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Abstract 
Citation: BAR] (Bangladesh Agricultural Research Institute). 1991. Advances illpulses research in Bangladesh: proceedingsof the Second National Workshop on Pulses. 6-8 Jun 1989. Jovdebpur. Bangladesh. Palancheru. A.P.502 32.1.Inldia:
International Crops Research Institute forthe Semi-Arid Tropics. 

Fifty scientists actively engaged illpulses improvetnent it Bangladesh participated in the second National Wokshop ott Pulseswhich was held at the comtpletion of the BARI-IDRC Pulses Project. The representaties of tie Pulses Prolants I'toit India. 
from 

the eighties on breeding. crop Inatuagentkttt, crop protection. seed produlion and consunter quality. attd 
it

Nepal, and NIyanntar and scientists ICRISAT Center tIndia) dso parlwipaled. Papers reviesced pulses research done 
rCgitital pulsesresearch links. The workshop reconttendd expansion of tite Pulses Improvettent Program hitBaieladesh. It was agreed thatmore genetic variability should be obtained for making rapid pr,)gres':. Tite work shop suggested iiat increased cllftrts be mttadeto breed forearly maturing. disease and pest resistant cultivars ait! fir development of cultural practices forobtaining highstable yields of pulses. The recotinendtations fIrtm a Valuable guideline firfuture research and developnent of these crops it 

Bangladeshm and other similar regiotns. 

Rsum6 
Rifrrenee : BARI (Bangladesh Agricultural Research Institute). Progrbs effectuds dans larecherche1991. sur le,liegumineuses au Bangladesh : ctttptes rendus du Deuxiine colloque national sur les l6gunlineises. 6-8 juin 1989, Joydiebpir.Bangladesh. Patancheru, A.P.502 324. Inde : Imernational Crops Research Institute for lie Senmi-Arid Tropics. 

Le Deuxinme cilloque iladonal stir les iLgurnineUSses. tilt s'est tlenu Ior.Stie I'aChteilen tl irt1jem lcgulmiutUse, BARI-CRI)1.a rduni cinquante chercheurs travaillant activmne-t ellnatire danllitmtittu tiestitullintcuses au llaimilatlesli. Lcs repeelttants des programmes de ldguuineuses de I'Ide, tu Ndpal. du My'lanmnar. amnsl Lueiits chercheurs ltit(coile I(R ISAl i little ont 6galement paiuiciN i ce colloqu. Les comnnlicationts oint tail lepint tie,ilaaim\ tierecherche stt Itc, Ilt.mtittctimralists pendant les annles 80.elplus particulilremnent stir listlecnlon. Idantttaen ties cultures. Itprltlectic tIes cultlucN.
I,productitn des semences cthiqualii6 !acum-lsnmmalion. Elleson itussi t,5 little Ics lietIs tie recherche reetUItt It]gun illeUSes. Le colloquI e a recomun an &l snI.a sitn tlu Irueram. nlled'i Htunl Vmliora ties neuses auallgunu[inaladeslh.IIa ctconvenu que plus de variabilii6 gtnt1ilttLe dolt tJre tiblett ain tie rtaliser des progrs rapiiles. Lc colloque asugg& qu.Ptiesefforts plus ii,:-nses doilveni ,tre tis ellplace pour liselection tie ctltis, rs imaturationi preCcOce etresistanits al\ maladies c:aux ravageurs. atmsique pour laniuse au point de pratiques culurales permettant I'obtentionde rentdetents Olevss Ct stables ties1dgumnineuses. Les recomendations cunstitucnt tIes indicaitons utiles pour larecherche elle dt.cloppeiine fut urs de ces


cultures au Bangladesh et dans 
 'atutres rfgions settblables. 

Resumen 
CItacl6n : BARI (Bangladesh Agricultural Research Institute) 1991. Avances en Investigaci6tn sobre Leguitbres eti Bangladesh: Actas delSegundo Taller Nacional sobre Legumbres, 6-H de Junio de 1989. Joydebpur. Bangladesh. Patanclieru, A..502 324. india: International Crops Research Institite for the Semi-Arid Tropics. 

