wesulting from the intake of various Sforms of khesari. The search
should continue for low-toxin lines with high seed yield, and for easy. effective procedures to remove the
toxin before the seeds are consumed. S.udies on the relationship between drought and salinity resistance
and the B-N-oxaly! aminoalanine (BOAA) content may be carried out.

Introduction

The genus Lathyrus comprises about 150 species that
include food, feed, and omamental plants. The species
commonly known as khesari (Lathyvrus sativus 1..) is of
agricultural importance for its food and feed value, It
is known to be a native of southern Europe and Wesl
Asia. Itis cultivated in the Mediterranean zone and
near temperate as well as tropical countries from the
Canary Islands in the West through Germany ir the
north and Ethiopia in *he south. 1o India and Centra)
Asia in the ezat {Kislev 1986). About 56 varieties of
khesari are known in the Indian sub-continent. There
are a good number of germplasm lines, both local and
exotic, available in Bangladesh.

Present i‘roduction and Utilization of Khesari
Production

Khesari covers about 30% of the areaand productionof
all pulses in Bangladesh. There is a gradual decline in
both hectarage and production of this crop (Islam and
Rahman 1990). This decline iy associated with the
overall reduction in the 1otal hectarage and production
of all pulses.

Itis one of the major sources of protein in the diet
of the poor people of  Bangladesh where 59% of the
households suffer from protein deficiency. Itisalsothe
cheapestofall pulses althoughiits presentprice is likely
to go beyond the reach of the common people soon. It

Citation: BARI (Bangladesh Agricultural Rescarch Institute). 1991, Adva ces in Pulses Research in Bangladesh: proceedings of the Second
National Workshop on Pulses, 6-8 Jun 1989, Joydebpur, Bangladesh. Patancheru, A.P. 512 324, India: Intemational Crops Research Institute for
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is atasty food. It may containupto 35% protein and has
a good amount of lysine, which improves the usual
rice-baseddiet. Khesari therefore provides anourishing
diet of good-quality protein and carbohydrate (350 cal
100 g). According to Misra (1978), khesari may be
deficient in methionine but not in tryptophan like other
pulses. Hence its protein is of good quality.

Utilization

Khesari is often a common ingredient of the menu of
the daily diet of the people of Bangladesh, especially
the poor. Most often khesari seeds are eaten as dhal
whichis an aqueous slurry cooked with spices. Itisalso
caten as cooked paste mixed with vegetables or ocea-
sionally with dry fish in some regions ot Bangladesh
along with the major meal. Khesari is consumed quite
often in the form of chapati (unleavened bread) or
dhalpuri contiining varving proportions of wheat and
khesari and also as hora prepared in the form of deep-
fried paste balls. Often this bora contains difterent
proportions of lentil (Lens cudinaris Medic.yand Khesari
seed powder. In addition, khesari is also consumed by
boiling the mature pods and as roasted seed with
roasted rice. Khichuri, a Bengalh dish, is prepared by
cooking rice with variable proportions of kKhesari seed.
This is a really nutritious meal in tenms of quality and
quantity of protein.  Sometimes whole or crushed
Khesari seeds are boiled in water and caten as a por-
ridge. The young khesari plant is a very nutritious and
tasty leafy vegetable eaten with rice meal. During the
lean period, especially in the northemn region of
Bangladesh, poor people live on khesari. It is known
to be a survival food item during fumine. Often the
farm laborers are given their daily wage in the torm of
khesari seed, a factor which seems to contribute to the
incidence of luthyrism.

Khesari makes an excellent fodder crop. Lactating
cows grazing on young khesari plants are often be-
lieved to yield more milk. After harvest, the plants are
dried and stored for future use as feed. Khesari grain
and bran are known to be fattening feed concentrates.

Khesari and Lathyrism
Lathyrism
Lathyrism is a neurologic disease which results from

excessive concumption of khesari seed. This disease is
characterized by muscular rigidity, weakness, and pa-
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ralysis of the leg muscles. The onset of the disease is
often sudden. A laborer while trying to resume his
work after a rest at the end of hard work for a couple of
hours or after a night’s sleep, suddenly stumbles and
falls. He complains of pain in the back. His lower
limbs become stitf. A physician may tenn this disabil-
ity as spastic paralysis of lower limbs. Reponts of
lathyrism were found in many countries including
some in Europe and Africa. It has been eradicated in
European countries by a ban on khesari cultivation,
Butitisstilacrippling disease in India and Bangladesh.
Legislative measures to ban khesari in India failed 1o
discourage farmers from growing it. There are now
about 10000 patients of lathyrism in Bangladesh (Kaul
and Islam 17K2),

Several factors are believed to cause lathyrism.
These include phytates, alkaloids, lack of vitamins A,B
and C, and virus infection (Sarma and Padmanabhan
1969).  High selenium and low methionine in the
lathyrus seeds were considered to cause lathyrism.
Alsothe seeds of Vicda species present as contaminants
of market samples of khesari seeds were claimed 1o
cause toxicity. The main problem in identifving the
toxic factor was the lack of a suitable experimental
animal which responds 1o the tosie factor in khesari
seed. Roy et al. (1963) devised an assay precedure
using Khesari extract on l-day old chicks when
symptoms similar to human lathyrism appeared. This
assay procedure led to the idemtification in khesari of
the toxic factor J-N-oxalyl-L a, B-diaminopropionic
acid (ODAP), otherwise designated as B-N-oxalyl
aminoalanine (BOAA). The chemical structure of this
substance is as follows:

HOOC - CONH - CH, - CH - COOH

S
NH,
An intraperitoneal injection of this factor elicited in
chicks some neurological symptoms.  Ahmad et al.
(1981) viewed that it wis a matter of opinion whether
these symptoms in chicks were to be taken to be
equivalent to neurolathyrism in human beings.

Neurolathynism appears when khesari forms the
main item of the diet, contributing at least 30% of the
calories intake for a period of 3-4 months. A survey
conducted in India showed that the affected families
ate more than fourtimes the amount of khesari compared
to the nonaffected families (NIN 1983). A survey
performed jointly by a voluntary organization, Shaw
Unnayan Saangstha, and the Department of Sociology,
Rajshahi University, revealed that most of the affected
persons were landless and the affected persons suffered
from malnutrition. Hence lathyrism is considered to be
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intimately associated with malnutrition. A well-nour-
ished person has not so far been found to be aftlicted
with this discase. During the lean period when cereals
are scarce and vegetables are rarely available, poor
people survive only on khesari consuming it in various
forms for up to 3-4 months. Then, the incidence of
lathyrism sets in. The highest incidence of the disease
oceurred in 1974 when a widespread famine broke out
in Bangladesh. It was also observed that incidence of
lathyrism follows a period of drought. [tmainly affects
young males who are more prone to lathyrism than
females, th ratio being 10:1. In females, the onset is
generally before puberty and after menopause, It
seems that the female hormone estrogen protects them
during the active reproductive period (Dwivedi 1983),

Vitamin C and lathyrism

Anmad and Jahan (1983) reported that adult guinea
pigs and monkeys when fed on cooked khesari supple-

NH,~CH-COOH

(V)

mented with all vitamins except vitamin C became
paralyzed in 3-7 weeks while those on the same diet
supplemented daily with 5 mg of vitamin C remained
heclthy. When khesari was replaced by any other
legime or cereal in a vitamin C-deficient diet
neurolathyrism symptoms or neurolathyrism did not
appear. They claimed to have cured fresh cases of
human lathyrism by intravenous administration of 500
1o 1000 mg of ascorbic acid daily. Reports corroborat-
ing these findings are yet to be published.  These
findings, however, lend support to the view that inci-
dence of lathyrismis closely linked to the deficiency of
nutrients (Islam 1983).

Quantitities and Procedures for Safe
Consumption
Ithas been found thatharmful effects of neurolathyrism

are produced in 2-4 months with a diet of which 40%
or more is made up of khesari seeds. In order to avoid
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its toxic effects, khesari should never :orm more than
one fourth of the tota! amount of cereals and pulses
caten cach day. Ahmad and Jahan (1982) opined that
apopulation w el vourished inrespectof vitamin C will
not develop new slathyrism in spite of the use of
Khesari as a principal item in the diet.

A number of procedures were suggested to eliminate
the toxins from Khesari for sate consumption. Mohin
etal. (1966) suggested the removal of the toxin by, ()
steeping dehushed seed in hot winer for several hours,
thibailing the seed inwaterand driunmg the supematant,
and (o) parboiling. These methods of detoxitfication
would remove several of the useful witer-soluble nu-
trients, reduce the weight cof pulse gran), and atfect
taste and glutimous property required for the prepara-
tion ol dough tor chaparis. Roy et al. (1963) recom-
mended roasting of seeds. Howevero it adversely
aftects the hapar making property.

Ahmad and Jahan (19825 reported that Khesar s
not tully detoseated ot s treated wath hot water 10
wash out the tovin which s nevertheless, o water:
soluble substance. They tound thatresidaes of wish-
g caused lathy nitie ssmptoms in anioals supgesting
that either a considerable amount of v exasts 1n bound
torm notremos ed by hot wateror theie are other tovins
which are not soluble mowater: Thus o vanety ot
Khesan having Tess ODAP may not necessarily be
nontosic.

Ahmad and Jahan (1984 reported a procedure tor
complete detovcation ot Khesar, Decorticated ground
hhesart seeds were soaked i satarated ime water tor
23 hoeusing pustenough clean supernatani to soak yand
then soaked material is autoclay ed for about 10 mim at
103.5 K pa ¢135 Ibs pressure inch i This procedure
destroved ODAP completely. 1t pure ODAP was
treated an the same way with hime, it vaas also lost.
Autoclaviong the seeds wath waterin heu ot Irme water
would not destros ODAP an the seed. Jusi bothng in
Iime water tor about 30 min anstead of autoclaving)
would also remove the tosin from the powdered seeds.,
but the tiaste ot the mieal o highly Timy

Development of Low-toxin or Toxin-free
Cultivars of Khesari

Use of mutagens ke gamma ravs, degenming of
cotvledons, development of pure lines by selection,

selection by morphological characteristies, and use of

micronutrients at the vegetative stage were adopted to
develop cultivars with no or fow neurotoxin, In an
attempt to isolate and identify low -toxin or toxin-free
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cultivars, screening programs were initiated in
Bangladesh. Kaul et al. (1986) reported that QDAP
conteits of 127 locat germplamsm lines ranged between
.45 - Ld mg %. They identified two lines, 3906 and
3968, us low-toxin lines with 0,35 and 0.62% ODAP.
They even recommended release of these lines to the
farmers as an interim measure until lower-neurotoxin
cultivars were identified. Hussain and Khatun (1987)
obtained ODAP contents of 133 germplasm lines, both
local and exotic, in which ODAP contents varied from
0.62% 16 1.55%. They idenuified 10 cultivars with low
neurotoxin ranging from 0.62-0.79%.  There were
some overlapping cultivars in the reports of Kaul etal,
(1986) and Hussain and Khatun (1987).  Ditferent
growth conditions and storage periods appeared 1o
influence the ODAP contents. A comparative bioassay
with chicks using low - and high-toxin khesan showed
that 24 ¢ of low-toxin culiavar P 24 was required 1o
produce svmptoms sinular to those produced by 5-6 ¢
of the local high-toxin vanety.

On the basis of the color of the fowers, three
varieties of khesart have been distinguished @ albus
twhited, roseus (pinky, and cyaneus (blue). The albus
IS rare while eyancus is common. Prelimimary studies
by Quader et al. (1986) showed that white-tlowered
plants had more toxin as compared to those with blue
Dimva (1976) reported that hight cream-
colored seed had the lowest ODAP content. So tlower
color and seed-coat color could be used as indices for

lowers.

dentitying low -toxan varieties. ODAP was present i
alltissues, butits maxunui: concentration wis present
1n the leat duning the vegetanve phase and in the
embryo during the reproductive phase.

Aninternational assoctation catled the International
Network for the Improvement of Lathvrus sanvus L.
and the Eradication of Lathynisam (INILSEL) has been
tormed (Kaul and Combes 19860). INILSEL aims at
developing toxin-free strins of khesart. According to
Prot” Bell. Director of the Roval Botanic Gardens at
Kew, UK. atoxn-free stram of Lathyrus sativus L., can
become a wonder crop m the semi-and areas of the
world.

Biosynthesis of ODAP

Toevolve a cultvar free from neurotoxin, information
on the biosynthetic pathway and the enzymes involved
in s biosynth.sis may eventually become impornant,
i modern technology. including genetic engineering,
istobeutthzed. Biosynthesis of ODAP isachallenging
problem which has so far defied most approaches used



for tracing its biosynthetic pathway. Malathi et al.
(1967 and 1970) proposed a two-step process for the

biosynthesis of ODAP.
ATP
Oxalate + CoA ———> Oxalyl CoA + AMP +
Mg+ PP........... (i)
ATP
Oxalyl CoA + DAP ——> ODAP + CoA
.................... (ii)

The first reaction involves oxalyl CoA synthetase
and the second step involves ODAP synthase. Misraet
al. (1981) failed todetect the activity of ODAP synthase.
Certain doubts were raised regarding the involvement
of the enzymes oxalyl CoA synthetase and ODAP
synthase. The two-step process was claimed to be
chemical rather than enzymatic in nature. The absence
of &, B-diamino propionic acid (DAP) may possibly be
due to its rapid synthesis and quick attachment to the
oxalyl group leading to the formation of ODAP. No
traccable amount of DAP in free form could be
detected in plants or seeds of khesari. Two potential
precursors for the biosynthesis of ODAP are presently
given attention. These are o -arabionosyl B-glucosyl-
o, B-diaminopropionitrite, and B-(isoxazolin-5-one-z-
oyh-alanine (Lanibien et al. 1976). Both these com-
pounds release DAP by chemical hydrolysis.  The
Lambien group proposed the following biosynthetic
pathway for ODAP:

! 2

1. Asparagine > Isoxozalinone >Acetyl
serine 3-Isoxazolinone-

3 4
alanine > Diaminopropionic acid (DDAPA) —
~——> Oxalyl CoA ODAP.

According to Lambien (1988) in this pathway only
the third step remains to be proven. The last step
forming the toxin is not necessarily enzymatic, the key
enzyme should thus be the one eventually catalyzing
the formation of diaminopropioaic acid. The
isoxazolinone derivatives detected in Khesari are the
following:

In khesari, there seems to be a negative correlation
between the concentration of (IV) and ODAP in the
seedling stage. It is of interest to mention that both
compounds (1) and (IV) can be broken down to a.f-
diaminopropionic acid (DABA) by a« id hydrolysis or
by UV-light (Lambien et al. 1976). When compound
(II) is given to young chicks with the feed or by
intraperitoneal injection, symptoms of neurolathyrism
develop. Inthe brain and in the blood of the chicks free
DABA is found together with compound (II). Probably

compound (II) is toxic because it is metabolically

broken down to the toxic DABA.

Some important findings of biosynthetic studies
that require attention are as follows:

1. Homoserine and acetyl derivatives are found to
accumulate during germination and in young
seadlings of khesari.

Homoarginine is the major nonprotein amino

acid in dry khesari seeds.

3. Four majorisoxazolinone derivatives are known
toaccumulate in khesari seedlings which disap-
pear in mature plants.

4. Glutamyl derivative of isoxazolinone com-
pound is inversely proportional to ODAP in the
seedling stage.

5. During cariy gennination stage, there is a rapid
increase of the isoxazolinone derivatives and
homioserine.

6. O-oxalyl-homoserine disappears during ripen-
ing while ODAP increases. This may be a
storage compound foroxalate needed for ODAP
synthesis.

7. High biosynthetic rate of ODAP occurs during
young seedlings and ripening seeds.

2

Arguments in Favor of Khesari Cultivation

1. Itcan be grown with remarkable case. {1 nas a
firm place in the agrocconomy of Bangiadesh.

2. It has a high degree of stability under extreme
conditions like drought and waterlogging.

3. Since itis often used as a relay crop. it uttlizes
the available moisture to its best advantage
particularly during a drought.

It fixes 32-50 kg of aimospheric nitrogen ha',

5. Itis an excellent fodder crop. 1t is believed to
augment milk yield.

6. ltisatraditionally favored item of food among
economically poor segments of society.

7. Itis a nuiritious and tasty food item containing
up to 35% protein with gor J amount of lysine
for supplementing rice-baseddiets. Ithas higher
trypto,han content than other common pulses.

8.  The people on nutritionally adequate diets are
not likely to suffer from neurolathyrism on
consumption of its seeds. If khesari does not
form more than 25% of diet, it is not likely to
cause lathyrism. Use of enough vitamin C may
reduce this danger substantially.

9. Proper processing of khesari seeds or flour may
eliminate or reduce the neurotoxin content.
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Future Strategy

Attempts to develop a toxin-free cultivar have yet o
meet with success.  Basic research on the threshold
levels of ODAP toxins as influenced by age, sex, and
nutritional status is needed. A safe level of toxicity
should be determined. It is also necessary to establish
the relationship between oral intake of the various
forms of khesari (dhal. bora, and chapary, and ab-
sorpion of ODAP into blood and transter ODAP to
cerebrospinal fluid. Biosyathetic pathway of ODAP
needs to be deciphered inorder to devetop a toxin-free
khesari by utilizing modern techniques like genetic
engineering. Studies should be undertakentoinvestigate
the relationship betweendrought and salinity resistance
with ODAP content,

Discussion

J. Kumar: Would you please commentonthe sereening
procedures for BOAA determination ?

M. Hussain: The OPT method proposed by SLN Roy
i now bemng used for the quantification of BOAA.
HPLC may be used tor taster sereening of breeding
miaterials.

H. Islam: 1. You have mentioned that in khesan there
15 35 protem. How much of the protemn s digesuble?
What s the prospect of changing the nondigestible
protein to grain vield through breeding 0 Please
comment.

2. What morphological characters are assoctated with

BOAA content ?

M. Hussain: 1. Digestubility of khesart protesn is low
due 1o limiting sulphur-contining amino actds and
other anunutritional tactors. Breedmg program for
clhinimating BOAA and for icorporating desirable
characteristies is now bemng pursued.

2. Some reports indreate that Nower colorand seed coat
color may be used as mdices tor BOAA content. But
these reports are not alwavs consistent.

M. M. Rabman: You mentioned that SO0 - 1000 mg

vitamin C intake tntravenous) helps recovery of

lathyrism-atfected patients. Has this been verified?
M. Hussain: Recovery onadninistration of vitaomn C

in megadoses has been suggested. However, neural
changes are often irreversible.  So recovery from
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lathyrism by vitamin C depends on the stage of appli-
cation,
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Fulses as a Substitute for Animal Protein!

Umaid Singh and R. Jambunathan

Intemational Crops Rescarch Institute for the Semi-Arid Tropics
(ICRISAT), P.O. Patancheru, 502 324, Andhra Pradesh, India

Abstract

Nearly86% of proteins and 90% of calories consumed by humans in the developing countries are supplied
by plants or plant products; therefore, pulses are an important source of cheap proteins in their diets. In
addition, pulses are also good sources of carbohydrates, minerals, and vitamins. The protein quality of
pulses is considerably lower than that of animal proteins but increased quantity of intake can partially
overcome this deficiency. Methionine and cystine are the first limiting amino acids in pulse proteins.
Globulin i1s the major stor “ge protein of pulses and is deficient in methionine and cystine. Therefore, the
proportion of globulin fraction i= pulses plays an important role in determining the overall protein
quality. Some antinutritional fa:tors and toxic constituents such as protease inhibitors, amylase
inhibitors, polyphenols, oligosaccharides, phytolectins, lathyrogens, glucosides, and aflatoxins are
reported 1o be present in pulses. Primary processing, such as dehullirg, and secondary processing, such
as .ooking, influences the nui:\:ive value and acceptability of pulses. These processes improve the
bioavailability of nutrients (thour.i; sume of these nutrients may be lust while undergoing these changes)
and partly or wkolly removes some of the antinutritional factors and toxic constituents.

There are also well recognized shortcomings in consuming animal proteins in the developing
countries. Some of them are: the cost of the product which is mainly due to the inefficient conversion of
plant into animal product; the fact that animal proteins can be the source of potential discases if stored
and consumed under unhygienic conditions, ar..! the quality of the available product. On the other hard,
pulses have been reported to reduce the levels of cholesterol and blood glucose. Therefore, pulses areand
will continue to be important sources of proteins in the diets of people in developing countries.

Introduction

The existing knowledge of world protein resuurces in
relation to human requiiements has Feen reviewed in
the past (Porter and Folls 1973). Foods of animal
origin such as meat, milk, eggs, and fish provide the
essential amino acids as well as minerals, fats, and
vitamins in human diets. Animal products are pre-
ferred because ot their flavor and tcxiure. Although
there is no specific requirement for animal proteirs in
the diet per se, dietary protein from animal sources is
taken as an index of the overall protein quality of the
diet. However, in developing countries, the availabii-

ity of animal proteins is considerably less due to
econoniic and social reasons.

Plant proizins are the major substitute for animal
proteins and in this context, grain legumes occupy an
important place as sources of dietary proteins. On an
average, about 80% of proteins and 90% of calories
consumed by the humans in the developing countries
are supplied by plants (Table 1). In all developing
countries including India and Bangladesh on cn aver-
age animal proteins constitute only about 11% of the
total proteins in the diets of people (Table 1). Pulses
like chickpea (Cicer arietinum L.), mung bean (Vigna
radiata (L.) Wilczek). black gram (Vigna mungo (L.)
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Table 1. Availability of protein and calories In scme Asian countries!,

Person' day*!
Protein (g) Calories
Country Plant Animal Plant Animal
Bangladesh 343 43 1796 64
Burma 57.6 8.4 2409 109
China 519 84 2367 198
India 46.1 6.3 2036 125
Indonesia 46.0 5.5 2450 54
Japan 419 43, 2263 541
Malaysia 322 22, 2270 364
Nepal 449 8. 1906 142
Takistan 42,6 13. 1947 238
Developed countries (All) 424 54 2364 1010
Devetoping countries (All) 46.9 1. 2222 202

1. FAQ (1986).

Hepper), khesari (Lathyrus sativus L.), and lentil (Lens
culinaris Medic.) are largely grown and consumed in
Bangladesh and India. Some imponant aspects of the
nutritional quality of these pulses are discussed in this
paper.

Protein quality

The protein quality of food crops is governed by the
protein content, its amino acid composition and di-
gestibility (Eggum and Beame 1983 Singhand Eggum
1984). Among the food crops. legume grains contain
the highest quantity of protein which s generally twice
or three times the amount found in cereal grains. The
proteins of the legume grains are rich sources of lysine,
but are usually deficient in sulphur-containing amino
acids, methionine and cystine. There are large differ-
ences in the protein content of pulses (Table 2) and
wider variations (12.6 to 30.5% ) were observed in the
chickpea seed protein content (Singh 1985), and intke
amino acid composition (Chatterjee and Abrol 1975),
Both locations and agronomic practices influence the
protein content and quality. Although high-protein
cultivars of pulses have been identified, little progress
has been made in developing high-protein cultivars of
improved agronomic performance capable of produc-
ing more protein per unit area per unit time.

Protein quality of a pulse can be assessed by
comparing its amino acid composition with a standard
reference pattern, usually casein. Methionine and
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cystine, including tryptophan 'nd threonine in some
pulses, have been reported as ihe .imiting amino acids
(Shobhana et al. 1976) (Table 2).  Although some
variations exist in the concentration of these amino
acids, no genotypes rich in sulphur-containing amino
acids have been identaied and used in the breeding
program for improving the protein guality of pulses. A
recentreport of FAO/WHO/UNU (1985) has indicated
variable requirements for different amino acids de-
pending on the age of person (Table 3) and these are
comparcd with the amino acid compos..ion of lentil,
chickpea, and khesari.

The biological value of a die'ary protein, which is
defined as the fraction of absorbed nitrogen retained in
the body for maintenance and growth, is onc of the
mosi useiful measurements of protein quality. A
comparison of biological values of some pulse and
animal proteins indicates that pulses have lower bio-
logical values as compared to animal proteins. How-
ever, the supplementation of cereal proteins with pulse
proteins would improve the nutritional quality of the
dictary proieins as the amino acid composition of
cereals and pulses compleme i each other. The bio-
logical value of egg prc-eins is the highest followed by
milk, fish, and meat proteins (Table 4). There isa large
variation in protein digestibility, biological value, and
net protein 4tilization of the various legumes (Porter
and Rolls 1973). Biological value of lentil has been
reported to be the lowest, and biolegical values of
pigeonpea(Cajanus cajan(L.)Millsp.), cowpea (Vigna
unguiculate (L.) Walp), and mung bean are compa-



Table 2. Ranges and means (parentheses) of protein, methionine, threonine, and tryptophan of commonly consumed
pulses',

g 100 g-1 protein

Pulse Number of cultivars Protein (%) Methionine Threonine Tryptophan
Chickpea 6 20.)-24.6 1.0-1.3 3347 0.4-09
(22.0) (L.1) 3.9) 0.7
Pigeonpea 2 18.2-20.5 0.8-1.0 4.04.1 ' 04-0.5
(19.4) 0.9) “@.n 0.5)
Mung bean (greengram) 5§ 25.2-28.2 1.0-1.7 2.7-30 0.6-0.8
(26.6) (1.4) 2.9 0.7
Black gram 3 23.2-244 1.0-1.1 3.037 0.6-0.8
(23.7) (1.0) (3.4) ()]
Khesari (grass pea) 3 30.6-33.9 0.3-04 2.7-28 0.4-0.5
(32.6) 0.4) (2.8) (04)

1. Shobhana et al. (1976).

Table 3. Essentlal amino acld requirements for humans - Food and Nutrltion Board and FAO/\WHO.UNU.

FAO/WHO/UNU2 Amino acid composition
FNB pattern for suggested pattern
high quality (mg g-1 protein) Lentil® Chickpea’  Khesan®
Essential proteins —
amino acid (mg g-1 protein)*  2-5 yr 10-12 yr Adult (mg g-1 protein)
Lysine 51 58 44 16 70 70 75
Threonine 35 ¥ 28 9 35 s 22
Methionine +Cystine - 26 25 22 17 19 26 16
Tryptophan 11 11 9 5 10 8 8
Valine 48 35 25 13 50 50 40
Leucine 70 65 4 19 75 93 66
Isoleucine 42 28 28 13 43 51 66
Tyrosine +Phenylalanine 73 63 22 19 75 86 42
Safe level of protein intake 2.0 1.10 0.99 0.75 - - -
(gkg")

1. NAS (1950).

2. FAO/WHO/UNU (1985).
3. Goplan et al. (1971).
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Table 4. Blological value (BV) and protein effici sncy
ratio (PER) of different foodstufTs’,

Foodstuff Biological value (%) PER
Rice 68 22
Wheat 65 1.5
Maize 59 1.2
Chickpea 68 1.7
Pigeonpea 57 1.5
Groundnut 55 1.7
Egg 94 39
Milk 84 3.1
Meat 74 23
Fish 76 35

1. FAO/WHO (1973).

rable, but considerably lower than chickpea (Eggum
and Beame 1983). The biological value of legume
seeds is positively and significantly correlated with
sulphur-containing amino acids (Eggum and Feare
1933).

The relative proportions of different protein solu-
bility fractions also influence the protein quality of
pulses. A pulse crop with an improved nutritional
quality will be a better substitute for animal proteins
and would be desirable. The globulins which are the
storage proteins, constitute about 60 to 65% of the total
seed proteins of chickpea and pigeonpea, the two
important pulse crops in the Indian subcontinent (Singh
and Jambunathan 1982). The globulin proteins are also
the most deficient in sulphur amino acids and thus
affeci the overall protein quality. Albumin fraction,
although representing a small proportion of proteins of
pigeonpea and chickpea, is a very rich source of me-
thionine and cystine. 1nerefore, the selection of cul-
tivars containing higher concentration of this fraction
will be desirable to improve the protein quality. In
addition, glutelin fraction also contains higher levels of
methionine and cystine, suggesting that cultivars with
a higher ratio of glutelin to globulia should be identi-
fied to improve the protein quality (Singh and
Jambunathan 1982).

Supplementary Effect of Pulses on Nutritive
Value

Cereal-grain proteins are low in lysine buthave adequate
amounts of sulphur-containing amino acids. On the
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other hand, the proteins of legume grains are rich
sources of lysine. It is therefore often emphasized that
legume-grain proteimns are the natural supplement of
cereal-grain proteins. A combination of wheat and
chickpea in appropriate proportion improved the pro-
tein efficiency ratio of the dietary protein (Angel and
Del Sotelo 1978). In wheat-pulse combination, a
maximum chemical score was obtained when the pulse
content was around 10% in the diet, and with rice,
maize or barley, the maximum scores were obtained
when the pulse content was around 20% in the diet
(Chatterjee and Abrol 1975). Supplementation with
10, 20, 30, 40, and 50% chickpea flour significantly
enhanced the nutritive value of Arabic bread, but 20%
chickpea supplementation was satisfactory in terms of
its organoleptic properties (Hallab et al. 1974).

Antinutritional Factors

Pulses contain various antinutritional factors such as

~ trypsinand chymotrypsin inhibitors, amy!lase inhibitors,

polyphenols, phyto-hemagglutinins, and glycosides.
Of these, trypsin and chymotrypsin inhibitors have
been studied cxtensively. Trypsin inhibitor activity
was reported to be in the following decreasing order
soybean, common bean, broad bean, peas, lentil, and
chickpea (Gallardo et al. 1974). Pak and Barja (1974)
reported that the trypsin inhibitor activity was in de-
creasing order in black gram, kidney bean, pigeonpea,
mung bean, and chickpea.

The ability of pulses to stimulate intestinal gas
formation has been recognized for many years. Gas
production was higher in the case of chickpea than
from other pulses (Singh 1985). Galactose-containing
oligosaccharides, raffinose, stachyose, and verbascose
are the sugars in pulse seeds that are responsible for
flatulence. These three sugars together constituted
about 53% of the total soluble sugars in pigeonpea
whereas stachyose and raffinose accounted for about
37% of the total soluble sugars in chickpea (Singh
1988).

Polyphenols of legumes decrease the protein di-
gestibility in animals and humans probab. . by making
protein partially unavailable or by inhibiting digestive
enzymes. Chickpea and pigeonpea contain consider-
able amounts of polyphenolic compounds that shcwed
genotypic variation (Singh 1984). Phytolectins are
toxic factors that interact with glycoprotein on the
surface of red blood cells and cause agglutination. In
general, it has been observed that pulses have low
phytolectin activity, i.e., below the toxicity level.



Chickpea contains a certain amount of agglutinating
activity, although not at toxic level (Singh 1988).
Pulses also contain substances that bind with metal
ions, particularly divalent cations, such as calcium,
zinc, and magnesium. Among these are phytic acid, an
organic form of phosphorus, which chelates with
minerals and inhibits their absorption.

Some species such as khesari contain a potent
neurotoxin. Lathyrism, as it is known to occur in
humans, is a paralytic disease associated with the
consumption of khesar, also called as kesari dhal or
chickling vetch. This pulse is largely grown and
consumed in Bangladesh, Nepal, and India as it is
drought resistant. A simple parboiling processing
method is reported to remove or destroy this toxic
compound.

There are some beneficial effects of consuming
legumes. For example, dictary fiber from bengal gram
has been reported to reduce the level of cholesterol
(Thomas et al. 1987). Bengal gram dhal and rajmash
(Phaseolus vulgaris L.) have been reported to reduce
plasma g.ucose level in humans (Dilawari et al. 1981).
Mung bean and chickpea reduced the cholesterol level
in rats (Jaya et al. 1979), Therefore, in addition to
providing a cheap substitute to animal proteins, pulses
have the dual advantage of reducing the cholesterol and
blood sugar, the two major causes concern for the
present-day human population,

Conclusion

Pulses are important sources of protein and in a cereal-
legume based diet, pulses improve the nutritive value
of the diet. Most of the antinutrients in pulses could be
removed by suitable processing methods and hence
pose no serious problem. For example, kesari dhal
should be properly processed so that toxic substances
are removed before human consumption.

Pulses are the cheapest source of protein when
compared to animal protein. The conversion of veg-
etable protein to animal protein is also very inefficient.
Pulses such as chickpea alse offer certain reported
beneficial effects such as lowering cholesterol levels.
Therefore pulses will continue to be an important and
indispensable source of proteins to millions of people
living in the developing countries of the world. Any
improvement in their quality will only be an additional
bonus which may help to improve the status of mal-
nutrition among these people.

Discussion

M.M. Rahman: Did you find any relationship be-
tween the nutritional value and insect pest resistance of
chickpea and pigeonpea? If so, what was the rela-
tionship?

U. Singh: No. we have not observed any relationship
between nutr.ional value and insect-pest resistance.

M. M. Rahman: You have not shown any table of
pulse balanced diet, i.c., how much pulses (g), cereals
and vegetables should be taken for a standard calorie
requirement and what is the standard calorie require-
ment for an adult?

U. Singh: In one of the slides, it was shown that a
combination of rice with pulses in a mixed diet would
improve the nutritional quality of protein. However,
calories need is not the important consideration in this
context,

M. A. Zaman: When pulses are exyosed to high
temperature, ¢.g., frying in oil ot dry roasting, don’t
you think the protein will be denatured and reduced in
quality?

U. Singh: Yes, by heating at high temperature, pro-
teins will be denatured and this would affect the protein
digestibility.

0. Islam: You have talked about high protein content
{29%) genotypes of chickpea. So far we hnow that
protein contentand yield are negatively eorrelated. On
the otherhand. only about 6% of the pulse proteins are
digestible. 1. Would you please give me an idea up to
whatextent protein canbe increased in chick pea without
sacrificing yield?

2. Isthere abreeding program at ICRISAT forincreasing
the digestible protein only?

U. Singh: It is difficult 1o say 10 what level protein
content can be increased. But the normal protein
content is about 20% and if protein content be in-
creased up to 25% it would be useful from the nutrition
pointof view. No, wedon’thave any breeding program
toincrease digestibility of protein. But we are studying
the factors that affect the protein digestibility of le-
gumes.

H. Islam: Lentii causes some heartburn while mung
bean does not. Would you explain the biochemical
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reasons or the difference in digestibility of protein from
these two sources?

U. Singh: [ am not aware of any biochemical differ-
ences associated with such effects.

M. A, Aziz: 1. Is protein content related to yield?
2. If you increase the protein content the yield may
decrease. Please comment.

U.Singh: Yesitistrue. There is anegative correlation
between yield and protein.
correlation is very low and it may vary with locations
and genotypes.

T. Bruulseme: Your data show that soybeans have
higher protein content as well as higher protein di-
gestibility, relative to chickpea. Does this not justify
consideration of soybean as a pulse? Is not the main
concern in declining pulse production the decline in
available protein nutrition”

U. Singh: 1t is not under consideration whether soy -
bean could be called a pulse crop and also this is not
related 1o the declining trend in pulse production.
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Networking and the Asian Grain Legumes Network’s Role in
Strengthening Pulses Research in Bangladesh!

D. G. Faris and C. L. L. Gowda

International Crops Research Institute for the Semi-Arid Tropics
Patancheru P.O., Andhra Pradesh 502 324, India

Abstract

Agricultural Research Nerworks (ARNETS) are becoming popular with agricultural research scientists
all over the world. An ARNET is a cluster of scientists or institutions linked together hy a common interest
in working dependently or interdependently on an identified shared problem or problems. The overall
objective of a network is 1o strengthen the research capability of national agricultural research systems
and to identify, address, and solve farmers’ problems. An effective nerwork will facilitate sharing of
research information, help to reduce unnecessary duplication, provide the critical mass of effort needed
1o give quick answers to pressing problems, and hasten scientific breakthroughs. ARNETS have five
important components: membership, research, coordination, communication, and assets. Networks are
dynamic and responsive to changing needs in agricultural systems. There are many types of ARNETs
depending on the problems that need to be addressed, the membership and its requirements, the extent of
coordination available or needed, the research strategy developed. and the assets available.

The Asian Grain Legumes Network (AGLN) established in 1986 is coordinated from ICRISAT Center,
Patancheru, Andhra Pradesh, India. AGLN is now operating in | | countries of Asiaincluding Bangladesh.
All Bangladesh scientists and administrators working on chickpea(Cicer arietinum L. ), pigeonpea(Cajanus
cajan (L.} Millsp.) and groundnut ( Arachis hypogaea L.} are invited to become members of the AGLN.
Although AGLN is presently coordinated at ICRISAT, it belongs to the members. 1t aims to improve the
research capability. and transfer of technology related to AGLN legume crops in Bangladesh, including
supply of germpiasm, breeding material, training, and literature. AGLN also assists in developing
collaborative researchprojects,and helps to find financial assistance for special researchprojects. These
activities have already been initiated in Bangladesh and will be strengthened with the establishment of
a Technical Assistanze Project Proposal (TAPP).

Introduction

Networks and networking have become increasingly
popular in recent years. Much of this increase in
activity has been in agricultural research networks
(ARNETS), of which the Asian Grain Legumes Network
(AGLN) is an example. Inthis paper we will examine
the structure and activities of AGLN inrelation to other
networks and countries, and explore how AGLN might

collaborate more fully with the Pulses Improvement
Program in Bangladesh.

Definition

ARNETS have been defined as “a cluster of scientists
or institutions linked together by acommon interest in
working dependently or interdependently on identified
shared problems™ (Faris and Ker 1988).

1. ICRISAT Conference Paper no. 528.

Ciution: BARI (Banglrdesh Agncultural Research Institute). 1991, Advances in Pulses Research in Bangladesh: proceedings of the Second
National Workshop on { ulses, 6-8 Jun 1989, Joydebpur, Bangladesh. Patancheru, A.P. 502 324, India; Intenational Crops Rescarch Institute for

the Semi-Arid Tropics.
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Objectives of ARNETs

ARNETs are generally organized to strengthen re-
search that aims to develop the technology needed to
increase world food supplies and provide farmers with
asteady income. A setof more specific objectives was
speltoutata Network Coordinators’ Review in Nairobi
In May 1988 (Faris and Ker 1988). These were as
follows:

e to strengthen the applied research capability of
national agricultural research systems to iden-
lify, address, and solve farmers® problems;

® 1o generate appropriate technology by more ef-
fectively utilizing existing research personnel,
facilities, and other resources;

e to ensure stability of agricultural production
through a responsive research capability: and

e toprovide the suppon, both technical and finan-
cial, required to facilitate the coordination of
activities on a regional basis.

ARNET Structure

Although each ARNET is unique, virtually all involve
the following five components:

. Membership: The membership component
comprises the body of the network. Members
can be individual scientists, policy makers and
cooperators, or groups consisting of national
agricultural research systems (NARSs), inter-
national agricultural research centers (1ARCs),
regional programs, laboratories in developed
countries, and bilateral projects. The network is
organized 1o meet its members’ needs. The
members provide the inputand use the resulting
output.

2. Research: ARNETs are established to provide
answers 10 identified problems. The research
component is the main part of the network that
provides answers (G these problems. The re-
search component can identify information in
the form of literature thatalready exists, or itcan
generate new products, such as new techpolo-
gies or varieties. Alternatively it can forge a
new research method or create a new type cf
database. Almost invariably, however, the re-
search component includes some type of active
research specific to the network. This research
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may be basic, strategic, applied, or adaptive. It
is normally carried out by the network members,
using their own staff and resources.

3. Coordination: The coordination component
consists of a unit or secretariat that organizes
and harmonizes the activities of the network,
and asteering committee that provides guidance
for the coordination unit and hence for the
activities of the network. The coordination unit
usually censists of a network coordinator and
some staff. The coordinator s role istypically to
act as executive officer for the network. The
steering committee normally consists of repre-
sentatives of the network membership, including
research managers, network scientists, outside
consultants, and donor representatives. This
guiding body can undenake many functions
including arranging for annuai meetings of the
network coordinators from each country or a
workshop involving all members.

4. Communication: The communication com-
ponent consists of the various links within and
between the other components.  These links
include correspondence, publications such as
newsletters and rescarch reports, visits, work-
shops. monitoring tours, and training. They
fumish the means for the exchange of ideas,
information, data, methods, materials, and
technology.

5. Assets: The assets component consists of the
resources already in place and the additional
external finances required to allow the network
to operate effectively. The external funding is
mainly required for the communication and
coordination components, but frequently smail
amounts are also used for the research compo-
nent.