Cincuema cientihicos. insestigando actualinente sobre el mejoramiento de legumbres en Bangladesh. participarot en clSegundo Tatlle'r Nacional sobre Legumbres que sit celehr aIlac'ausura del Provecto de Legumbres BARI-IDRC. El 'lallercont6 con laparticipaci6n de losrepresentantes de lot Programas de Legumbres procedientes de Idia. Nepal y Myanti.ir asiCOmo los cientlicios del Centro !CRISAT (India). Lp, ponencias examinaron las investigaciones sohre legumbres t;ue serealizaron durante losaflos X0 en el campo de lacrianza. el manejo y liproiecci6n de cnseclha. liprodut.ci6n tio senillas v licualidad del producto de consumo.asi corno los vinculos regionales en lainvestigaci6n sobre legutnbres. El Taller recunleilu6]a expansifn del Progrania de Mejoramiento de Legumbres en Bangladesh. Se acord6 que debe adquirirse n1asvariabilidad
gendtiea para poder alcanzar progreso ms ripido. El Taller sugeri6 dirigir mis esfuerzos hacia licrianza que pertiitiri lamaduraci6n temprana y cualidades resistentes aenfermedades e insectos nocivos asi comno hacia el desarrollo tie pricticas decultivo a fin de obtener altasy mis estables cosechas de legumbres. Las recomendaciones del dicho Taller presentan patiasimportantes para investigaci6n y desarrollo fututos en este campo en 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, which provided an opportunity to reflect on the knowledge gained, and to discuss 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. 
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Foreword 

Mohammad H. Mondal, 
Director General, Bangladesh Agricultural Research Institute (BARI),
 

Joydebpur, 1701, Bangladesh
 

Pulses play an important role in the agriculture and in the 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 aprogram to improve the 
genetic potential for yield and quality in pulses. 

The Second 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 geniplastn 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 aim of the 198) workshop was to provide aforum for summarizing the overall 
development of pulses research undertaken in the previous 8years and stress increased productivity 
and stability, which call fot strengthening cooperation among national and international research 
institutions. Basic information isneeded 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 
initiated with the support ofthe Canadian International Development Agency (CIDA). Thus the goals 
set in this workshop may form aguideline for pulses research and development in Bangladesh for the 
next 10 years. Participation in this workshop ofscientists 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. In total, 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 five major pulses and increased efforts be made 
to develop early maturing cultivars with resistance to important diseases an. psts. 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 progrum 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. 
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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 agap of 9 years. 
should develop adefinite plan for the improvement of these crops. 

A Crop Diversification Project (CDP) is likely to be implemented soon. However, there islittle 
technology that can be directly taken to the farmers. With improvement inmanagement, good quality
seed, and timely sowing it ispossible 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 isnecessary 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 apackage of recommendations so that the production ofpulses 
can keep pace with the increasing population. If we fail in our efforts, there will be agreat setback. 
We also want to move away from rice-wheat rotation to sustain soil health. You have achallenging 
task. I wish the workshop great success! 
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Inaugural Address 

Kazi M. Badruddoza,
 
Fomier Extcutive Vice Chairman, Bangladesh Agricultural Research Council (BARC), Farmgate, Dhaka - 15,
 

Bangladesh
 

Iam 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 gaccording 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 Ban,,ladeh are generally rice eaters and they prefer rice to any other crop. With the 
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 should 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 been made. IDRC helped the program in its initial phases. A large number of pulses scientists have 
been trained. There is now a good team with the program. In addition to the support from IDRC, the 
IARCs have also been sci> active ii giving their inputs to strengthen the program. 

Of late, the idea of aCrop Diversificatiin Project (CDP) was initiated by the Government. This will 
provide adequate support t(, the development of crops which could be grown in rotation with rice and 
wheat. This project isbeing implemented with assistance from CIDA. I hope emphasis will be given 
to 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 intportant 
workshop will provide guidelines in the development of technology for pulses improvement in 
Bangladesh. 