A major reason for organizing networks is so that
network members can pool their resources 1o provide
the critical mass needed to efficiently provide research
toanswer the members” needs. The network also helps
reduce unnecessary duplication of etfort.

Networks as Qrganisms
Using diagrams to depict network structure can ob-

scure the fact that networks are dynamic. To iliustrate
this point, letus compare a network toaliving organism



that is conceived and born, that grows, develops. and
goes througha learning process thut includes the ability
10 learn by tis mistakes and gain from the experiences
of similar organisms. Carrying this analogy further,
the network membership component can be thought of
as the body of this organism, providing the bulk and
muscle power to carry out activities. The research
component is like the blood and cell metabolism which
gives life to the body. The communication component
s like the blood vessels and nerves: it "moves” the
research component to the membership component.
The coordination component acts as the nerve center.
processing information and harmomzing the activities
of the body. The assets component is ke tood that
providesthe energy tokeep the network organism alive
and active.

ARNET Prospects

With some understanding of how networks are orga-
nized. we shall now move on 10 examine some of the
important traits that have contributed 1o ARNET s
suceess. These include:

® 4 purpose recognized by all members as both
important and achievable:

e aclearly focused strategy;

e an existng or potential source of improved
technology, inchding the capability to generate
technology through research:

e arealistic research agenda;
strong and effective coordination;

® asteering commitiee that represents members
views and can comnit member and national
program resources to network activities:

e traiming 1o ensure that members will be able to
carry out the network™s research agenda effec-
tvely;

e regular meetings, workshops, and monitoring
tours 1o share adeis, review progress, and plan
future activities,

e freeuxchange of results, materials, and members
among network countries;

o strong selfaincrest of members served by the
neiwork;

e capacity of membership to make a meaningtul
contribution to the network;

e commitment by NARSs 10 provide the funds.,
resources, and statf needed to meet neiwork
activities;

e necessary logistic support from administrators;
and

*  adequate and flexible outside funding.

The Asian Grain Legumes Network (AGI.N)

The AGLN s a good example of how a successful
network 1s conceived and organized, and how its op-
erations start 10 develop.

101983 a Consultative Group Meeting at ICRISAT
involving legume scientists from several Asian coun-
tries and regional donor agencies identified the major
constraints to the production of groundnut (Arachis
hypogaca 1), chickpea (Cicer arietinum L), and
preeonpea(Cayparnies cajan (L) Millsp.) in Asiaand the
prienity research needed to overcome those constraints
UCRISAT "984). With these needs in mind, the group
cadonsed 17RISAT s concept of an Asian Regional
Legome Research Program and recommended that
ICRIS /T appoint a coordinator for the program. This
wits done i a Review and Planming Meeting in 1985
HCRISAT 1987a). This meeting abso provided recom-
mendations i the form of a general plan of action and
a list of speatfic activities 1 be undertaken,  The
Coordinator assumed has duties on | January 1986,
Since then, AGLEN has evolved a series of aclivities
bused on the recommendations of the two earlier meet-
ngs. We will now review these activities.

Objectives

AGLN was set up 1o faciitate the interchange of
matenial and information among grain legume scien-
tsts at ICRISA'T and in Asian countries. The ultimate
aim ot the network s to help the farmers of the region
merease therr fegunme production.

The specific objectives of the network were to:

s produce a directory of AGLN cooperators;

® operate an information bunk for the cooperators:

* support dentification of adapted grain legume
lines and the appropriate agronomy for their
cultivation in cach AGLN country ;

e promotetraining of legume scientists from AGLN
countries; and

o fuster special research support projects.

AGLN 1s presently actuve in 10 countries:
Bangladesh, Burma, India. Nepal, Pakistan, and Sri
Lanka (in South Asia); People’s Republic of China,
Indonesia. the Philippines., and Thailand (in East and
Southeast Asia). It also works with other Asian
countries when its assistance 1s requested.
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Network structure and operation

The structure and activities of AGLN are based on
strong contacts between ICRISAT and national pro-
gram scientists based on a formal Memorandum of
Understanding (MOU) with ¢ach country.

Work plans with each country have beendeveloped
as part of cach MOU (ICRISAT 1987b). Wherever
possible these plans have beendeveloped at review and
planning meetings in each country. The work plans set
out specific committaents by both ICRISAT and the
member country as tollows:

e enlist country AGLN coordinator and coopera-
tors;

e  determine rescarch priorities:

o decide collaborative research programs;
identity needs. individuals, and responsibilities
for network actvities.

An important feature of AGLN"s structure 1» the
country -AGLN coordinator. The coordingtors are the
administrative contact persons with ICRISAT m cach
country. Decentralizanon of the responsibility tor
network operations increases the effectiveness of
AGLN's Coordination Unit. For Bangladesh. we have
one Coordinator cach for groundnut (M.A. Khaleque)
and pulses (M. Matur Rahman)

Donor and iternational institute representatives
are integral parts of AGLN s structure. The continued
interaction of AGLN with this group was i major
recommendation of the 1985 meeting (JCRISAT
19874). The AGLN Coordinaton Unit has found
contacts and joint activities with this group very fruit-
ful.

The AGLN Coordination Unit consists of a Net-
work Coordinator. a Breeder who acts as a deputy
coordinator, and a Secretary. The unit receives cuid-
ance for its activities from an Advisory Committee at
ICRISAT: from meetings with national program sc-
entists; country coordinators, and admimstrators
each country, and from meetings such as the Chickpea
Coordinators” Mecting held i 1987 or the Regional
Legumes Network Coordinators” Meeting in Dec 1988
(- RISAT 1989). These groups have fulfilled the role
of the steennyg committee. which will be formally
organized in 1990 as recommended by the Legumes
Network Coordinators” imeeting (ICRISAT 1989).

The main mode of action of the coordination unitis
to facilitate contacts between legume scientists wotk-
ing on groundnut, chickpea, and pigeonpea in AGLN
countrics. and those at ICRISAT. Scientifically, the
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most productive contact is a direct one between scien-
tists. Therefore after w:itially facihtating a contact
between scientists, the input of the coordination unit
becomes secondary or nonexistent. New initiatives are
now relatively casy to launch because the contacts and
agreements with each country have already been made.

The AGLN coordination unit and its activities are
supported by ICRISAT. ICRISAT also provides funds
for its scientists to visit AGLN countries and to train
scientists from AGLN countries, The value of outside
funding is demonstrated by the large number of activities
and additional research made possible in the South
Asiancountries by agrant from the Asian Development
Bank (ADB,. This grant was tor the strengthening of
legume research programs in Bangladesh, Burma,
Nepal, and Sri Lanka through the activities of the
AGLN.  Similarly, money made available by the
Australian Internationa! Development Assistance Bu-
reau (AIDAB through it supportof CGIAR- Australian
Centre for Intermnational Agricultural Rescarch(ACIAR)
activities has resulted in several important activities in
Indonesta on peanut stripe virus, and in Thatland on
pigeonpea.

AGIN and pulses improvement i Bangladesh

In their corsultaney report, Green and Hawtin (1979)
recommended that the Bangladesh Agnicultural Re-
seareh Institute (BARD establish links with ICRISAT
for chickpea and prgeonpea improsement. Eftective
research collaboration with JCRISAT began when the
BARI Pulses Improvement Program was initiated in
1980. These links were further strengtheped after the
formation of the AGLN 0 1980,

Germplasm and breeding materiai

Chickpea seed material was supphed threugh interma-
tional nurseries from 1975/76 onwards. However,
systematic testing and use of breeding material was
sreamlined only after the establishment of the
Bangladesh Pulses Improvement Program in 1980
During the period 1980- 1988, T8 sets of trials, 133 F -
F, bulks, and 215 parental and edvanced lines of
chickpeas were sent to Bangladesh. However, only
two sets of trials and many lines of pigeonpea have
beensent. These materials were exiensively tested and
one cultivar of chickpea, Nabin, was subsequently
released. Additional trials identified two kabuli lines
and four desi lines as promising.



Training

For various reasons, [CRISAT has not recrviied many
Bangladesh trainees. From 1983 to 1988, there were
only 6 trainees from Bangladesh, wwo for 6-month in-
service training, and four for 2- or 3-week speciahized
training courses. We feel that the Bangladesh pro,cram
would improve if more of their scientists received
training at ICRISAT st all levels; in-service ‘rainees,
in-service {etlows, research scholars, and post-doe-
toral feilows.

Workshops and meeunyg.,

In comparison to the tramming activities, many
Bangladeshi scienuists have participated in workshops
and conferences orgamized by ICRISAT. The tollow-
g meetings organized or sponsored by AGLN 1n-
cluded purticipants from Bangladesh:

e AGLN Chickpea Coordinators” Work Planming
Meeting, 4-6 Aug 987, ICRISAT Center:

e Agroclmiatology of Asin Gram i.egume Grow -
ing Areas, 5-17 Dec 198K, TCRISAT Center:

e  Remonal Lepumes Network Coordinators
Meeting, 15-17 Dec 198K, [CRISAT Center:

o Nepal/AGLN Chickpea and Pigeonpea Mom-
toring Tour, 12-18 Mar 1989, Nepal,

o Intermational Workshop on Varetal ITmprove-
mentof Chichpea Pigeonpeaand Other Upland
Crops i Rice-sased and Other Cropping
Systems, 19-22 M 1989, Kathmandu, Nepal
and

e Consultants” Mectingon Usesof Grinn Lepumes,
27-30 Mar. 1989, 1CRISAT Center.

Consultancres and visits

ICRISAT staft have received short-term assignments
toassistindeveloping the pulse improvement program
in Bangladesh, C. L. L. Gowda worked as an FAQO-
sponsored consultant during Jan-Jul 1982, He assisted
in tratning the young pulse scientists. During his
consultancy, he helped tocompile 2 monograph “Pulses
in Bangladesh™, which 1s now widely used as a reter-
ence By scientists an that country. Jagdish Kumar
worked as 2 Winrock International-sponsored consult-
antin Jan-Feb and agaii trom Jul 1984 to Jun 1985 at
the Regional Agricultural Kesearch Station, Ishurdi.
During this period, he assisted in developing and

ctrengthening the polses improvement research in
Bangladesh. Aneccher scientist was located at
Bangladesh Insutute of Nuclear Agriculture, Mymen-
singh during T985/86 in order to assist the groundnut
improvement program,

ICRISAT screnusts have visited Bangladesh to
participate in meetings and workshops, to monitor
trials, and 1o conduct surveys. More than 10 scientists
have visited Bangladesh, held discussions, and offered
advice on vanous topies,

Germplasm collection

The Genetie Resources Unit of ICRISAT, in collabo-
ration with BARI, organized a germplasm collection
expeditton dunng Mar TYRS, collecting 279 legume
samples. mcluding P38 chickhpea samiples. Halt ot the
seed was deposited wath the Germiplasm Resouree
Center at BARL and the remamder was evaluated.
characterized. and stored at ICRISAT.

Conclusion

All these activities indicate that the Bangladesh Agn-
cultural Research System and AGLN/ICRISAT have
estable hed a finn foundation over the fast 10 years tor
the improvement ot chickpeasid areonpea. We must
now buld on these collaboratin o ttorts and take the
successes to the farmers” fields.

A Iovear Techmeal Assastance Frojeet Proposal
(TAPP) s bemng set up by BART asd AGLN to cover
crop improvement cescarch and the transfer of tech-
nology aspects of chichpea, prgeonpei. and groundnut
i Bangladesh. The TAPP detatls the work plan that
will be carried out by Bangladesh scientists i collabo-
ration with AGLN/ICRISAT. We trust that this work
will further merease legume production i Bangladesh.
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Discussion

M. Amiruzzaman: What is the procedure forapplying
for a short-term taining (<3 month) at ICRISAT on
pulses quality «nd analysis work?

D.G. Faris: 1. Send a proposal 1o the Director of
Training at BARI and have it included in the
Bangladesh-AGLN work plan.

2. Send a proposal directly 1o the Trainirg Officer at
ICRISAT with a copy 1o the AGLN Coordinator a.
ICRISAT. It will then be considered in consultmion
with the Director of Training at BARI.

A Sarker: AGLN works only with 3 grain legumes,
Why don’t you include other grain legumes like lentil
(Lens culinaris Medic. ), black gram(Vignamungo(l..)
Heppen.and mung bean (Vigna radiasa (L) Wilezek)
in the nerwork?

D. 4. Faris: At present the AGLN is constrained to
work only on chichpea. pigeonpea. and groundnut
because they are the mandate crops of [CRISAT which
is providing the zoordination unit for the AGLN. V/e
are presently tooking at ways ofexpanding the AGLN'
respansibility 1o other grain legumes including col-
laboration with other international institutes such as
ICARDA for lentil and AVRDC for mung hean and
with strong national programs to provide scientific
bachstopping such as providing germplasm. There is
abvo another imtiative being considered by some do-
nors and national programs to bring togethera Steering
Commitee 1o coordinate the activities of all groups
working on grain legumes in Asia,
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The Role of ICRISAT in the Improvement of Chickpea in
Bangladesh!

Jagdish Kuinar

International Crops Research Institute for the Semi-Arid Tropics
(ICRISAT), Patancheru P.O., Andhra Pradesh 502 324, [dia

Abstract

Short- and medium-duration chickpea (Cicer arietinum L.) materials suit Bangladesh environments,
where almost all production of this crop occurs hetween 22° and 25°N latitudes. Productivity is limited
by several biotic and abiotic stresses. At the International C rops Research Institute for the Semi-Arid
Tropics (ICRISAT), fucilities have been developed for disease and insect screening. Some facilities are
being developed in Bangladesh. ICRISAT has developed populations of chickpea with nudtiple stress
resistances. Such breeding materials, international trials and nurseries, and information have been
shared with scientists in Bangladesh. Specific crosses for Bangladesh have been made. These were
advanced through the rapid generation-turnover Jacilities at ICRISAT. This cooperation has resulted in
the identification for Bangladesh conditions. of £ veral disease-resistant and high-yielding lines. Extra
short-duration, wilt-resistant cultivars developed at ICRISAT appear suitable for normal and late sowing
i jute- and rice-based cropping systems. A kabuli culiivar, whick matures in 80 10 85 days (rainfed) has
produced two normal crops between September and March at 1CRISAT Center. S, uch cultivars may be
suitable in short rotations in rice fullows in the Barind tract. in Bangladesh, where the cropping intensity
can be as high as 300% or more. this developmen: hos the potential to extend chickpea cultivation owtside

its normal adapration areas.

Introduction

International Crops Rezearch institute for the Semi-
Arid Tropics (ICRISAT) has a world mandate for the
improvemeni of chickpea (Cicer arictinum L.). The
crop is cultivated in about 50 countries between ~ 45°
latitudes north and south. In the subtropics itis grown
inthe winter szason and in the temperate zones during
spring and summer. Nearly 6 million tof chickpea was
produced in about 9 million ha in 1988 (FAO 1989).
The mean productivity was 671 kg ha'. The Indian
subcontinent accounted for 77.5% of the production
and 82.5% of the area. The mean productivity in some
middle-east countries is nearly 2000 kg ha ' (Table 1).

High experimental yields of about 51 ha' have been
reported from Bangladesh and India, although the
mean productivity in these countries is low and the crop
is losing ground to higher-vielding crops, particularly
cereals (Islam etal. 1990). Two types of chickpea are
recognized: desi and kafuli. 1 nave not come across
any ‘eportolkubuli production in Bangladesh. Among
all the pulses growr in Bangladesh, chickpea appears
to have the greatest potential but it is probably also the
mostunstable among this group of crops. Therefore., a
major objective of chickpea research in Bangladesh
anc at ICRISAT is 1o increase the productivity and
stability of this crop by incorporating resistances to
biotic and abiotic stresses. This paper describes reasons

1. ICRISAT Conference Paper no. 533.

Citation: BARI (Bangladesh Agricultural Research Institute). 1991. Ad- ances in Pulses Research in Bangladesh: proceedings of the Second
National Workshop on Pulses, 6-8 Jun 1989, Joydebpur, Bangladesh. Patancheru, A.P. 502 324, India: Intemational Crops Research Institute for

the Semi-Arid Tropics.
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Table 1. Area, production, and productivity of chickpeas
in Bangladesh, other countries of the Indian subconti-
nent, and the Middle East, 1988.

Area Production  Productivity

(*000 ha) (000 1) (tha'!)
World 8650 5803 0.67
Bangladesh 46 37 0.80'
Burma 255 240 0.94°
India 5806 3622 0.62
Nepal 41 18 0.45
Pakistan 817 360 0.44
Israel 5 8 1.46
Egypt 9 15 1.77
Lebenon 2 3 1.33
Turhey 665 778 1.17

1. According tothe revised statistics the area planted to chickpea in
Bargladesh in 1987 waes 103 239 ha, production 75000t and
productivity  0.73 t ha! (please see editor’s note in these
proveedings).

2. These figures donot match with the country paper from Myanmar.

(Please see Thaung Pe, 1990 for possible explanation.)

for low productivity  Bangladesh and recent efferts at
ICRISAT to overcome these constraints.

Major Constraints ¢ Higher Productivity
in Bangladesh

Biotic Stresses

Susceptibi'ity to vanous diseases und Helicoverpa pod
vorerare major vield reducers. Cusaaum wiltFusariom
oxysporum L.sp. ciceri), ey root rot (Rhizoctonia
hataticola), botzytis gray mold (Borrviis cineria), col-
lor rot (Sclecotium rolfsin, and chickpea stunt (bean
leaf roll virus) are the most important discases in
Bangladesh. Among insects, pod borer (Helicoverpa
armigeray can reduce vields substantially in the field.
Brulhids (Callosobruchus sp* can infest as much as 80
% of seeds in a lot within the first 3 months of storage
in ambient conditions. Relatively high temperatures
and more than 85 % relative humidity tavor the growth
of seed pathopgens and bruchids. As many as 24 seed
pathogens have been recorded on chickpea ©
(Amiruzzaman and Shaha Chowdhury 1990). Under
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these conditions, sceds are liable to lose their viability
and consumer acceptance. The loss of seed viability
affects the crop establisment adversely.

Abiotic Stresses

A number of abiotic stresses can seriously affect
chickpea productivity. These include moisture status
of the soil. temperature regimes and humidity at sow-
ing, flowering and podding, soil pH, texture, nutrient
status, and reduced daylength (cloudy days), especially
at the reproductive stage.

Lack of Proper Management

Poor plant stands in farmers” fields is probably the most
important single factor limiting productivity in
Bangiadesh (Kumar 1984, 1985). Poor seed quality,
too little or eacess soil moisture at sowing, improper
land preparation and methods of sowing, and attack by
Aarious seed and seedling pathogens can seriously
reduce the plantstands, even w hen proper seeding rates
are used. Farmers give the Jowest preference to pulses
in terms of wead allocation, weed control, and inputs,
Therefore, these crops are olten grow nin problem soils
and outside their normal sowing tme. For example,
late sowing exposes the chickpea crop to carly rains at
maturity, Fields with poorsoils, low in organic matter
contentand other macro and nicronutrients and having
low moisture-holding capacity or improper drainage
are uttlized for pulses. Trrigaiion, it at all available, is
given to cereal and/or cash c:ops, Under these condi-
tions, plant growth is often stunted and their full vield
Howcver chickpeas,
being indeterminate like other pulses. donot respond .

potentid cannot be realized.

high-inpat conditions. Rather. under such conditions
they often produce eacessive vegetative growth, which
leads 1o lodging, development of diseases, and ulti-
mately poor vields.

Farmers generally sow chickpea afterrice. Atmost
research stations trials o-c planted in well-prepared
fallow fields. Theretore before a chickpea technology
is given to farmers. itmust be tested under experimen-
tal zor-litions that are similar to those where itis 1o be
applizd. There is a need to develop short-duration
cultivars, whichinay escape various end-season stresses,
In addition. some cultivars which respond 1o high
inputs should be bred so that chickpea can compete
with modern cultivars of wheat and rice in terms of
stability of production and economic returns,



Chickpea Improvement at ICRISAT and
its Role in Bangladesh

ICRISAT Center near Hyderabad (17.6"N) is almost at
the fringes of the chickpea adaptation areas in Indiaas
the growing season is really too short for this crop,
Here mainly short-duration materials (90-110 days)
are bred. A major station at the Haryuna Agricultural
University, Hisar (29.4°N) for long-duration (150- 180
days) and another one at the Jawaharlal Nehru Knshi
Vishwa Vidyalaya ONKVV), College of Agriculture,
Gwalior (26.0"N)y tormedium-duration (120- 140 days)
chickpea have been established. Advanced breeding
lines for short- and long-duration matenals are also
tested at Gwalior. We have facilities for off-scason
advancement of important breeding materials. Short-
and medium-duration materials developed atICRISAT
Center and found promising at focations in central
India generally suit Bangladesh environments because
in this country the crop is cultvated in similar (22" 10
25°N) latitudes.

Germplasm Collection, Supply, and Utilization

Bangladesh Agricultural Research Institute (BARD
and ICRISAT jointly organized chickpea germplasm
collections in Bangladesh in 1979 and 1985, A total of
201 aceessions were collected and the seed ofeach was
shared between the two organizaions, These have
been evaluated, characterized, catalogued, and maimn
tained at ICRISAT. Their evaluation at BARTL RARS.
Ishurdi. led to the sclection of two pronnsing lines
RBH 121 and 1358, These have been crossed 1o
sources of "usarium-wilt resiste e, ICRISAT main-
tains over 15 000 germplasm lines of chickpea. We
have supplied a large numterof germplasm collections
to lecal scientists on taeir request. These include
sources of rosisteace o varieus biotic and abiotic
stresses, genetic ¢iversity, and high vield potential.

Breeding saterials, Nurseries, and Frials

Scientists at BARL Bangladesh Institute of Nuclear
Agrictlure (BINA). and JCRISA'T have cooperated in
growing a number of international trials and nurseries
at vanous locations in Bangladesh.  International
chickpea screening nurseries of short- and medium-

du,ation, international chickpea cooperative trials of

short- and medium-duration, F, and F_multilocation
trials, promising parental lines. segregating populations,

and disease and Helicoverpa pod borer nurseries have
been grown here forover adecade. We at ICRISAT are
very happy that BAREscientists havereleased achickpea
cultivar Nabin (S-1, 1CCL 81248) recently (Rahman et
2t 1990y, They have also identitied a number of other
lines as promising in their mubtilocation trials. One or
more of these may be released i the near future. Two
kabuli lines, ICCL 83007 and 83008, with large at-
tractive seeds have also done well in these trials (Islam
etal. 1990). Hopefully the tirst kabuli cultivar in this
country may be available soon.

Special facilities

Rapid genceration advancement, Chickpea is a
quantitatively long-day plant.  We have developed
capacity for rapid generation turnover by providing an
extri 4 ot light to advance the growth cyele (Sethi et
al. 198 1. Physiologically mature seed canbe harvested
within 73 day . Protection against rain under polythene
tunnels has made it possible to grow 3-4 experimental
crops a vear. Special crosses made for Bangladesh are
being advanced in this mannes to speed the breeding
[)r()CC\.\

Wide crosses and biotechnology, A number of wild
species of chichpea are availabie in the Genetie Re-
sources Unit at ICRISAT. These have useful charac-
teristics. Only one wild species. C.reticulatunihas been
suceessfully crossed with cuitivated chickpea. We
have a close collaboration with organizations working
ontheseaspecets, who have aninterestin the mechanisms
of pod-borer resistance and wide hybridization. When
some progress is made. for instance, in the transter of
Bt genes, such material can be made readily available
to the cooperators in Bangladesh.

Resistance! tolerance to biotic stresses

Fusarium wilt.  ICRISAT has developed good field
and laboratory screening facilities for iusarium wilt.
Five races of this pathogen have beenidentified (Haware
and Nene 1982). Many of the lines found resistant at
ICRISAT Center =re also resistant in Bangladesh (Is-
lam et al. 1990). Genetie studies indicate the operation
of at I=astthree genes which impart partial resistance to
race 1. Two of these are recessive and one dominant,
Combination of any two of these imparts complete
resistance. Indications are that the system has more
genes in operation. Further studies are in progress. A
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large number of resistance sources have been crosse
to adapted types including ones from Bangladesh.
Resistant segrepants are available for agronomic
evialuation,

Botrytis gray mold.
has not been obtamed in the available

High level of resistance 1o this
disease
germplasm, Enhancement of resistance thiough mul-
tiple crasses among tolerant lines such as 1CC 1009,
NECI38-2 1CCH074 and ICCR383isbeing attermpied.
A growth room that can handle 40 000 seedlings every
month, round the year is now inoperation at ICRISAT
Center. Partof this facility isavailable for botrytis gray
mold screening. In the meantime crosses of tolerant
Imes and adapted cultivars have been sereened at the
GAB Pant University of Agriculture and Technologyat
Pantagar, India, i Bangladesh, and in Nepal. Prom-

Istng segregants have subsequently been sent 1o

Bungladesh. Recently o segregant from a cross of

cultivars Dhanush and K 850, and a line [CCLL 86237
have shown much promise. The material can be sent
for testing i Bangladesh. We hope 1o sirengthen

facthities tarbotrs tis sereening in Indiaand Bang ladesh.

Other discases.
the multiple-discase sick plot, where highly suseeptible

Screening tordry root rot is done in

mes are elinnnated. Laboratory sereening procedure
v available fordry root rotand is being developed for
collar rot. Field-sereening tacilities against chickpea
stunt are anvailable at the TCRISAT station at Hisar,

Helicoverpapod borer.  Severalsources of resistance
have been identified at ICRISAT for this insect pest
which attacks at both vegetative and reproductive
stages. Segregating materials from crosses involving
the various sources ol resistance are sereened in
unsprayedtields and also under sereened cages, whhere
farvae are released. There are indications that the
resistance is governed by additive genes and that the
resistance 1o pod borer s linked o suscepubility o
fusarium vt (ICRISAT 1984, p. 128),
breeding, combined resistance tothe tw o brotie stresses
hies been developed. notably in 1ICCL 8102 and 1CCX
FI0020-11-1-1TH-BH. Etforts are also underway for

Through

germplasm enhancement for pod horer resistance.

Resistance tolevance 1o abiotic stresses
Screening for drought resistanee and ability to

germinate under limiting moisture, Increased
volume and length of rocts appear 1o impart resistance
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to terminal drought stress.  There are indications
(ICRISAT 1989, . 60) that ICC 4958 is more drought
resistant than other lines because of its rout length and
volume. At present F, generation crosses with high-
yielding cultivars are being screened for the character.
Weare also sereening germplasm lines for shei ability
to emerge with limited soil moisture.

Development of extra short-duration cultivars.
Eftorts to fook for more determinate chickpea lines are
underway. We have bred cultivars which mature in
about 85 days at ICRISAT Center. These have shown
rupid vegetative growth and carlier maturity than
conventonal cultivars, Inaddition these may avoid the
HE etfects of carly rains on maturing crop that can
dimiage the seed of this crop. These are being tested in
tice fallows. This development can help mtroduce
chickpeaas a postrais y-season crop atier aman (raimy -
seisonyrice n the Barind tract, where late sowing is
necessity. Dauble cropping inthe traditional chickpea-
growing areas ny also be possible it moisture can be
ensured for the second crop, Preliminary reports tfrom
India. Ethiopia, and Burma indicate that the extra
short-deration cultivars escape end-season drought
and utilize the available soll meisture 1o their advan-
tage by growimg quickly in carly stages. These extra
short-duratton types may theretore, be suitable in short
rotations with rice. These cultivars alsa appear 1o
tolerate relatively high temperatures better than the
tradional cubtivars. We have successtully grown two
crops of [COV 2 at [CRISAT Center between October
and March with arrigation. Such cultivars may be
suitable for cultivationin Bansal, Patuakhali. Noakhali,
and Chittagong regicn, where chickpea has not been
caltivated carlier.

Anotherdevelopment is tolerance o relatively cold
conditions. Traditional chickpea cultivars do not set
podsinthe coldestmonths innorthwestem Bangladesh.
Instead they produce excessive vegetative growth, At
ICRISAT a nuniber of hines have been identified and
segregating populations developed which set pods in
relatively cold temperatures (JCRISAT 1980 p. 125).
Seme of these lines also flower and mature carly. In
future, cultivars may be available which should allow
late sowing and early harvest of chickpea in this coun-
Iry.

Training, Seminars, and Information Exchange

Bangladesh Agricultural Research Council (BARC)
and ICRISAT signed a memorandum ot understanding


http:ICRIS.VI

in 1988 for collaborative research on chickpea,
pigeonpea (Cajanus cajan (L.) Millsp), and grcundnut
{Aruchis hypogaeu L.). Regular meetings at [ICRISAT
or in other countries are held where chickpea scien®.sts
can discuss their resea.ch work, make seiections in
experimental plots, and share their findings. Scientists
from Bangladesh have been visiting ICRISAT for such
meetings and for training. Recently a workshop was
held at ICRISAT Center to cheracterize environments
fortheiiiree ICRISAT legu, e crops in Asian countries.
ICRISAT aleo has research fetlowships leading to
degrees and post-doctoral fetlowships, in which
Bangladesh scientists also participate,

Looking Ahead

In collaboration with pulse scientists in Bangludesh,
ICRISAT will assist in the following activities:

1. Developmentotshori-durationmulnple-disease
resistant chickpea cultivars suitable for rice-
bised cropping svstems,

2. Introductionof farge-seale chichpea cultivation
after rice i the tloadplain areas, parts of which
presently remain fallow,

3. Development of higher levels of resistance to
botrytis gray mold and pod boret through
germplasm 2nhancement.and creation of large-
scale fiel J tailities for sereenming ai Ishurdi.

4. Augmentanon of field and lsboratory facilities
tor screenimg for resistance todry reotrot, collar
rot and « hickpea stunt at Ishurdi.

5. Extenstonof chickpea cultivationto other areas
of Bangladesh where this crop is not tradition-
ally grown.

6. Breeding for drought tolerance and ability to
emerge under immited moistuze,

7. Creationandtrengthening of facilities for large-
scale muluplication of chickpea seed in
Banglade«h.

8. Rusearchonconsumeraceeptance and develop-
ment of cultivars of kabuli types and those with
relatively larger seed size.

9. Development of cultivars responsive to high
management lor irrigated conditions,

10.  Provide training opportunities in various aspects
of chickpea improvement,
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Discussion

A. Sarke: From ICRISAT's information we know
that JG T4 ixresistant to wilt. Butduring 1986/87, atthe
Joydebpur farm, we found the line was susceptible to
wilt. Tthink ICRISAT s resistant lines may not perform
well in our condition,

J. Kumar: There are several races of fusarium wilt of
chickpea. JG 74 s resistant 10 race 1. Tt was also
resistantat RARS, Ishurdi and has been used in crosses
witit some cultivars of Bangladesh, Many of ity seg-
regants nave been selected through the wilt-sick plot at
Ishurdi and are resistant. T do not know whether
Joydebpur has a different race or there are other root
pathugens causing monality.

MM, Rahman: Participation of entomologists from
ICRISAT in BARI's program is alwayvs neglected,
why?

J. Kumar: Inthe mid 1980s vou had a joint pheromone
trap network.  You may initiate a common program
with ICRISAT entomologists.

ALAL Miah: You have said that at ICRISAT chickpeas
can be grown well from Ocrober to January., What
about the vield potential at different months? We are
searching for chickpea varicties having late-sowing
potential with high vield. Do vou think those varieties
of ICRISAT would be usetul for this purpose?

Jo Kumar: If proper plant stands are established in
rainfed situations or with presowing irrigation, yields
of up to 1.5 tha ' can be harvested from the October-
sown crop. Mean vields in Andhra Pradesh are less
than 0.3 tha . The January-sown crop requires irriga-
tion as the temperatures rise fast. These cultivars will
have to be wried in Bangladesh conditions. Your
postrainy season is much cooler than that at ICRISAT
Center; this may restit in ligher productivity.

S.K. Roy: Lack of floveering and pod set in chickpea

could be due more to environmental than soil factors.
Please comment on it.
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J. Kumar: Relatively high humidity and cloudy
weather duriing reproductive phase prevents effective
pod set in chickpeas. f soils lack micronutrients and
there is relatively high humidity there can be reduced
pod setting as well. Bowrytis gray mold which may
oceur in damp warm weather also attacks young veg-
cetative and reproductive parts leading to lower fruiting.

M.S. Hoque: 1. You have shown the possibility of
growing chickpea in rice fields without opening the
land. Wasitdone by dibbling or by broadcasting? How
much vield was obtained?

2. Can you please tell us whether the farmers use
Rhizobiuminoculants extensively for growing chickpea
n India. It they use inoculants, then how are these
distributed to the farmers?

J. Kumar: 1. Yes, Both possibilities exist. 1 saw a
dibbled crop at Jamalpur last March, They may have
harvestedmore than 1 tha ' Thave also seen some good
fNelds where chickpea was relay cropped in paddy in
castern India. Cultivar JG 74 does well under these
conditions,

2. Some farmers use rhizobia inoculants, but not as a
routine.

M. AL Sattar: In our country we get very good re-
sponse of pulses to Rhizobium imoculations in almost
all the areas including Ishurdi and Jessore. Yield
increase in farmers” fields was more than 55% due o
You may have watched some slides
shown in our presentation vesterday. Do vou think this
low-cost technology could not be profitable in future
as ICRISAT is discouraging inoculant use due to their
nonresponse in some parts of India?

moculations.

J. Kumar: Lam glad to hear of your successes., During
my tours in India. Bangladesh, and other countries, |
have notobserved spectacular increases invield because
of nodulation, maybe native rhizobia already exist. At
ICRISAT microbiological work was reviewed acouple
of years back, and emphasis on this research has been
scaled down because the administration did not see
much pay-off in this area of research.

M.O. Istam: You mentioned a variety which can be
grown twice in a single cropping season at ICRISAT
Center. Is this variety thermoinsensitive?

J. Kumar: Yes we have grown ICCV 2iwice between

October and March at ICRISAT Center. There was no
problem with its growth during this period. However,
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temperature variations in southern India are not extreme.
We have not done precise studies on its temperature
tolerance.
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Integrated Control of Pulse Diseases!

M.V. Reddy

International Crops Research Institute for the Semi-Arid Tropics
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Abstract

In pulse crops, in recent years considerable progress has heen made in the identification of resistance
sources and in breeding high-yielding cultivars resistant to some of the major diseases. Progress has also
heen made in the identification of broad-based and multiple-disease resistance sources. However, work
onthe integrated control of diseases wilizing host-plant resistance combined with other control practices

has beenvery limited und needs to be strengthened. To achieve a breakthroughinthe management of pulse
diseases. work on multiple-disease control and integration of disease control measures with varietal
improvement and agronomic practices leading to an integrated crop-management system is essential.

Introduction

AsThave notvisited Bangladesh earlier,my knowledge
of Bangladesh pulse crops and their discases is based
only upon the tour reports of my ICRISAT colleagues
who visited your country and on the book on pulses in
Bangladesh by Gowda and Kaul (1982). In this paper
I will atiempt to review the progress on control of
diseases with special reference to host-plant resistance
in pulse crops important to Bangladesh. The need for
work on multiple-disease control and integrated man-
agement, and directions for future work are brought
out. Forcrops other than chickpea(Cicer arietinum 1..)
and pigeonpea (Cajanus cajan (L) Millsp.), Lhave had
10 depend on the reports of the rainy and postrainy
Pulses Workshops of the All India Coordinated Pulses
Improvement Project (AICPIP) (ICAR 198R). For
pigeonpea and chickpea, the results of evaluation of
germplasm and breeding materials for resistance to
major discases at ICRISAT Center and in
multitocational trials are summarized. It is hoped that
lines that have shown resistance in India and elsewhere
will be of use to Bangladesh.

Pigeonpea

The crop is currently not important in Bangladesh. [f
the need arises, the results of the extensive work on
disease resistance carried out at ICRISAT and AICPIP
should be useful. Good progress has been made on the
identitication of resistance sources and cultivars re-
sistant to fusarium wilt and sterility mosaic (SM), the
two most important diseases of the crop in India. Lines
resistant to both these diseases have been bred in the
short- (e g ICPL 8324), medium-(e.g. ICPL 227), and
long-duration (e.g. ICPL9174) pigeonpeatypes(Reddy
1987). Lines with broad-based resistance to wilt and
SMare alsoavailable. Lines that have shown resistance
to wilt in multilocational cvaluations in India are ICP
4769, ICP 7118, ICP 7182, ICP B863, ICP 91068. ICP
10958, and ICP 11299, For SM, the lines ICP 7867,
ICP 10976, ICP 10977, ICP 10983, and ICP 11146
have shown resistance at all the Jocations in India. For
Phytophthora blight (PB), the third important disease
ofthe cropin India, lines with high and stable resistance
are not yet available, but lines such as KPBR 80-1-4,
KPB 8-2-1, and ICP 13-4 with ficld tolerance to the

1. ICRISAT Conference Paper no. 530.

Citation: BARI (Bangladesh Agricultural Rescarch Institute} 1991, Advances in Pulses Research in Bangladesh: proceedings of the Second
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discase have been identified. Seed dressing with
Ridomil or Aleitte (0.3%) followed by two foliar
sprays at 15-day intervals after sowing have resulted in
a significant reduction in disease incidence and have
increased yields. There is scope forintegration of host-
planttolerance and use of fungicide for the management
of PB. Choosing fields with good drainage and avoiding
low Iving ones. helps further. Management practices
forcollarrot(Sclerotium rolfsii) need to be worked out,
Seed dressing with Rizolex (0.3%) showed good
promise in litboratogy tests. Toconsolidate the progress
made on wilt and SM resistance, development of
integrated-management practices involving host-plant

resistance and such cultural practices as crop rotations
and intercropping is desirable,

Chickpea

Much progress has been made in the identification of
resistance sourees, and lines have been bred that are
reistant to fusarium wilt and tolerant to dry root rot
(e.p. ICCC 32, ICCC 37y and resistant to wilt and field
resistant 1o stunt (e.p. [CC 10466) (Reddy 1987).
Lines with broad-based resistance to wilt and 1olerant
10 root rots are also available (Table 1). Lines toleram

Table 1, Chickpea lines with broad-based resistance to wilt and root-rots identified through the Internationul Chickpen

Root Rot and Wilt Nursery (ICRRWN),

Reaction of line

ICC ICcC ICC 1cC ICC ICC
Location 2862 9021 9032 10803 11550 11551
Bangiadesh-Joydebpur s! S R’ R R
Ethiopia-Debrezeit R S R R R R
India
Berhampore S S S S R S
Dabod R R R R R S
Deliu R R S S R R
Dhoh R R R R R R
Durgapur R R S R R R
Faizabad S R R S S S
Gurdaspur S R S S S S
Hisar R R R R S S
Jabalpur R R R S R R
Kanpur S R R S R R
Ludhiana S R R R R R
Patancheru (ICRISAT) R S R R S S
Varanasi S S S S S R
Mexico-Culican R R R R S R
Peru-Chiclayo R R R R S R
USA-San Luis Obispo R R R R R R
No. of locations tested 18 18 18 18 18 18
No. of locations resistant 11 12 12 11 1 12

10% raonality
1

1.§=2
2. R = <10% montality
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to ascochyta blight (AB) in the vegetative stage are
available (e.p. G 235, G 543, Gaurav, GNG 146, BG
261) but there is need for lines with tolerance in both
the vegetative and podding stages. Work on resistance
to botrytis gray mold (BGM) is in the preliminary
stage. Lines having some tolerance in the vegetative
stage under field conditions at Rampur in Nepal have
been identified (ICCC 4, ICC 9033, 1CC 2664, ICCL
86237, ICCL 83149, ICCL 86326, ICC 3075, Pusa
256,1CC 6827, 1CCL 86242, ICC 1931, ICCV 5. ICC
2550, ICCL 83128, ICC 1009, ICCV 11, ICC 3208,
ICC 1RO ICC 11223 ICCL 86226, Pant G 114, 1CC
3630, Dhanush, 1CC 3099, ICC 2595, 1CC 11324,
ICCL 11324 1CCL 86332, ICCL 86215, 1CCL. 86332,
ICCH105, ICC 191K, ICCL 85409). Further studies are
needed 1o determine their reactions under anificial
inoculwtion conditions in the reproductive stage.and in
different locations. 1t appears that it is difficult 1o find
higher levels of resistance o AB and BGM inavailable
chichpea germplasm. Emphasis should therefore be on
the integrated management of these discases. Use of
tolerant cultivars wiih compact and erect CANOPY, sown
not oo close together can be usetul. Early sowing and
eacessive irrigation need to be avoided: Application of
one or two fungicidal sprays in the reproductive stage
(e.g. Bravo for AB and Ronilan tor BGM) should also
be very helpful in the management of these Jdiseases.
Better management practices for collar rot, wet. and
black root rots are needed.  Very litde variation in
reaction to collar rot has been observed in limited
screening of permplasm at ICRISAT. Rizotex (0,36
wans found as effective a seed dressing fungicide for
chickpea as it was for pigeonpea.