I wish this workshop all success! 
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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 isexpected to give
good financial support to pulses improvement; the tackling of seed certification problems that will 
ensure agood supply of quality seed; and the recent release of the chickpea variety Nabin which has
shown good yields of around 4 t ha' I 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 development in
Bangladesh. I hope 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. 
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Editor's Note
 

The Bangladesh Bureau ofStatistics (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 (BBS 
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 ismuch increase for lentil (Lens culinaris 
Medic.), chickpea (Cicer arietinum 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 much reduction. Two papers on "Status 
of pulses marketing in Bangladc.;h" (A.K.M. Bazlur Rahman) and "Socioeconomic constraints 
limiting pulses production" (S.M.Elias) in thesc workshop proceedings briefly mention the revision 
in the production statistic;. All other papers have used the old statistics. In view of the revised 
pioduction statistics the future plans and projections for pulses improvement and utilization in the 
country need modification. 

Fable 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 

A2Year P A P A P A P A P A P 

1981/82 74.9 49 57.5 37 ,2.9 29 15.4 7 119.8 83 310.1 205 

1982/83 73.3 45 53.8 41 40.1 28 15.0 8 I1 8.2 90 300.4 212 

1983/84 240.5 161 113.4 87 84.2 60 59.9 34 28.7 19 526.7 361 

1984/85 233.6 164 108.9 81 74.9 54 60.3 35 30.8 20 508.5 354 

1985/86 222.7 160 103.6 78 69.2 45 59.5 33 28.3 19 483.4 290 

1986/87 213.0 149 103.6 82 65.6 43 57.5 35 27.1 18 466.8 327 

1987/88 216.6 159 103.2 75 70.5 52 57.9 33 31.2 20 479.4 339 

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 MI.H.Mondal, M.A. Islam, 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 ICRISAT's style. 
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Keynote Address
 

M.A. Islam and M. Matiur Rahman 
Bangladesh Agricultural Research Institute, Joydebpur, Bangladesh 

Abstract 

Multidisciplinarv coordinated research on six pulses: lentil (Lens culinaris Medic.), chickpea (Cicer 
arietinum L.), khesari (Lathyrus sativus L.). black grant (Vigna mungo (L.) Hepper). mung bean (Vigna 
radiata (L.) Wilc:ek), and pigeonpea (Cajanus cajan (L.) Millsp.), was initiated in 1979 at the Bangladesh 
Agricultural Research Institute (BARI). with financial support front the International Development 
Research Centre (IDRC). Canada. Problems were identifiedand research priorities cierefixed, and the 
research work was started. Progress has already been mnach in manpower development as well as in the 
generation of technology tin dif'rent disciplines ofthe Pdses Improvement Progran. Two cultivars of 
mung bean. Mubarik and Kanti. and one of chickpea. Nabin. were released fir generalcultivation. One 
line each of lentil and black gram were proposed fir release to the National Seed Board. Several 
promising wilt-resistantlines ofchickpea. low-neurotoxin lines ofkhesari, and one line ofpigeonpeawere 
identified, some ofwhich mnaY he proposed]ir release. The germplasm of these crops has been collected 
and maintained. Major diseasesandinsec'tpests prevalent infiarners'fields andin theirstore's have been 
identified. New cropping patterns involving mung bean cultivars appear more pronising than those 
existing in the northern part!, of toe c ountrv. Thse niw patterns,if adopted, c'ould substantially increase 

the area under these crops. We plan to ondertake extensive, area-specific surveYs to tunderstand the 
problems ofpldses cultivation and the reasons far low prodn'tivity infjrmers fields. Efforts will also be 
made to extend the cultivation ofpulses as postrainv crops after rice in the Barind tract and in other 
nontraditional areasfor these crops. lit addition facilities will be strengthenedfir ba.tic research in all 
disciplines to back up the applied research. 