Other Pulses

Discase-resistant varieties of black gram (Vigna ra-
diata (L.) Hepper). fieldpea (Pisum sativim subsp.
arvense). lentil(Lens culinaris (L) Medic.), and mung
bean (Vigna radiara (L) Wilczek) released in India are
fisted in Table 2. Lines of ficldpea. leatil. pigeonpea,
and chickpea  with multiple discase resistance are
listed in Table 3 (Nene 1988). Testing of these lines
under Bangladesh conditions may be useful.

Integrated Control
In recent years, good progress has been made in the

identification of resistance sources and breeding of
high-yielding pulse cultivars resistant to some of the

Table 2. List of disease-resistant varieties of different
pulse crops released in India (ICAR 1988).

Crop Varieties Diseases resistant to
Pigeonpea NP(WR) 15 Wilt
BDN | Wwilt
BDN 2 Wik
Mukta Wilt (tolerant)
Sharda Wilt (tolerant)
Clil wilt
Ruhar Sterility mosaic
W.B.2(105) Alternaria leaf blight
Hy 3C Sterility mosaic
Maruthi(ICP 8863) Wilt
Chickpea Gaurav (H 75-35) Ascochyta blight (tolerant)
Pusa 212 Wilt
JG 315 Wilt, root rot
H 35§ Ascochyta blight (tolerant)
€235 Ascechyta blight (tolerant)
GNG 146 Wil
G 543 Vil
ICCC 32(Kabuli) Wil
BG 261 Ascochyta blight
{tolerant)
Phule G 5 Wilt (tolerant)
BG 244 Wilt
Avrodhi Wilt

Pant U 19
Pant U 30
UG 218
Cod
ADT 3
LBG

Black gram

Ficldpea Rachna
DMR 11
Pant PS

Lentil Pant 1. 406
Pant L 639
PL77-2

Mung bean Pant Mung 1

Pant Mung 2

Pait Mung 3

ML 131

Cod

ML5

ML 267
ML 337
Pusa 105
Sabam:ati

Yellow mosaic
Yellow mosaic
Yellow mosaic
Powdery mildew
L eaf crinkle
Powdery mildew

Powdery mildew
Powdery mildew
Powdery mildew

Rust
Rust
Wilt

Macrophomina blight,
Yellow mosaic
Yellow mosaic

Yellow mosaic
Macrophomina blight

Yellow mosaic
Powdery mildew

Tip blight,

Powdery mildew, root rot
Yellow mosaic

Yellow mosaic

Yellow mosaic
Macrophomina blight
Powdery mildew (tolerant)
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Table 3. Some lines of pulse crops with multiple disease
resistance.

Crop Diseases Variety
Pigeonpea Wilt, SM! ICP 7198, 8024, 8860,
8861, 8862,9142, 10960,
PR 5149, ICPL 227
Wilt, SM, PB ICP, 1302, ICP 11303,
Wili, SM, AB 11304 ICP 8861, 8862,
10960
Rust, leaf spots 64-16A
Chickpea  Wilt. dry root rot ICC 12237 10 12269
black root rot
Wilt, AB, BGM ICC 1069
Wilt, dry root rot ICC 10466
stunt
Wilt, Sclerotinia ICC 858, 959, 4918,
stem rot 8933, 9001
Fieldpea ~ Brown blotch, VITA |
root kaot
Bacterial blight, VITA 4
Scab, Septoria sp,
Colletorichum sp
Povidery mildew, JP,DP |
rust
Wilt, root knot, Iron
anthzacrose, rust,
cercospora leaf
spot, bacterial
pustule, bacterial
blight, cowpea
banding mosaic,
CPMV. southern
bean mosaic
Lentil Wilt, rust LP 12, Bombay 18,
Pant L 406, GL 534, GL
535,CP 212

1. SM = Sterility mosaic: PB = Phytophthora blight: ALB = Alter-
nariablight: AB = Ascochytablight: BGM = Botrytis gray mold.
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majordiseases. However, information onthe integrated
use of resistance and other methods of control is
limited. Morcover, work on control of several discases
occurring together is meagre. This line of work is very
important if we are to achieve any breakthrough in the
management of pulse diseases because it is common
for more than one major discase to affect these crops at
the same time (e.g. ascochyta blight and botrytis gray
mold in chickpea, wilt and SM in pigeonpea). We
should also ensure that a particular practice/treatment
recommended for reducing one disease does not ag-
gravate another disease. For exampie, while higher
plant stand reduces stunt disease, it can increase the
problem of BGM in chickpea (Table 4). For all the
legumes seed dressing with fungicides is necessary as
discases that affect seeds and seedlings can drastically
reduce plant stands.

Integrated Crop Management

Another problem in the management of pulse diseases
is that many of the optimum agronomic practices for
high yicld can tavor disease buildup. For example, in
the case of chickpea (Table ), carly sowing and
irrigation which are recommended for obtaining higher
yields, favor ascochyta blight and botrytis gray mold
buildup by inducing heavy vegetative growth, Also,
high-yielding cultivars of the spreading type favor
these discases more than the tall and erect types which
have lower yield potential.  Hence it is essential to
integrate varictal improvement, agronomic practices,
and discase management aspects for developing prac-
tical discase-management systems.

Discussion

M. Matiur Rahman: The root-rot resistant materials
of ICRISAT do not show resistance at Ishurdi. But
some of the wilt-resistant lines show resistance. Should
we release the wilt-resistant lines which lack root-rot
resistance?

M.V. Reddy: The lines from ICRISAT are resistant to
fusarium wilt and tolerant 1o dry root rot (Rhizoctonia
hataticola). They may not have same level of resis-
tance to collar rot (Selerotium rolfsii), black root rot
(Fusarium solani), and wetrootrot (Rhizoctonia solani),
Any line showing better performance against wilt and/
or root rot fungi than the check cultivars should be
considered for release.



Table 4. Gaps in knowledge on integrated management of chickpea diseases.

Dry
root Collar Ascochyta Botrytis
Operation Wwilt rot rot Stunt blight gray mold
Crop rotation 6 years -! - - 1 year -
Variety ICCv2 ICCv2 - ICCVS Gaurav? ICCV 52
ICCVs ICCVS - ICCV 32 BG 267}
ICCV 32 ICCV 32 - - ICCV 32¢
Maturity of - Early - Early? Early?
variety
Land - - Free of - Destroy
preparation undecom - diseased
posed debris
Organic
Matter
Seed Dressing Benlate 1Thiram Thiram Thiaben- Bavistin
(0.15%) (3gha") (3gkg") dazole 1 IMTD
Sowing date Normal- Early* Normal- Normal- Not Not
Late Late Late excessive excessive
Foliar sprays - - Insec- Daconil Ronilan
ticide (3gkg') (g kg')
sprays after after
if nec- each rain eachrain
essary.
Irrigation More More Less - Less Less

1. No information available.
2. Based on observations, experimental evidence lackir.g.

M.P. Bharati: In Bangladesh, wilt has always been
rated as one of the major diseases both in chickpea and
lentil but won't the flooding conditions prevalent in
Bangladesh reduce the level of inoculum?

M.V.Reddy: Flooding in general is known to supress
Fusarium. The effeets of flooding on chickpea and
lentil fusaria need to be studied. Temporary flooding
may not be able todrastically reduce the population. In
India, in Gujarat State, chickpea wilt is a problem
where temporary flooding in the rainy season occurs.

Mahabubur Rahman: At ICRISAT, pathologists
and entomologists have developed combined nursery

for wiltand Heliothis resistance sereening of chickpea.
Could the same program and facilities be extended to
BARI's program?

M.V.Reddy: A limited amount of materials of chickpea
and pigeonpea from BARI can becvaluated at ICRISAT
and the results will be provided.

H.U. Ahmed: As Fusarium and Sclerotium are soil-
boine pathogens and causing serious problems for
chickpea cultivation. do you suggest any control
measure other than resistant varieties? Do you have
any experiment on polythene mulch? Botrytis gray
molddoes notoccur seriously every yearin this country.
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Could you kindly tell us the predisposing factors by
which we can forecast the disease incidence?

M.V. Reddy: 1. Lines resistant to fusarium wilt are
available. Seed dressing and clean cultivation of wilt-
resistant lines should help in minimizing the collar rot
problem.

2. Experiments on soil solarization with polythene
mulch at ICRISAT have shown that soilborne diseases
can be controlled but the economics should be looked
into before suggesting it as a control measure.

3. Temperatures around 25°C and high humidity favor
gray mold.

M.A. Bakr: [ understand work on resistance screen-
ing against downy mildew of millets is done at
ICRISAT. Do you think that procedure will be equally
applicablcincase of resistance screening againstdowny
mildew of khesari (Lathyrus sativus L.)? If so, how
ICRISAT can assist in equipping the pulse patholo-
gists in Bangladesh with the technologies available at
ICRISAT?

M.V. Reddy: Spreader rows and perfo-irrigation can
be useful in creating higher disease levels in endemic
areas,
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Problems and Prospects of Increasing Pulses Production in
India’

P.N. Bahl

Indian Council of Agricultural Research, New Delhi, 110001, India.

Abstract

Pulses are complementary to cereals in terms of pattern and profile of amino acids. That would probably
explain the adoption of dhal-roti or dhal-bhat as the staple food in the diet of the people of Indian
subcontinent. When India was faced with massive food shortages in the 1960s, it took some bold policy
decisions to change the outlook of traditional agriculture . In pursuance of this policy, India has developed
amassive research and development infrastructure during the last 25 years. In fact, during the 1940s and
1950s pulse breeders were working mostly in isolation with limited germplasm and limited situations.
However, pulse-improvement work received a fresh impetus in the mid-60s when the All India Coordi-
nated Project for Improvement of Pulses (AICPIP) was initiated. Since then a number of high-yielding
varieties of most pulse crops have beendeveloped. But production of pulses still hovered around 12 million
t for many years. However, the 1988/89 production is estimated to be 154 million 1. A critical analysis
of production gaps showed that there are large differences in yields recorded at research farms and those
obtained at farmers' fields. Evidently, advantage of improved varieties cnd improved agricultural
practices have not been transferred to the farming community. To achieve these results, India has
launched the National Pulses Development Project ona massive scale to extend the high-yield technology
in 28 potential districts for chickpea(CicerarietinumL.) and 20 for pigeonpea (Cajanus cajan(L.)Millsp.).
During the 1990, India w il further strengthen the pulses research improvement work by es'ablishing an
independent pulses research institute with emphasis on multidisciplinary approach, which will help to

meet our production targets for 2000 AD.

Discussion

M. P. Bharati: India has generated considerable im-
proved pulse-production technology including high-
yiclding varieties (HY Vs). However, the yield gap has
still remained large and this may be related to coverage
of pulse area with high-yielding varieties. What is the
estimate of coverage by HYVs?

P. N. Bahl: The vicld gaps you are referring to are due
to various factors including lack of spread of HY Vs. 1
think concerted efforts have to be made to popularize
the newly evolved HY Vs and to iransfer the improved

agricultural technologies to bridge the yield gaps. |
don't have any estimate of the coverage of HYVs of
pulses in India.

A. Ahad Miah: In research needs, you have men-
tioned synchronous podding in case of mung bean
(Vigna radiata (L.) Wilczek), but you did not mention
this for black gram (Vigna mungo (L.) Hepper). Doyou
have synchronous varieties of black gram?

P. N. Bahl: At present we do not have synchronous
varieties in black gram. Variety T 9 may be the best-
available commercial cultivar in this context, espe-

1. Only the abstract is published as the ful: paper was not available.

Citation: BARI (Bangladesh Agricultural Research Institute). 1991, Advances in Pulses Research in Bang!adesh: proceedings of the Seccnd
National Workshop on Pulses, 6-8 Jun 1989, Joydebpur, Bangladesh. Patancheru, A.1™ 502 324, India; International Crops Research Institute for

the Semi-Arid Tropics.
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cially when grown in sur mer.

M. A. Aziz: 1. What are the cropping patterns that the
farmers of India follow for mung bean and black gram?
2. What are the yield potentials of these iwo crops
during summer?

P.N.Bahl: By virte of its early Guration, mung bean
provides an excellent choice as a catch crop in several
niches bothunderrainfed and irrigated situations. It has
shown promise inrice fallows. Black gram is preferred
where a longer crop season in comparison to mung
bean is available, particularly in humid areas. Black
gram is widely grown on rice bunds. During the
summer scason, mung bean rucan yields ranged frem
600 to 1000 kg ha".

M. M. Rahman: Are you not breeding for resistance
to any diseases of khesari (Lathyrus sativis L.)?

P.N. Bahl: Yes, we try to breed varieties resistant to

rustand powdery mildew. However, the priority area is
1o breed varieties with low BOAA content.
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Status of Pulses Resesch and Future Strategies in Nepal

M. P. Bharati

National Grain Legumes Improvement Program G.P.O. Box 404, Khumaltar, Kathmandu, Nepal

Abstract

Pulses are very important crops in Nepal i terms of their contribution to human and animal nutrition,
a< components of indigenous cropping systems, and restorers of soil fertility. They rank fourth in area
and production. Diverse agroclimatic conditions ranging from warin subtropical to temperate allow
Nepal to grow mary pulse crops. Yields of these ciaps have remeined low due to several production
constraints. Re-earch on pulses has been limited and unorganized in the past and effe:1s to deveiup
feproved production technologies have been recent. Research inthe past concentrated mainly or varietal
improvement. The National Grcin Legumes Improvement Program (NGLIP ) was established in 1985 to
coovrdinate pulses researcht vationally in an orgenized and systematic way. A few improved varieties of
some crops have been recommended and some more have been identified. Some management practices
for higher productivity have also been recommended. More significantly, major biotic and abiotic
production constraints have been identified from past research. Therefore, future research strategies have
been developed in order to overcome the identified constraints which include strengthening institutional
capaciny, development of improved varieties and area-specific production technologies with the overall

objeciive of increasing pulse; production in the country.

Introduction

Pulses orgrain legumes including soybean (Glscine max
(L.yMermr.occupy avery impontant place inthe Nepalese
agricultural system. They meet the bulx of the protein
requirement for the majority of the human and animal
popuiation and restore to a grent extent the degraded
soil fertility. They also constitute an integral part of the
various cropping systems followed in the country and
possess considerable potential as an export commodity
in surplus years. These rank fourth in arca and produc-
tion among the major food crops grown in Nepal. The
muior pulse crops are lentil (Lens culinaris Medic.),
Koesari (Larhyrus sativus L.y, chickpealCicer arietinum
L.). pigeonpea(Cajanus cajan (L.) Millsp.), mung bean
(Vignaradiata(L.) Wilczek), black gram (Vigna mungo
(L) Hepper). horse gram (Macrotyloma uniflorum
(Lam.) Verdc.), and cowpea (Viena unguiculata (L.)
Walp.). The area, production, and productivity of these
crops for the past 3 years have shown an upward trend

(Table 1). The unfavorable weather conditions during
the year 1987/88 have slightly reduced the production
and productivity in that year.

The growing environments range between lati-
tudzs 27%and 30'N and longitudes 80" and 86°E with
varying climates and topography ranging from the
humid subtropical lowlands to alpine elevations above
4000 m. The annual precipitation ranges from 1000mm
to more than 5000 mm.

The State of Pulses Improvement

The National Grain Legumes Improvement Program
(NGLIP) has recently (1988/ 89); joined the group of
National Programs under the newly formed National
Agricultural Research and Services Centre (NARSC)
of the Ministry of Agriculture (NGLIP 1988). Prior to
the augmentationtothe National Commodity Program,
limited research on some food legume crops was being

Citation: BARI (Bangladesh Agricultural Research Institute). 1991. Advances in Pulses Research in Bangladesh: proceedings of the Second
National Workshop on Pulses, 6-8 Jun 1989, Joydebpur, Bangladesh. Patancheru, A.P. 502 324, India: International Crops Research Institute for

the Semi-Arid Tropics.
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Table 1. Area, production, and productivity of grain legumes In Nepal, 1985/86 -1987/88.

Area (‘000 ha) Production (‘000 1) Productivity (kg ha')

Crop 1985/86 1986/87 1987/88 1985/86 1986/87 1987/88 1985/86 1986/87  1987/88
Lentil 103.2 107.3 112.8 61.2 73.1 63.1 593 682 56
Khesari 53.3 539 44.0 28.1 289 19.5 527 536 443
Chickpea 294 311 29.6 18.1 21.1 15.6 619 679 527
Soybean 13.2 159 18.7 1.6 9.2 10.1 576 578 540
Black gram  13.6 154 18.3 6.6 9.0 10.3 485 584 562
Horse gram 123 12.1 10.3 7.0 6.6 5.0 569 545 485
Pigeonpea 16.0 17.4 18.5 12.1 134 9.1 758 764 492
Others 25.0 255 12.2 12.8 13.5 6.5 500 529 532

Total 253.6 262.9 264.5 146.1 166.1 139.4 576 631 527

Source: DFAMS (1988).

carried out under the leadership of the Agronomy
Division with no outside support.

NGLIP received priority in the current Five Year
Plan(1985/86-1989/90) and in the Basic Need Program
froni HMG/N, and the support has now been increased.
Inadditionthis, NGLIP has beenreceiving help from
the (nternational Development Research Centre
(IDRC), Winrock  International/ Agricultural Re-
search and Production Project (W!/ARPP), USAID-
Nepal. Morerecently, ICRISAT's Asian Grain Legumes
Network (AGLN)has provided some operational funds
for the research work on chickpea and pigeonpea and
frequent technical services. Other International Agri-
cultural Research Centres (IARCs) such as Interna-
tional Center for Agricultural Research in Dry Areas
(ICARDA), International Institute of Tropical Agri-
culture (IITA), International Rice Research Institute
(IRRI), Asian Vegetable Research and Development
Center (AVRDC), and International Soybean Program
(INTSOY) have been providing germplasm, informa-
tion, training, and exchange of visits (Bharati and
Joyaswal 1989).

Research Accomplishments

In spite of the several major constraints, operational
problems, and lack of adequate staff, NGLIP has made
snme important advances in the pulses improvement
technologies in Nepal. These achievements are sum-
marized below.
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Germplasm collection, characterization .and
preservation

NGLIP is giving increasing priority to this activity. So
far, there has been systematic collection made on
pigeonpea (225), chickpea (250), and khesari (88). The
other food legume species have net been systemati-
cally collected. However, some collection has been
made for lentil (63). NGLIP is presently keenly in-
volved in collecting, characterizing, and preserving
these valuable local germplasm. We plan 1o publish a
small catalogue.

Varietal improvement
As aresult of extensive testing on agricultural stations/

farms and in the farmers” fields, the following varietal
recommendations and identifications have been made:

Recommended

Crop Cultivar  Year Source

Chickpea  Dhanush, Trishul 1979 Local
Sita, Radha 1987 India and

ICRISAT

Mung bean Pusa Baisakhi 1976 India

Lentil Sindoor, Shishir, 1978 Local and
Simrik India

Black gram Kalu 1980 India



Identified

Cowpea IT 82 D 889, IITA and The
ITR2D 752, Philippines
All-scason

Pigeconpea  1CPL 366, Rempur ICRISAT, local
Local

Lentil LG 7, 1L 4304 India, ICARDA

Chickpea ICCL 82108, K 850 ICRISAT, India

Khesari remains an important legume crop. Im-
provement work has been initiated through collection
oflocal germplasm and introduction of low-neurotoxin
tines from Canada. followed by evaluation and selec-
tion. NGLIP has become amember of the Coordinatng
Committee of the Intermnational Network for the Im-
provementof Lathyrus and the Eradication of Lathyrism
(INISEL).