Introduction 

Pulses are important lood crops in Bangladesh. They 
occupy an area of about 0.3 million ha (2.34/ of the 
total cropped area) and contribute about 1.071,1( of the 
total grain production of the country (Ahmed 1985). 
The major pulses grown in Bangladesh are: khesari 
(Lathyrus sativus L.). lentil (Lens culinari.s Medi ..). 
chickpea (Cicer arietinani L. ). black gram (I igna 
mungo (L.) Hepper), mung bean 'igna radiata (L.) 
Wilczek), and field pea (Pisumsativion subsp arven.w) 
(Table I . Among these, khcsari, lentil, chickpea, and 
field pea are grown during winter (November-March) 
and contribute about 82>; of the total puIses. Black 
gram is grown in late summer 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 counirit.,including Bangladesh. 
They arc generally consid,:red minor crops, so the 
national programs receive little funding for research 
and development. After achieving considerable suc
cess in rice and wheat production. nost governments of 
this region have laken some measures to improve the 
production of pUlses. Nc.%technologics have also been 
dev eloped in some cotnttries and are being adoptcd by 
faners. but tie mean yields of most of these crops 
have remained veryr low. There is Still a %tide gap 
between the growing demand and tihe production of 

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



Table 1.Area aod production of pulses in Banglad.,sh, 1984/85. 

Name of 
Pulse 

Area 
(ha) 

Production 
tI 

Khesari 81000 60 000 
Lentil 71 00(0 48 500 
Chickpea 50000 37500 
B!ack gram 33600 25000 
Mung bean 15338 5052 
Fieldpea 990(0 6600 

Total' 261 591 185652 

1.Includes minor pulkes aswell. Source: BBS (1986). 

these crops in Bangladesh. The present per capita
consumpO.'n of 5.5g day ' is rather low. as compared to 
4 5g in neighboring India (Ahnied 1984). 

In order to increase food production, irrigation 
facilities are being cxpanded. Currently, these are 
mostly used in win.er rice cultivlation with pulses being 
continuously pusbed to marginal and submarginal lands. 
result':ig in lo%, product ivity. As a res;ult cereal produc
lion has increased significantly over the last few years 
but the area and production of pulses has gradually 
declined. The technology rel uired to improve the 
productivity of pulses iclide: protiisiing crop variet-
iesatd rh izobial strains: improved cuItivation prac-
ticcs aid cropping patterns: improved integraled pest 
management: and improved seed productiont, process-
ing. storage. and distribution systemIs. 

Since pulses generally do not respond highto 
management inrespect of irrigation and fertilizer use. 
it has not been possible to develop iiproved standard 
cultural practices for these crops. Moreover. factors 
such isthe inherently los yield potential of pulses 
cultivars, high susceptibility to various diS, s aid 
insect pests. and sensitivity it)iicroclinatic changes 
contribute to large variations in their output frotm year 
to year. and to their low productivity. 'Fileproblem is 
therefore highly complex, iiakiig it (Iifficu Itto halt the 
present declining trend of pulses in terms of area and 
production, unless disease-resistant., high-yielding 
pulses varieties. improved cultural practices ensuring 
sustainable high yields, and proper economical plant-
protection measures are developed. To solve all these 
problems a coordinated pulses improvement program 
was initiated in The Bangladesh Agricultural Research 

%of Total
YiLid 

(kg ha ') Area Production 

735 31 32
 
680 27 
 26
 
750 1P 20
 
714 13 
 13
 
590 6 5
 
666 3 3
 

Institute (BARII in 1979. In the context of the 
problems nmentioned above, the future research priori
ties are hrielly discussed in this paper. 

Research Progress 

Research on pulses was initiated during theearly fifties 
hlu very little progress was made. The work was 
c, 1";ined to [he collection and evaluatinn of local 
gerniplasm. In 1979 a multidisciplinary coordinated 
approach was initiated with financial support from the 
International Development Research Centre (IDRC) 
of Canada and technical support frontthe Food and 
Agricultural Organization (FAO)of tie United Na
tions. A consultant of the International Agricultural 
Development Service IIAI)Si suggested shifting the 
pulses program to a suit able location such as Ishurdi 
(Kumar 1984). Later. lie (as IADSAVitirock Intema
tional Consuiltant) helped dcelop thisprogram at 
Ishurdi in 1984/85 (Kurnar 1985). The progress made 
inmanpower development aid in research is briefly 
described here. 