Diseases and Pests

The following pests and discases have been found to be
most damaging to legume crops:
Diseases

Crops Pests

Lentls Nematodes Walt, rust, botrytis

Cowpea Thrips, nematodes Bacterial blight, trog
ese
Chickpea

Nematodes, pod borer Batrvtis, wilt

Pigeonpea  Nematodes. pod borers Stertlity mosaic,
boteytis stem canher

Mung bean/  Nematodes, hairy Frog eve, vellow
Black gram caterpillar MONILIC VTS

Effective screening techniques have been devel-
oped and used Tor wilt disease in lentil and chickpea,
for botrytis in chickpea, sterilitv-mosaic disease in
pigeonpea, and for nematodes in various crops, in
cooperation with ICRISAT. In fuct a number of local
lines have been identitied as resistant. Chemical con-
trol methods have been developed for nematodes and
Major insects,

Managemen: practices

Managememnt practices like chemical weed control in

summer legumes, date and ratio of relay cropping of

lentilin paddy, intercropping ratioof lentil and chickpea
with other winter crops, alley cropping of pigeonpea
and other summer crops, have been developed and

recommended. In addition, information on planting
times and planting methods for other grain legumes has
been generated. Successtul inoculation methodologies
for lentil in the hills have been developed and recom-
mended. Isolation of rhizobial strains from different
agroclimatic zones and for different crops is under
way. Low pH, inadequate nodulation, and low organic
matter were found to be major soil-related constramnts
at Rampur (Inner rerai) and other hill arees.

Various sites of the Farming Systems Research
Division have been used to verify the grain-legume
technology. Feedback from these testing sites and
farmers’ fields has enabled NGLIP to tailor its research
technology 1o farmers’ needs, The distribution of
minikits has enabled a quick and large-scale dissemi-
nation of proven technology.

NGLIP has demonstrated the good adapt-tion and
high yield potential of lentil in the hills and valleys (up
to 2000 m). Lentil is currently used in the production
program in the hills.

Future Strategies

NGLIP will follow the following sirategics with the
general objective of increasing pulses production on a
sustained basis,

Institutional Development

The major functions of research, outreach production,
and training/ information will be carried out from
Rampur, the headquarters for terarand from Khumaltar,
the headquarters for the hills. Presently, NGLIP is
functioning under NARSC which is directly ender the
Ministry of Agriculture. In the tuture, National Agri-
culturagt Research Coordination Committee (NARCC)
and NARSC are eapected to be merged together to
form one autonomous institution and NGLIP will op-
erate directly under the new institution.

Linkage with International Agricultural Research
Centers besides ICRISAT and ICARDA will be ex-
plored and formalized. Additional infrastructure will
be completed at Rampur.

Technical Program
Development of improved varieties

Development of improved varieties will continue 1o
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remain a major activity of NGLIP. Emphasis will be
given to the developent of :

bold-secded and carly lentil varieties,

khesari vaneties witin low neutotoxin,

adapied kabuli types of chickpea.

pigeonpea varicties of short and medium dura-
tion, and

e stable and high-yielding varieties of black gram,
mung bean and cowpea under rice-and maize-
based cropping patterns suitable 1o diverse
agrochmatic conditions,

Rexivtance to biotic constraints

Hybridization (involving local and exotic limes) to
incorporate resistance to already identitied diseases
will be imnated. Priority will be given 10 breed resis-
tance for:

o wiltdisease n lentil aad chickpea

e botrytis gray mold in chickpea

e stertlity-mosaie discase and stem canker in
pigeonpei

e vellow mesaic virus disease in black gram and
mung bean.

Pest control through the development of proper
management methods [ike escape mechanism, manual
control i carly instar stages of hairy caterpillar inci-
dence on mung bean and blach gram. and varietal
sereening tor resistance will receive topmost priority.
In cases of control by pesticides as in the case of pod
borers in chickpea and pigeonpea, different pesticides
wiil be sereened to tind out the most economical and
effective doses.,

Severities of pest inaidences have been found to
vary across vears. Yearly entomological survevs will
be conductedtorind outthe dynamics of pestincidence
and also to identity new pests.

Management practices
Management studies will concentrate upon:

¢ method of land preparation and planting date
studies on lentit in the hills:

e plant density and spacing studies on shont and
medium-duration pigeonpea planted as a
postrainy-season crop in terai;

e management of perennial pigeonpea, including
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number of prunings planted in the bunds of hills;

e date and rate of seeding of lentil and chickpea in
both terai and hills;

o intercropping and alicycropping studies of vari-
ous legumes with maze and pigeonpea;

e evaluation initiated to determine inoculation
technology for acidic soifs at Rampur tincluding
crop species, varieties, rhizobia strains and
rhizobial carriers) will continue. Special studies
like Monutrition, and strain survival underacidic
soil conditions of Rampur willalso be undentaken;
and

e studies will be initiated in timing, application of
phosphorous, zine, and molvbdenum, and incor-
poration of diiferent sources of organic matier,

Biochenucal studics

Nutritionallv, gram legumes ran’s far better than cere-
als. However.many legumes also contain antinutritional
factors. Studies will be initiated in collaboration with
the Central Food Research Laboratory in the areas of
determmation of antinutritional factors ind develop-
ment of simple method . of detoxification,

Seed production

NGLIP will be responsible for producing nucleus,
breeders” and sorne foundation seed of varieties that
are o be released. Foundation seed will also be pro-
duced on other farms. Certified seed of released variet-
ies will be produced by the Agricultural Input Corpo-
ration in farmers” field.

On-farm work

On-farm repitcated trials, often in coordination with
the Farming Systems  Research Division, will be
conducte.] in the major agroclimatic zones, Trals will
address cither the evaluation of improved germplasm,
management practices., or both. Farmers are expected
to participate actively in this process which will en-
hance the dessemination of improved technology.

Transfer of technology, training, and publications

Transfer of technology will be accomplished in col-
laboration with the extension service and by distribut-



ing “minikits". Distribution of minikits has had good
impact. At least 1000 packets will be distributed each
year. Training and publications especially suited to
farmers will be arranged on a regular basis.

Discussion

O. Islam: You mentioned that you have successfully
introduced lentil at 2000 m altitude in your country. Is
it the same variety for higher altitudes which is grown
in the inner rerar’?

M.P. Bharati: Same varicties are doing well in both
environments. However, the lentil cultivar *Simrik®
performs well inthe hills and is recommended for those
areas,

M.A. Zaman: You have not said anything about
postharvest research strategies. Don’t you have any
problems regarding drying of pulses during monsoons
or in farm-level storage or for milling?

M.P. Bharati: Harvesting does not coincide with the
monsoon in Nepal. So we do not have the problem of
drying. Long-term storage poses pest problems. This
problem will be tackled as we strengthen NGLIP with
technical manpower.
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Status of Pulses Research and Future Strategies in Myanmar

U. Thaung Pe

Myanmar Agricultural Service, Rangoon, Myanmar

Abstract

Pulses are imporrant in the agriculiure of Myanmar. These cover about 8.5% of the roral culri vated area.
Chickpea (Cicer arietinum L.), lima bean (Phascolus lunatis L.), black gram (Vignamungo (L.) Hepper),
pigeonpea(Cajanus cajan (L.) Millsp.), lablab bean (Lablab purpureus (L.) Sweet ), and mung bean (Vigna
radiata (L.) Wilczek) account for 80% of all pulse crops. The central part of Myanmar uccounts for 80%
and the delta region 10% of the total pulses arca. The productivity in general is low because of  (a) lack
of high-yielding cultivars, (b) poor cultural management, (¢} inadequate plant-protection measures, (d}
poor postharvest handling and storage facilities, and (e) price instability.  Recently high-yielding
chickpeda cultivars suchas Yezin I (P 436), Shwekvimon (K 850 x F 378),1CCV 2,ICCC 4. 1CCC 32, aqd
1CCC 42 have shown promise. Similarly i black gram, Yezin 1, and Yezin 2, in mung bean, Pedisein |
tod; in pigeonpea, Yezin | and Yezin 2. and in cowpea (Vigna unguiculata (L.) Walp.) Yezin I produced
high yields at research stations. Farmers® field demonstrations of these have been carried out in 164
townships. Future strategies include: subzoning of the country into four zones for better management,
introduction and breeding of high-yielding disease-resistant cultivars, and development of packages for

higher production that will be demonstrated to the farmers.

Introduction

In the cconomy of Myanmar the importance of food
[epumes has long been recognized both in agriculture
as a traditional component and as a souree of protein in
the diet. These occupied 8,44 (346 080 hain 1986/87)
of the total cultivated areit ot 1O mitiion ha. Despite the
present status of low productivity per hectare, the total
production of 613 060 1 s sutficient o meet the

domestic needs and we were able to export 97 0G0 1 of

pulses in 1986/K7.

Eleven species make up the family of food legumes
m Myanmar. However.chickpea (Cicer arietinum L),
lima bean (Phasceolus lunans o, black gram (Vigna
mungo (L) Hepper), pigeonpea (Caranies capan (L)
Millsp.y, lablab bean (Lablab prurpurens (1) Sweet),
and munyg bean (Vigna radiata (L. Wilczek s, consti-
tute 80% of all food legumes. and are under more
intensive study. Itis hoped that other legumes of equal

importance will be incorporated as the Pulses Division
of the Agriculture Research Institute is strengthened
withmore trained personnel. The pulses are confined to
two mijor zones, About 80% of the area is in the dry
sone oreentral part of Myanmarand 10% is inthe delta
region. Both regions have tremendous potential for
improvement, but the nontraditional area, i.e.. the delta
regron, can be regarded as the new frontier forexpansion
of these crops, Pulses are nomally classified into three
categories, depending onthe nature of cropping system:
1. as catch cropsin the multiple-cropping system:

2. as contingent crops when there is @ main-crop

failure; and

I as main crops, as i the dry zone.

The cultivation is spread over i large area and in
different seasons. Theretore productivity and profit-
ability can also be expected 1o vary, for example,
pigeonpea is planted with the onset of rains, lima bean
as a mid-season crop, and chickpea, which has the

Citanon: BARI (Banglade.h Agnceultural Research Institute). 1991, Advances in Pulses Research in Bangladesh: proceedings of the Second
National Workshop on Pulses, 6-8 Jun 1989, Joydebpur, Bangladesh. Patarcheru, A P. 502 324, [ndia: Intemational Crops Research Institte for

the Semi-And Tropics.
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Table 1. Mean area, production, and productivity of
food legumes in Myanmar, 1985/85,

Area Productivity  Production

(*000 ha) (tha!) ('0001)
Black gram 78.01 0.76 51.62
Mung bean 36.99 0.41 14.56
Pigeonpea 62.23 0.52 28.42
Lima bean 66.14 1.02 633.99
Lablab bean 83.12 0.61 46.60
Chickpea 177.30 0.72 109.55

largest hectarage, is a late rainy-season crop. The area
distribution and relating cropping systems are shown
in Tables 1 and 2,

The first auempts 10 establish research and the
improvement of the pulses in Myvanmarwere recorded
by several scientists and economic botanists betore
World War 1L This period is regarded as the tirst phase
in food-legume rescarch. Karachi. chickpea cultivar,
and Mokilima, a tima bean cultis ar introduced in 1923,
are sull being grown widely although, as can be seen
from ~several vield rials carried oul, their productivity
under the simple growth ‘ndes 1SGI indicated low
efficieney in prain production. The postwar vears until
1974 can be assumed 1o be the seeond phase inthe food
legume research of Myanmar. Activities duning this
peniod. though they produced numerous data on tertil-
ertrials and date of sow ing, did not have the desired
impact on tood-legumes improvement, since priority
Was given o research on cereals and oil crops. Results
from these trials also did not show other tactors such as
sol moisture. daylength sensitivity, or effects of these

Table 2. Area, and cropping systems for major food
legumes in Myanmar, 1984/85.

Upland
crop-

Mutltiple-

Total area Mixed+mono rice-

sown tha) % based (%) based (%)
Chickpea 158 865 5 31 34
Pigeonpea 81 386 99 nil l
Mung bean 91 800 13 85 2
Limabean 223 398 26 2 72
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variables on seed size. The luck of these is not so much
aquestion of ommision by researchers but the lack of
development of these coneepts. As pointed out by
Rajan (1978) in his report, research on food legumes
wascarried outon 16 experiment stations and 54 farms,
Prominent cultivars that were released during this
period were Madagascar, Mahlaing flar, and white
lima bean: and P 11-30 black gram. From 1974 on-
wards to the present is the third phase in food-legumes
research. This period is marked by the introduction of
the Food Crops Development Project, assisted by FAQ/
UNDP. This constitutes the first time that exclusive
research on pulses was organized, The projectaimed at
strengthening the Agricultore Research Institute, which
previously did not have a research program for these
crops because it was not yettully statted,

The Food Legume Specialist of the FAO/UNDP/
FCDP/Project. warking withthe Agriculture Research
Institute (ARD, has been able 1o identity the problems
and constrints on production of food legumes and,
based on this study. long- and short-term recommen-
dations were formulated, The project also opened
contacts with other mtemational organizations and
agencies. This has helped the pulses project in the
exchange of scientists. introduction of genetic stocks,
and the trning of national scientists,

Constraints to Production

Inmany ways the problem of low vields in the central
ordry zone region of Myanmar, where 804 of the food
legumes are cultivated, fies with the attitude of the
legumes. These
tarmers. although noted for their perseverance and
mtelligence inthe cultivation of other drv-zone crops,
have not given tood legumes the attention or the

farmers themselves towads tood

intensity of farming practices equalto other crops., The
reasons are thaterop failures are ofien experienced due
to inadequate moisture: raintall i irregular, and there
are droughts. Legume cropsare theretore not given the
priority they deserse, resulting ina further lowering of
vields,
The limiting factors have been identified as below:
1. Poor crop management and husbandry;
2. Lowyiceld potentiad of the indigenous landraces,
these being highly variable:
3. Narrow genetic resources and slow and limited
availability of  exotic germplasm;

4. Low levels of inputs;
5. Inadequate plant-protection measures;
6. Low priority status of the crops;
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Inadequate postharvest handling and storage;
and

Economic problems such as price instability,
quality control, and grading

The above factors, either individually or in combina-
tion, contributed to low levels of production. There-
fore, the Agriculture Research Institute has formulated
long- and short-term programs based on the following
rescarch priorities:

2
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Selection of specific field crops (chickpea, black
gram, mung bean, pigeonpea, lima bean, and
cowpea (Vignu unguiculata (L..) Walp.).
Cropping systems (mono, mixed, multiple
cropping).

Cropping region (dry zone, delta region, and
others).

Specific export requirement, with particular
reference to quality and quantity.

Specific domestic requirement.

Regional and seasonal requirement.

Proper cropping systems.

End-use pattern requirement (nutritional values
and antinutritional factors).

Varietal Status of Pulse Crops

Chickpea

Present cultivar  Karachi: introduced in 1923,

New selections

P436released in 1982 as Yezin 1. K
850 x F 378 is a promising cultivar
under consideration; refeased culti-
var will be given the name-
Shwekyimon. Other promising cul-
tivars are: ICCV 2, ICCC 1, ICCC
42, and ICCC 32, ICCV 2is able to
stand stress and 1s of short maturity;
it is well suited as a second crop in
problem soils.

Pigeonpea

Present cultivar

Kywegyan Shewdigar and Ngasan
Pe. Although these cultivars still
lead in general cultivation, and are
long-duration types; these also pro-
vide firewood. Pigeonpea is inter-
cropped with sesamum, groundnut,

New selections

Black gram

Present cultivar

New selections

Mung bean

Present cultivar

New selections

Lima bean

and short-staple cotton.

Yezin 1 (1980), Yezin 2(BR-172)
(1982).

The cultivars ICPL 83074, ICPL 87,
ICP1 7035, and ICPL 8324 were
found promising, having the desir-
able characters of high vield, short
duration, and dwarf stature. These
traits are ideal in the cropping sys-
tem after sesamum, mung bean, and
rice.

P11-30 has now replaced an older
late-maturing local cultivar. This is
carly-maturing,.

Cultivar P45-1 (Yezin 2) has been
released. Itishigh-yielding, has large
seed size and is good for expor.

U 19 (Yezin 1) is daylength insensi-
tive and early-maturing. It has been
released. Under consideration for
later release are PL S5-364 and BP 3,
the latter being an carly-maturing
cultivar (80-90 days).

Pedisein, a small-sceded cultivar is
late-maturing but is still widely cul-
tivated.

Yezin-Pediseinlreleased in 1980,
Yezin-Pedisein 2 released in 1982,
Yezin-Pedisein 3 released in 1988,
Yezin-Pedisein 4 released in1988,
Myakyomon - | released in
1980,Myakyemon 2 (CES-87) re-
leased in 1982.

Sample !, acultivar with only 60-65
days duration, is expected to replace
sesamum in some locations.

VK 76-1 isanother new introduction
that is suitable for the Upper
Myanmar I Region.

Present cultivar  The majority of the area is sown with
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anold cultivar released in the 1960s
from the Mahlaing Experimental
Farm. Two other cultivars; M | and
M27/30, are also grown. These are
all daylength-sensitive,

New selections Pl 83-10,G 25192, PL&3-11, and PL
85-10.

Cowpea
Old cultivar Bocate is still grown but it will he
replaced by Yezin 1 (Pelun), Vitad,
ashortand carly-maturing vegetable
type from IITA is resistant to both
aphids and bruchid beetie.

Continuing activity on cultivar selection, and intro-
duction of germplasm from various international agen-
cies, 1s being carried out by the Agriculture Research
Institute at Yezin, and at other locations and experi-
mental farms. Preliminary and advanced tests on re-
search stations and trials on farmers” fields have been
carried out for adaptability and acceptability. Since
TORO/KT a total of 560 variety trials have been con-
ducted.

Agronomic Practices

Atotal of 449 triads have been carried out follow:ag
cultural practices to maximize production, These in-
¢luded agronomic trials on oplimum time of sowing,
plantdensities, and methods of ferttlizer application. In
total. 164 township field demonstrations have been
carried outin cooperation with the Extension Division.
Pilot-scale production blocks ¢(100) of 200 ha and
smiabler blocks (68) of 40 ha were planted in various
parts of the country.,

Another major achicvement of the food legume

work has been the Rhizobium trials, and distribution of

large quantity of Rhizobium packages. A total of 1203
rhizobia trials helped convince farmers of this new
fertilizer alternative in 1987,

Other agronomic practices included and studied
were for the semi-arid dry zone. Methads for breaking
of hard pans by various small farm implements for the
cultivatinn of food legumes have been introduced, but
the transfer of these new technolegies will have 1o be
closely linked with the Extension Division inorder that
the cultivators become fully aw wre of them. Many
improvements will still have to be made in these
ongoing rescarch programs,
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Future Strategies

The present strategy for food legumes in Myanmar has
focused on the improvement of cultivars, and this will
continue. Substantial numbers of gennplasm have been
assembled with the help of several intermational research
institutes and organizations (Tabte 3). A structure for
varietal improvement has been formulated for various
regions. Breeding for an increased number of better
strains continues, at the f\gric‘ullurc Research Institute
and various experiment stations. It is expected that
high-yielding cultivars from other sources will be
identified for each region and season. With the present
change ineconomic policy. food-legume improvement
programs should include v rk on low-input cultivars
and lay emphasis on high-vielding, Kigh-input culti-
vars as well,

In compliance with the national program to in-
crease food-legume production an immediate research
program will be laid down to cover each of these areas
ot production and to study natural constraints in difter-
entregions., and to identify specitic crops for specific
zones. These may be grouped into four regions:

e the delta region for a second crop after rice;

e dry sone region, with emphasis on moisture
stress,

e irrigated regions: and

Table 3. Germplasm of food legumes available at the
Agricultural Research Institute, Yezin, Myanmar, 1989.

Types of germplasm

Crop Landraces Exotic Total
Lima bean 85 194 279
Mung bean 47 46 93
Chickpea 26 506 532
Pigeonpea 3 222 225
Black gram 38 112 150
Soybean 3 164 167
Winged bean 2 18 20
Kidney bean 1 67 68
Lablab bean 10 2 12
Lentil 4 167 171
Total 219 1498 1717

Source; ARI (1989)




o  highland regions — Shan and Kachin — for
soybean (Glveine max (L.) Merr.) and other le-
gumes,

The deltua region

This region accounts for 10% of the total area and
legume cultivation can be ¢xtended there. The southern
delta area (Irrawaddy, Rangoon, Pewu, in Lower
Myanmar) is characterized by heavy seasonal rainfall,
but such food legumes as chickpea, black gram, mung
bean, and soybean, which follow paddy crops, are
raised inthe dry rart of the year. This area has rfavorable
soif conditions and casy access toirngation. The main
problem is acidity of sotls and high temperature that is
not conducive to maximum production. The research
thrust tor this region will be for the breeding of culu-
vars that are tolerant to low soil pH and high tempera-
ture.

Upper Myanmar dry zone region

As the Agriculture Research Insntute and most of the
experimental stations are already in this region, there 1s
a concentration on the research for food legumes but
future strategy will be to strengthen the present re-
search programs and staff. This area will need drought-
resistant, daylength- and thermo-insensitive culuvars,
For puits of this area under irngation high-vielding
cultivars that can utilize high inputs should be given
priority in variety selection programs,

Irrigated regions

These are mostly in Upper Myanmar where irtigation
is available and farmers cultivate pulses. Therefore,
cultivars which respond to high inputs and irrigation
and which can be rotated with rice are needed. Returns
from pulses should be comparable 1o those from other
high-vielding crops.

Hightand regions

These aresituated between 22N and 26"N latitude, witi
an average altitude ranging from 500m 1o 2000m. This
area has assured rainfall and the soil condition is well
suited for soybeans, kidney beans (Phaseolus vulgaris
L.), and chickpea. Becaute of low temperature in

winter, most food-legumie crops will have to be grown
as carly rainy-season crops, that is in May, and June or
July or August. Identitication of species and cultivars
that will suit this area, and exploring the potential of
this arca is one of the thrust areas for research. Results
from the ICRISAT research at Gwalior will be usefui
in the development of food grain crops in this region.

Conclusion

Food lepumes occupy an important sector in the
cconomy of Myanmar. These meet the domestic re-
quirement and also generate foreign exchange. Never-
theless, the present export volume is much lower than
in carlier years. During 1958 10 .967 Myanmar ex-
ported an average of 105 600 1, but in 1986/87 the
export has gone down to 90000 1. The decline may be
due to many tactors and one of thenm is the low quality
of the produce. Improvement of quality and size of
grains is one of the mostimportantcharacters forall the
cultivars that are to be released in the tuture. Thus
postharvest technology should be taken into account,
The rescarch for Helicoverpa resistance or tolerance
and other plant-protection measures will also be con-
sidered.

Six food-legume crops comprising chickpea, white
fima bean, pigeonpea, black gram, mung bean, and
COWped were given priority i the present rescarch
program. With the expectation ol expanding trade
inclusion of soybeans, kidney bean. and other food
fegumes such as lentil (Lens culinaris (L) Medic.).
should also be considered for further research pro-
grams. About 8% of food-grain crop production is
handled mechanically. Traditional implements must
be improved or increased use of tractors must be
vonsidered. The Intemational Rice Research Institute
(IRRI) Farming Systems Project 1s working on a new
type of plow for zero tillage or minimum tillage after
paddy for food-legume crops, which may be quite
useful.

Discussion
D.G. Faris: Can you please explain how you transfer
your technology through your 40-ha blocks - through
ARI ARD, extension ? How is the farmer involved in
this process ?
Thaung Pe: Agriculture extension, rescarch, distribu-

tior, and procurement of inputs are under our organi-
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zation, which facilitates transfer of technology to the
farmer. With the help of the administrative agency,
high technology sites are selected. Improved seeds and
inputs are supplied in these areas. The results are
shown to other farmers during ficld days.

The involvement of the ARI is in the formulation of
technology and supply of basic seeds. Formulation of
technology is based onresearch funding incollaboration
with extension package programs. The Applied Re-
search Division multiplies the basic seeds obtained
from ARI and tests the technology. Registered seed is
supplied to the extension division.

J. Kumar: FAO records show that mean yield of
chickpea in Myanmar in 1986/87 was 0.93 t ha, The
mean yields in your paper for 1985/86 are 0.43 t ha ',
What is the actual position??

Thaung Pe: Mean yiclds of chickpea in Myanmar for
1986/87 were 0.8% tha ' This is taken from the Burma
Land Research final report. Myanmar produces the
firstsurvey report in October and the second survey in
January. The annual report is published at the end of
March. There canbe discrepanciesin figures depending
on which report was referred to.
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Breeding Lentil for High Yield, Stability, and Adaptation!

R.S. Malhotra and W. Erskine

Intemational Center for Agricultural Research in the Dry Areas,
(ICARDA), P.O. Box 5466, Aleppo, Syria

Abstract

Lensil (Lens culinaris Medic.) is an important food legume in West Asia, the Indian subcontinent, Southern
Europe, North Africa, Ethiopia,and North and South America. Mean lentil yields are low because of poor
crop management and low yield potential of landraces. In South Asia and East Africa diseases are also
major constraints to production  The breeding schemes followed at ICARDA for the Mediterranean
countries, southern latitudes, and high-elevation areas are discussed. Strategies for breeding cultivars
Jor earliness und wide adapiation, suitabie for mechanical harvesting, resistant to diseases (wilt and root
rot, rust, ascochyta hlight, botrytis gray mold, and stemphylium blight), cold, and drought, have been
discussed. Some joint efforts by ICARDA and Bangladesh food-legume scientists for improvement of

lentil in Bangladesh are discussed.

Introduction

Lentil (Lens culinaris Medic.) is an important food
legume in West Asia, the Indian subcontinent, South-
em Europe. North Africa, Ethiopia, and Northand South
America. The crophas a high nutritive value and is also
used as an animal feed.  Lentil fixes atmospheric
nitrogen in association with Rhizobinm sp and is thus
very important in rotation with cereals in maintaining
the nitrogen balance in the soil.

Lentilis cultivated as a winter crop in the Mediter-
ranean region and the Indian subcontinent, and as a
spring crop in the Central Anatolian Plateau in Turkey.,
North Europe, and the Americas. {t is predominantly
a rainfed crop.

Area and Production

The area, production, and productivity of lentils world-
wide (FAO 1970, 1981) revealed that the production of
lentil increased by 15% between 1961-1965 and 1979-
81 and almost all of this increase (84%) came through

an expansion in arca. Between 1979-81 and 1985-87
tentil production increased by 88% ., and 36% of this
occurred through increased productivity (FAO 1987),
However, mean  lentil yields are still low because of
poor crop management and the low yield potential of
the landraces which are still being grown in most areas.
In South Asia and East Africa diseases are also a major
constraint to production. Acvcordingly, an integrated
approach to lentil improvement needs to be followed
which should involye both improvement in production
technology and genetic stocks.

Breeding Objectives

Lentil is grown in a wide range of geographical areas
with varied agroclimatic conditions. Thus the constraints
to production also vary according to prevalent condi-
tions. Yield remains the prime objective, and the im-
portance of other attributes varies depending upon the
environment.

For high-altitude arcas in Afghanistan, pants of
Iran, and the Central Anatolian Plateau in Turkey,
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where the crop is currently spring-sown, the success of
autumn sowing depends on the dezree of winter-har-
diness.

In Mediterranean environments at low to medium
altitudes, where straw is also economically imponart
in the faming systems, high biomass (seed + straw
vield)y, wilt resistance, and drought tolerance are im-
portant attisbutes. Further, with the increasing labor
cost forhand harvest, traits assisting the mechanization
of lentil require special consideration,

For the Indian subcontinent the specific traits re-
quired in addition o high yield, are resistance to
ascochy ta blight, rust, and wilt,

Genetic Variation

The genetie variation existing in the crop and its wild
relatives is the basic resource of any breeding program,
The largest collection of both wild and cultivated lentil
is mamntained at the International Center for Agricul-
tural Research in the Dry Areas (ICARDA) and labeled
the International Legume Lentil (ILL). currently
comprising 7000 cultivated accessions. About 4500
accessions trom 52 countries have been evaluated for
17 desceriptors and a Lentt] Germplasm Catalog has
been pubhished (Erskine and Witcombe 1984). The
ranzes (muinimum and maximum values) for some
quantitative characters in this germplasm collection
are given in Table 1.

Breeding Methods

Lentil is a self-pollinated species. Very little cross
pollination (_<1.0%) has been observed in lentil. The
breeding methods common for self-pollinated crops,
viz.,puic-line selection, pedigree method, bulk method,
and back-cross method are all followed by lentil
breeders.sametimes with modifications. Mutagenesis
has also been used to improve existing cultivars for
specific traits. The breeding scheme being followed at
ICARDA is described belov:

A total of about 350 crosses are made annuaily for
the three major target regions according to the ditferent
regional objectives. These crosses are then handled as
three streams within the breeding project with the
material for cach target region being of a different
maturity type: southern latitudes, carly-maturation
stream;  Mediterranean region, medium-maturation
stream; and high-elevation areas. late-maturation
stream.

The material forthe three streams is handled together
for the first few generations. A diagramatic represen-
tation of the scheme employed is given in Figure |
(ICARDA 1986). All the crosses made at Tel Hadya
are grown as Fgeneration'in a high-elevation, off-
season, summer nursery at Shawbak, Jordan, with
irrigation. The F, generation is grown ut Tel Hadya in
winter and bulk harvested. Seeds from these bulks are
used for the international F_ nurseries, medium-matu-
rity (large- and small-seeded LIF N-L, LIF N-8), cold
tolerance (LIF N-CT). and early maturity (LIF N-E). A

Table 1. Range for various descriptors in lentil germplasm, ICARDA, Syria.

Character Minimum Maximum Mean C.V.(%)
Days to floering 100 162 132.8 9
Days to muturity 144 188 163.3 6
Plant height (cm) 10 45 25.8 18
Height of the lowest pod (¢cm) 3 30 13.6 31
Biological yield (tha') 0.13 10.36 3.68: 42
Seed yield (tha ") 0.05 3.26 1.14 45
Straw yield (tha ') 0.08 8.15 2.54 48
Harvest index 0.02 0.79 0.32 29
100-seed mass (g) 1.10 8.62 3.22 37
Seeds pod’ 1.00 2.00 1.53 15
Protein content (%) 18.6 30.2 25.78 7

Source: Erskine and Witcombe (1984).
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Figure 1. Luntil breeding scheme used at ICARDA showing streams for different target areas.
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subsample is sent to the off-season nursery for gen-
eration advancement through the F, generation by the
bulk method.

For the Mediterranean stream, single-plant selec-
tions are made at the F, generation on the basis of
phenology, growth habit, and seed characters. The F,
progeny rows are grown in a systematic design. The
selected progenies are then grown in a Preliminary
Screening Nursery (PSN) in F, in an augmented block
design. theninreplicated Preliminary Yield Trial (PYT)
in F. at three sites with widely differing annual mean
rainfall Tel Hadya, Syria tannual mean rainfall ca, 330
mm); Breda, Syria (ca. 280 mm); and Terbol, Lebanon
(ca. 550 mm). Screening for fusarium-wilt resistance
starts at F.. The promising entries from PYTs are
advanced to Advanced Yield Trials (AYT) which are
again grown at the same three sites in larger plots and
the material from these is sent to various national
programs in the form of intermational nurseries.

Development of the caily-stream material for
southern latitudes has been carried out since the 1983/
84 season in cooperation with the Pakistan National
PulsesProgram, National Agricultural Research Cen-
tre (NARC), Islamabad. Segregating populaiions from
carly crosses in the F_generation are sent to Islamabad .
torsingle-plantselection. Inaddition, selections made
torecartiness wt Tel Hadya are sent to Islamabad in vield
trials tor sereening for ascochyta blight resistance.

For the high-elevation, late-maturity stream, ma-
terial is developed in collaboration with the Turkish
National Legume Program.  The F_ generation of
crosses made with cold-tolerant parents is sereened tor
winter hardiness at Haymana Research Station near
Ankara at _>1000m elevation.  This collaborative
arrangement with the two national programs has enabled
more selections and tests for disease resistance and
adaptation in the target regions.

Breeding Tall Types Suitable for Mechanical
Harvesting

The increasing cost of harvest labor prevents some
farmers in the Middle East and other countries from
growing lentils.  Further, traditional cultivars are
lodging-susceptible, short, with semi-prostrate growth
habit, and have pods which shatter and drop. Heritable
differences insusceptibility tolodging have been found
(Erskine and Goodrich 1988).  Further, mechanical
harvesting by cutting or pulling requires a clearance of
about 15 cm between the soil surface and the lowest
pods. Material with higher first-pod height is not
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suitable and is, in fact, more prone to !adging. Genetic
variation in pod dehiscence has been found (Erskine
1985) and is being exploited at ICARDA.

Simultaneously, systems for mechanical harvesting
of the crop have been developed. These include the
lentil puller (for existing cultivars and production
practices), mowers (for use on tlattened seedbeds and
nonlodging cultivars), and combine harvesters (for use
onwellprepared seedbeds sown with eultivars improved
for mechanical harvesting),

Breeding for Resistance to Diseases

Lentils suffer relatively less damage from discases
than other legume crops. The most common fentil
diseases include wilt, root rots, rust, ascochyta blight,
botrytis gray mold. and stemphylium blight, Resistance
to botrytis gray mold is available from the joint scoring
done in Islamabad, Pakistan. But no sources of resis-
tance to stemphylium blight are known. Some of the
salient features of the important discases are given
below.

Wilt and root rots

Wilt and root rots in lentil are widespread. The most
important disease is vascular wilt, caused by Fusarium
axvsporum £.sp. lentis. Sources of resistance to this
disease are known (Kannivan and Nene 1978; Khare
198(). A simple, rapid, and reliable technique has been
developed at JICARDA to sereen lentil germplasm at
the seedling stage for resistance to wilt (Bayaa and
Erskine 1990). Using this technigue. several lines have
been identified with & useful degree of resistance,
which are now being exploited in breeding for resis-
tance. There is no published record of inheritance of
resistance to wilt,

Rust tUromyces fabae)

Rust is important, particularly in the Indian subconti-
nent (Khare 1980). Ethiopia, Morocco, and South
America (Riva 1975). Several resistant genotypes
have beenidentified by Pandyaetal, (1980). Locations
like Debre Zeit in Ethiopia and Pantnagar in India are
useful hot spots for rust-resistance screening. Evalua-
tion of breeding material in Ethiopia and Morocco for
rust revealed several resistant sources, which are now
being used in breeding for resistance. Rust resistance



is conditioned by a single gene with resistance domi-
nant to susceptibility (Sinha and Yadav 1989). Na-
tional programs in Chile, Ecuador, Ethiopia, and Paki-
stan have released rust-resistant lines from ICARDA.

Ascochyta blight (Ascochyta lentis)

The discase is economically important in the Indian
subcontinent (Khatri and Singh 1975) and Canada
(Slinkard and Drew 1982). It is scedborne and attacks
leaves, stems, fruits, and seeds.  Screening against
ascochyta blight is being done with the help of NARC
Islamabad and the Agricultural University, Faislabad,
Pakistan. Many resistant sources have been found and
resistant breeding lines are in advanced stages of test-
ing. There is no published record on inheritance of
resistance to ascochyta blight.

Breeding for Resistance 1o [nsect-pests

Among the insects which damage fentils, the weevils of
the genus Sitona, pod borers (Etiella linearus), bruchid
(Bruchus spand Callosobruchus chinensiy), and aphids
tAphis craccivoray are of economic importance.
Screening tor host-plant resistance against Sitona has
been done at ICARDA but was unsuccessful and
abandoned due to lack of genetic vaniation.

Breeding for Cold Tolerance

Screening germplasm under severe winter conditions
(temperatures down to - 26°C) has revealed cold toler-
ance in 238 of 3592 accessions tested (Erskine et al.
1981). Winter-hardy lines are being considered for
release in Turkey for autumin sowing, where sowing is
tragitionally in spring.

Breeding for Drought Tolerarce

In West Asia, lentil is cultivated mostly in the region
between the rainfall isohyets of 275-400 mm year'.
Although such areas are characterized by variable
rainfall, the most commonly encountered drought and
heat stress is during the reproductive period of growth.
Droughttolerance is required to stabilize production in
these areas, and possibly toenable productionin Jower-
rainfall zones.

Drought tolerance is now being measured by ma-

nipulating the total seasonal moisture supply atone site
with a normal date of sowing using a line-source
sprinkler. Another approach is to select for drought
avoidance through early maturity. The considerable
variation among early flowering lentil accessions is
being used. Further variability for response to drought
stress may be found within Lens culinaris subsp
orientalis.

Breeding for Earliness

Early maturing types are required in the lower-lati-
tudes of the Indian subcontinent and in Ethiopia. While
approximately 40% of the world lentil area is to be
found in India, genetic diversity within Indian
germplasm is very narrow and exclusively within the
pilosae type (Barulina 1930).

Phenological problems associated with the intro-
duction of Meditzrranean germplasm into the Indian
subcontinent led to the suggestion of the existence of a
daylength bottleneck, restricting the flow of germplasm
into India (Erskine and Hawtin 1983). Recent data
show this to be an over-simplification, because selec-
tion during the spread of the crop into India has been
directed toward increased sensitivity to temperature
and reduced sensitivity to photoperiod (Erskine et al.
1990). This emphasizes the role of selection of phenol-
ogy in the evolutionary history of lentil and also the
need to select for an appropriate phenology during
plant introduction into southern fatitudes in order to
widen the genetic base available 1o local breeders.
Early maturing. discase-resistant lines are now emerg -
ing from the program, but reconfirmation of their
disease reaction s still required.

Breeding for Quality

There are no fixed quality standards for lentil seed or
straw in most developing countries. Some standards
based on local landraces must be set as a basis for
comparison. The important characters forseed include
size, color, protein and metinunine concentration, ease
of decortication, and cooking quality. Studies at
ICARDA revealed that the time required for cooking
wits well predicted by the seed size with a genetic
correlation of r = .92 (Erskine et al. 1985). There is
genetic variability for all the above characters within
the germplasm ot cultivated lentil. The present aim of
breeding with regard to quality is to monitor all these
traits so that unacceptable levels in relation to the
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established standards are not found in newly developed
cultivars.

Breeding for Wide Adaptation

The development of lentil germplasm which maintains
a high level of performance over a wide range of
environments within a target region is an important
goal of the lentil improvement program. Elite lines and
segregating populations of lentil are, therefore, devel-
oped at ICARDA and distributed cach year as inter-
national nurseries and trials to the national programs
for evaluation and use under local conditions.

Some entries having specific adaptaticn to particular
environments have been identitied from these materi-
als and released for general cultivation by the national
programs. Forexample, the fentil ine Manserha 89 has
been released for Northern Punjab and the North-West
Frontier Province in Pukistan. I addition, a line FLIP
86-38L which has given high vields at Isfamabad and
wis resistant to asocochyta blight in two seasons and
has i good seed type.

The lentils of Bangladesh are amony the carliest to
Nower in the world germplasm collection. Conse-
quently, access to variability in @ medium-season or
late-season background is himited, because of prob-
lems with lowering synchrony in crossing. [CARDA
is crossing the LS culuvar from Bangladesh with
difterent sources of resistance to rust and the F, gen-
eriation is being grown in Bangladesh to incorporate
rust resistance into an adapted background. Further
crossing with other sources of carly flowering lentil is
being done at ICARDA 10 broaden the genetic base of
the crop in Bangladesh.
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Recommendations

Each workshop session was followed by group discus-
sions, from which rccommendations were evolved.
Given below are the general proposals, followed by the
recommendations made on specific aspects.

General proposals

Khesari (Lathyrus sativus L.), lentil (Lens culinaris
Medic.). chickpea (Cicer arietinum L.), black gram
(Vigna mungo (L.) Hepper), and mung bean (Vigna
radiata il..) Wilczek) account for about 959% of the
arca under pulses in Bangladesh. Therefore, a major
research thruston these crops was proposed. A limited
and localized research etfort was suggested for
pigeonpea (Cajanus cajan (L) Mitlsp.y, cowpea(Vigna
unguiculata (1Y Walp.), and ficldpea (Piswm sativium
subsp arvense). The working group also made the
following general recommendations.

1. Procure more germplasm of khesari, lentil, black
gram, mung bean. and minor pulses,
Strengthen field and laboratory screening for
resistance to major biotic and abiotic stresses.
Expand facilities for pulses research in terms of
staff, laboratories. and equipment. especially
formechanical seeding. intercutture, harvesting,
drying. seed handling, and storage.
Strengthen intra- and inter-institutional coop-
eration within the country.

Increase the opportunities for cooperation with
some international organizations as Interna-
tional Crops Research Institute for the Semi-
Arid Tropices (ICRISAT), Intemational Center
for Agricultural Research in Dry Arcas
(ICARDA).  Asian Vegetable Research and
Development Center tAVRDC), and with
neighboring countries, especially the National
Burcau tor Plant Genetic Resources (NBPGR)
in India.

Create suitable facilities for large-scale seed
production of high-yiclding cultivars.

6.

[ .-

R Rt B "y _
Wi W LT s e,
N s Wy, 5.4 L
 Rlba s G

Breeding

Discussion Group Participants

M. Obaidul Islam
Ali Newaj

P.N. Bahl
Jagdish Kumar

M. Matiur Rahman (Leader)
Ashutosh Sarker

A. Khaleque

D.G. Faris

¢ gt
’

L PP

Majorbreeding efforts shouid be undertaken on khesari,
lentil, chickpea, black gram, and mung bean in
Bungladesh. Limited work should be done on pigeonpea,
cowpeaand fieldpea. Shortage of manpower precludes
indepth studies on the latter three crops.

Future Strategy

The major problems have been identified and priori-
tized. Priority | problems should be undertaken imme-
diately with the existing manpower and the rest should
be taken up when more manpower and other resources
are available,

lentid

The main working strategy tobe followed is to develop
materials with a relatively larger seed size, disease
resistance and higher harvestindex. Consequently. the
tollowing research priovities have been set,

e Prionity I high-yiclding, short-duration, rust-
and stemphylium blight-resistant varieties.
o Priority II: varieties for fate sowing.
o Priority Il: varieties responsive to high inputs
(irrigation and fertilizers).
e Priority IIl: varicties for nontraditional areas,
Chickpea

Research needs to be undertaken for the development
of varicties with medium seed and higher harvest
index. The following priorities have been set.

Priority I: high-yielding, wilt-, botrytis-, and
collar rot-resistant varieties.

L
CETER
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*  Priority II: high-yielding, botytis gray mold
and root rot-resistant varietics.

e Priority II: varicties suitable for Barind and Tista
tracts.

e Priority II: varieties for late sowing.
Priority 11: kabuli-type varietics.

s Priority II: varieties for high-input conditions.

Khesari

The following research priorities have been set for the
development of suitable materials.

o Priority I: high-vielding, low-toxin varieties.

o Priority lIl: downy mildew (DM) resisiant vari-
eties,

e Priority HI: high-fodder varieties.

The strategy to be adopted mvolves

1. A bybnidization program to raise the yield of
low-toxinlines. Segregating populations should
be handled by the single-seed descent (8SD)
method. Individual plants should be selected
from the F, generationon the basis of low tovin
content and agronomic characters.

Testing of advanced lines i relay cropping

to

with aman (rainy season) rice following farm-
ers’ practices.

3 Cross checking of JiN)-oxnalylamino-L-ala-
nine (BOAA) content of the advanced lines at
ditferent institutes.

4. Study of pollination behavior,

Black gram

Research is needed to develop materials according to
the following priorities.

e Priority I: high-yielding, Yellow mosaic virus
(YMV)- and Powdery mildew (PM)-resistant
varieties having synchronous podding habit.

o Priority II: varicties suitable for zero-tillage
conditions.

The following strategies are to be adopted:

. Combining high yield with resistance to YMV
and PM for Priority |

2. Testing promising lines under zero-tillage con-
ditions for Priority 11.
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Mung bean

Research is neeued to develop materials in the fellow-
ing priority arcas.

*  Priority I: high-yielding, YMV - and Cercospora
leaf spot (CLS)-resistant/tolerant varieties with
synchronous podding habit, suitable for Janu-
ary/February sowing in the 1. aman rice-mung
bean-aus (rainfed) rice cropping pattern.

e Priority II: high-yielding (high harvest index),
shont-duration (60-65 days) varicties with syn-
chronous podding habit, YMV and CLS resis-
tance/tolerance, waterlogging tolerance, and
daylength insensitivity for August sowing inthe
auy ricefjute-mung bean-postrainy season (rabi)
cropping pattern for northwestern Bangladesh.

The strategies 10 be adopted include:

. Intensifying the nybridization program using
available resistant/moderately resistant sources.

2. Advancing segrepating populations at Ishurdi
and Rahmatpur, specifically for cach zone, in
collaboration with Chittagong University.

Pigeonped, cowpea, and fieldpea
The following steps should be taken:

e Collection of local germplasm.

e  Evaluation of more gemplasm from exotic
sources such as ICRISAT and the International
Institute for Tropical Agriculture (IITA).

General Breeding Principles and Policies

Principles

e Make pureline selections from within the local
germplasm and landraces.

e  Ensure maintenance of existing cultivars for
cach crop.

Policies

e Basic research should be emphasized at aca-
demic institutes.

e Testlocations for each crop should be based on
crop concentration and future potendal.
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e It should be cnsured that breeders continue to
work on a particular crop on a long-term basis.

e Sufficient manpower and physical facilities
should be provided to ensure full operation of
the breeding programs.

e Breeders® visits to farmers’ fields and demon-
stration plots should be intensificd.

Cultural Management
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Future Strategy

1. The existing cropping pattern needs 10 be ad-
justed so that pulses be sown on time and under
proper soil-moisture conditions.

Alternative farming systems involving pulses

need 1o be developed.

3. identification of areas in nontraditional regions
with potential for growing pulses should be
undenaken.

4, Management practices for sole- and mixed-
cropping situations should continue to be im-
proved and tested in pulse-growing areas.

5. Efforts should continue to identify effective
biofertilizers. A biofertilizer production center
needs to be established, which should be re-
sponsible for producing effective inoculants.

6.  Since most pulses are grown on residual soil
moisture under rainfed conditions, develop-
mentof drought-tolerant varieties should receive
priority.

7. Morphological and physiological constraintsto
high yield need to be identified and used in
varictal development programs.

8.  Low-cost implements should be developed to
make the best use of residual soil moisture.

o

Future Research Needs

Plant pathology

Discasc-management studies will be conducted ac-
cording to the following crop and disease priorities.

e  Crop priority :

Lentil, chickpea, mung bean, black gram,
khesari, and cowpea.

e  Disease priority:

Lentil: stemphylium blight, rust, foot rot.
Chickpea: wilt, botrytis gray mold. collar rot.
Mung bean: YMV, PM, CLS.

Black gram: CLS. PM, YMV.

Khesari: DM,

Cowpea: Foot rot.

e  Screening of germplasm against discases
1. Identification of pathogens/races of

major diseases/pathogens and their use

in screening tests.

Standardization of screening methods.

Screening of germplasm lines and culti-

vars, promising lines, and breeding ma-

terials of differcat pulses for resistance
to major diseases under adequate disease
pressure.

o  Survey and monitoring of pulse diseases under
differentagroecological zones and under differ-
ent cropping patterns.

e  Estimation of yield losses due to major discases,
especially botrytis gray mold of chickpea and
stemphylium blight and rust of lentil.

e Studies on cultural management of the major
diseases of different pulses in collaboration
with agronomists.

e Selection of sced dressing for foot rot of lentil,
wilt and collar rot of chickpea, DM of khesari
and foot rot of cowpea.

e Selection of foliar fungicides for stemphylium

}JN
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blight and rust of lentil, botrytis gray mold of
chickpea, and PM and CLS of mung bean and
black gram.

e  Development of integrated control measures.

Entomology
e The crop priority for research is as follows:

Chickpea, mung bean, black gram, and cowpea,
with emphasis on the field and storage prob-
lems of all impontant pulses.

®  Research will be conducted on the following
priority areas:

L. Monitoring and surveillance of insect
pestpopulation/infestation levels inpulse
crops under different agroecological
conditions and different cropping pat-
terns.

2. Screening of germplasm against major

insect pests of pulses.

‘Bioecology. bionomics and life tables of

major insect pests of chickpea, mung

bean. black gram, and cowpea.

4. Testing the efficacy of cultural methods
for the management of major insect pests
of pulses,

5. Testing the cfficacy of mechanical and
physical methods for the management of
the hairy caterpillar and pulse beetle,

6. Evaluation of cheap and safe pesticides
for their efficacy against the major insect
pests of pulses.

7. Determination of spraying threshold
levels of major insect pests of pulses soas
to minimize the number of applications
of insecticides.

8. Integration of effective control measures
intoa package for the control of the major
pest complex of the pulses.

9. Development of artificial rearing tech-
niques for pod borer (Helicoverpa
armigera).

k¥8)

Postharvest technology

The following research work will be undertaken, in
order of priority:

e Survey and assessment of postharvest qualita-
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tive losses of different pulses.

e  Evaluation of traditional and improved storage
containers in controlling pests/molds and main-
tenance of seed viability.

¢ Further improvements of the fabricated pulse
drier.

¢ Development of cheap and simple methods of:

1. Processing pulses into various products of high

nutrient value,

Detoxification or reduction of BOAA content in

khesariand antinutritional factors in other pulses.

3. Reducing cooking time of stored pulses.

4. Developing an inexpensive manually operable
pulses thresher.

to

General Policies

i Development of multilocational testing facili-
ties for screening against diseases and insect
pests of important pulses at different institu-
tions/universities of the country.,

Provision of greenhouse and cold-storage fa-
cilities for conducting pathological, entomo-
logical, and storage experiments under con-

to

trotled conditions.

3 Procurement of laboratory equipment such as
incubators, refrigerators, chromatographic
equipment, dissecting MICTOSCOpes, spectro-
photometers, fermenters. seed magnifiers, and
microphotographic equipment.

Seed Production, Extension, Marketing,
and Nutrition

Discussion Group Participants

M.S. Ahmed (Leader)
S.M. Ehas

Bazlur Rahman
K.E.G. Leferink
Umaid Singh

Md. Hussain

Md. Mostata Hussain
M. Ashraful Islam
U. Thaung Pe
C.L.L. Gowda

Future Strategy
Seed Production

1. Targets should be defined and clear guidelines
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set for the coordinaiion of seed multiplication
between breeders, the Bangladesh Agricultural
Development Corporation (BADC), and the
Department of Agriculural Extension (DAE)
depending on the capabilities of cach group. In
view of the Crop Diversification Project (CDP)
500 kg breeders’ seed should be produced by
the breeders (250 kg for BADC and 250 kg for
demonstration) in the first year of recommenda-
tion. In subsequent years BADC will supply
seeds for demonstration.  The National Seed
Board (NSB) should indicate this minimum
requirement of seed in their proforma.
Breeders should be responsible for the mainte-
nanee of breeders” seed, and they should liaise
with DAE and BADC o popularize the variety
through demonstrations.

Breeders” seed must be certified by breeders
according to the seed rules.

Foundation and certitied seed are 1o be certified
before distribution by the seed-certification
agency according to the seed rules.

To encourage the scientists responsible for the
development of a particular variety, their insti-
tution should be given some rovahy on the sale
of certified seeds.

Inview of pulses seed requirements of CDP the
NSB may recommend some local improved
varieties submitted by breeders and BADC.

Extension

1.

There should be intensive demonstrations in
farmers’ fields in pulse-growing areas by DAE
in collaboration with scientists and BADC.
Adequate tunds should be provided to the DAE
for.this purpose.

Before demonstration, seed multiplication of-
ficers (SMO), and block supervisors (BS) in-
cluding BADC production personnel should be
trained on the production technology of pulses
by the institution responsible for developing the
variety.

Marketing

L.

Credit facilities should be provided for “he pro-
duction of seeds of improved pulse varieties.
Government procurement program of incentive
price should be extended for pulses.

The Farmgate prices, as broadcast weekly,
should accompany the consumer price and this
information should be given by the marketing
department.

Socioeconomic studies indicate a big gap be-
tween grower and consumer prices. Efforts
should be made to narrow this gap.

Nutrition

B

Studies on nutritional, dehulling, and cooking
quality aspects of pulses need to be strength-
ened. Analytical facilities for such evaluation
programs need to be established.
Antinutritional factors of pulses deserve special
attention, particularly BOAA content inkhesari.
Screening lines for low antinutritional factors
and their detoxification should be emphasized.
There is a need 1o devise a simple procedure for
detoxification of the neurotoxin in khesari dhal.
The effectof environment, agronomic practices,
and genotypes on nutritional quality of pulses
should be studied.

The storage stability and quality of pulses should
be studied.
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Participants

Bangladesh Agricultural Research Council

(BARC), Farmgate, Dhaka 15

Kazi M. Badruddoza
M. Motlubor Rahman
M. Siddique Ahmed
M.A. Razzak

Former Executive Vice Chairman
Executive Vice Chairman
Scientist Emeritus

Principal Scientific Officer

Bangladesh Agricultural Research Insti-
tute (BARI), Joydebpur, Gazipur

M.H. Mondal

M.A. Islam

M.A. Khaleque

S.M. Elias

A.F.M. Maniruzzaman
Awal Ahmed

Agronomy Division
Kazi Reazul Haque
M.A. Ahad Miah
M. Motior Rahman

Breeding Division

Helalul Islam
M.A. Wahaab

D. Sarwar

M.A. Chowdhury
Fatima Khatun

Entomology Division

M.A. Karim
Mahbubur Rahman

Pathology Division

H.U. Ahmed
Tapon Kumar Dey

On Farm Division

Z. Abedin
A. Hossain
M.A. Rauf

Director General

Director of Research
Project Director Oil Sceds
Director Training

Project Director Pulses
Principal Scientific Officer

Principal Scientific Officer
Principal Scientific Officer
(Agronomy)

Scientific Officer

Principal Scientific Officer (Millets)

Principal Scientific Officer (Genetic Resources)
Senior Scientific Officer

Scientific Officer

Scientific Officer

Chief Scientific Officer and Head
Senior Scientific Officer

Chief Scientific Officer and Head
Scientific Officer

Chief Scientific Officer and Head
Senior Scientific Officer
Senior Scientific Officer
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Post-harvest Technology Division

A. Zaman Principal Scientific Officer
J.C. Shaha Chowdhury Senior Scientific Officer

Soil Science Division

M.S. Islam Chief Scientific Officer and Head
Maniur Rahman Principal Scientific Officer

BARI, Regional Agricultural Research Station, Hathazari, Chittagong
S.K. Roy Senior Scientific Officer

BARI!, Regional Agricultural Research Station, Ishurdi, Pabna

M. Matiur Rahman Principal Scientific Officer
M. Obaidul Isiam Principal Scientific Otficer
A. Sarker Senior Scientific Officer
Wahiduzzaman Senior Scientific Officer
M.A. Karim Scnior Scientific Officer
A. Bakr Senior Scientific Officer
A. Rahman Scientific Officer

A. Aziz Scientific Officer

Bari, Regional Agricultural Research Station, Jamalpur

H. Rahman Chief Scientific Officer
A.F.M. Rahman Senior Scientific Officer
M.A. Khaleque Scientific Officer

BARI, Regional Agricultural Research Station, Jessore

M.A. Islam Chief Scientific Officer
S. Rahman Senior Scientific Officer
Z.1. Sarkar Scientific Officer

R. Alj Scientific Officer

BARI, Agricultural Research Station, Barind, Rajshahi

A. Musa Senior Scientitic Officer
N.K. Kar Senior Scientific Officer
M. Kumar Scientific Officer

BARI, Agricultural Research Station, Dinajpur
A.H. Talukder Senior Scientific Officer

BARI, Patuakhali Krishi College, Dumki, Patuakhali
Enamul Haque Principal

BARI, On Farm Research Division, Faridpur
Yousuf Ali Scientific Officer

250



BARI, Wheat Research Centre, Noshipur, Dinajpur
M.A. Razzaque Principal Scientific Officer

BARYI, Agricultural Research Station, Rahmatpur
M. Rahman Scientific Officer

Institute for Postgraduate Studies in Agriculture (IPSA), Salna, Gazipur

A. Hamid Associate Professor
M.A. Khaleque Associate Professor

Bangladesh Institute of Nuclear Agriculture (BINA), Mymensingh

M.A.Q. Shaikh Chief Scientific Officer
Saifui Islam Principal Scientific Officer
M.A. Satter Senior Scientific Officer

Bangladesh Agriculiural University (BAU), Mymensingh

Mohammed Hussain Dean

G.A. Fakir Professor

M.S. Hoque Professor

Ali Newaz Associate Professor

Bangladesh Rice Research Institute (BRRI), Joydebpur, Cazipur

M.A. Mazid Senior Scientific Officer Soil Science

Other Organizations in Bangladesh
T. Brulsema Mennonite Central Committee (MCC),
Noakhali, Dist Feni

M. Mustafa Hussain Project Director, Pulses and Qil Seeds, BADC,
Dilkusha. Dhaka

A.K.M. Anwarul Kibria Director, Ficld Service Division (DAE),
Khamarbari, Dhaka

A.K.M. Borlur Rahman Director, Marketing, Khamarbari, Dhaka
M.A. Rakib Executive Director, Project Implementation

Unit, Canadian International Development
Agency (CIDA), Khamartgari. Dhaka

R.N. Mallick Checky International, Steel House, Kawran
Bazar, Dhaka
A.K.M. Habibullah Coordinator, CDP, Canadian International De-

velopment Agency (CIDA),9/7, Satmasjid Roxd,
Lal Matia, Dhaka
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International Participation

National Programs
M.P. Bharati

P.N. Bahl

U. Thaung Pe

Coordinator National Grain Legume Im-
provement Project (NGLIP), Kathmandu,
Nepal

Assistant Director General (Food Crops)
Indian Council of Agricult al Research
(ICAR), New Delhi 110 001, India

Deputy General Manager (Extension).
Myanmar Agricultural Service (MAS),
Rangoon, Myanmay

ICRISAT Center, Patancheru, A.P. 502 324, India

D.G. Faris
Umaid Singh
C.L.L. Gowda
M.V. Reddy
Jagdish Kumar
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AGLN Coordinator
Biochemist

Senior Plart Breeder
Senior Plant Pathologist
Senior Plant Breeder



Synonyms, Acronyms and Abbreviations

Chickpea
Khesari
Mung bean
Black gram
Lentil
Pigeonpea
Kharif-1
Kharif-2
Kharif
Rabi
aus-rice
boro-rice
T.aman-rice
Acronyms used

AGLN
AVRDC
BADC
BARC
BARI
BAU
BINA
BOAA
BRR!
CDP
CIAT
CIDA
Cu

DAE
ICAR
ICARDA
ICRISAT

IDRC
IITA
IPSA
IRRI
MCC
NBPGR
NGLIP
ODAP

Bengal gram, boot, chhola
Lathyrus, grasspea

Mung, moong, green gram, mugh
Mash kalai, mash

Masur

Tuar, Arhar

Early monsoon (March to May)
Late monsoon (August to October)
Rainy season (June to October)
Postrainy season (Cctober to March)
Rainfed paddy

Wirter season, irrigated paddy

Transplanted, rainy-season paddy

Asian Grain Legumes Network

Asian Vegetable Research and Development Center
Bangladesh Agricultural Development Corporation
Langladesh Agricultural Research Council

Bangladesh Agricultural Research Institute

Bangladesh Agricultural University

Bangladesh Institute of Nuclear Agriculture

B-N-oxalyl aminoalanine

Bangladesh Rice Research Institute

Crop Diversification Project

Centro Internacional de Agriculura Tropical

Canadian International Development Agency

Chittagong University

Department of Agricultural Extension

Indian Council of Agricultural Research

International Center for Agricultural Research in Dry Areas
International Crops Research Institute for the Semi-Arid Tropics

International Development Research Centre
International Institute of Tropical Agriculture
Institute of Postgraduate Studies in Agriculture
International Rice Research Institure

Mennonite Centra! Committee

National Bureau of Plant Genetic Resources (India)
National Grain Legume Improvement Program
B-N-oxalyl-L- a, B-diaminopropionic acid
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OFRD : On-Farm Research Division (BARI)

PIU : Project Implementation Unit

RARS : Regional Agricultural Research Station

Tk : Taka, local currency (In 1989 - 1 US$ = Tk 32.85)
USAID : United States Agency for International Development
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