Varietal I)evelopment 

Lentil 

Variation in local germplasm in respect of yield poten
tial, disease resistance, seed size, and growing period is 
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very small. Abut 100( exotic gerninplasrns and ad- Khesari 
vanced lines were introduced from India, Pakistan, and 
Syria (ICARDA). but these were all longer-dration Khesari ranks first in lenns of hectarage and produc
varieties which did not produce high yields. Moreover, lion. About 167 local germplasn lines have been 
Ihe inacrosperira (large seceded) LiPe.s arc te maturing collected and their seeds have been analyzed for -N
and they sel fewer p0d, but soie of thelii are resistant oxalyl :aninoalanine (BOAA tconlent. Some lines were 
to rust. Aniong the Ioc~i gernplasni L5 was found t, be found to hive lOw toxic substance, btll tlhey are low 
better with respecl IL 111dralturitY period (1(5- KIesari lines JallialpUr, Charbadria, andalrd yielding. 
1 I0day .1It has been placed before tile Natlional Seed Piahartoli were found to be hi gh )ielding and early 

Board (NSBI for release. This culti var resembles other 1iat1ri1g. A crossing progran was im! aited involving 
local culti, vars ill resistance to rust aid stemphvliurn, low-toxin lines and tie materials are in F. and F,gen
blight diseases. (ur preseit elort is directed aiimaking erations. The Iines with low toxin content are being 
Ihis Iine disease 1ree. V.II idllfiO\ iii its vield, by in- tested for their poteitial in different locations. 
creasinrg seed size. The crossigi prograit \ as iniitiated 
in 1984 and tie segIegaline i pidalions are Loi I tie 
F, genleraition. tfl'kg am#tt 

About 7511 local alld exsotic gerniplasill linies have been 
Chickpwv collectd and evaluated for high-yield potential. One 

daylengtll-insensirive line is awaiting releaseasia vari -
About 200 local and 0tillcSili¢ geriniplasni lilies have ety. Tile gerniplasrii is also being screened for resi .
been collectedand ealualed at PARI. Tile Banladesh lance to poiwdery Illildew, wlich is a major dis.t-,e 
Institilte of' Nuilear AericuIture MINA) released thC afT. ciing this crop. 
chickpeacultivar H-lprosola in (582.aid BARI released 
chickpea cultivar Nabili inI I9X7. Their agronoiiic 
characters are Li\ ci in l able 2 Mung, h 'an 

Stroig link, ha\ e beein established .%ih the Ilter
national 'rops Re scard:i lIn,1tulClor the Seri i-.\rid \both 1ho201)1clcgenuiplasilriinesha, ebe.qscreened 
Tropics (ICRISVIl. Illidi; s -L.l r aiai major disease, yellow llesa.,\,ruS(YMV),We l\e Ibee, rslie 

,receiving segregallt ng 1o)p111tlllt s aid\iladVlcd Ihles bill none has been found resisan: to-vwever, one Ioler
froni ICRISAT. aild alre setellilh, air iiiniL 982these ili otir ssiht-sick hean e; iivar Muba, ik. was released in 
plots. Soriie , ilt-resista lit ;iles has c aIready beell for I arch/Alpril sow iri IA lilued 1984). It is also 
identilfed. We iniliared Ia crossinu prograni il ini ri snuitable to tlie Intllrg bean-otoao (r iisnv season) rice/ 
tilie local chickpca ciiisars Sabo 4 ;arid I It sroiolailn postrai,\'sas,on cropiing patter Anither rioder-
I9 4 IlKuLlirar It955. These,, regating ill'.ei l~iiis be ing7 atels' rsistiti l igeannnb luhivar Kanti , is released 
screeled in rhe swill- and root rot-sick plits: these are in ;987 for A-igust/Sepleliber sowire in the arts 
now in Ilie F, generation. Materials are also beinc (rainledtriee/jute -i Lillg ean/postrailny s-ason cropping 
screened for their late-sosving potential. pattern. Both these lineN are daylength-iisensitive and 

Table 2. The mean performance or Nabin and two ocal cuhlivars in Bangladesh, 1984/85. 

Varet) 
Days to 

flowering 
Days to 

nlaturity 
Plant height 

(cin) 
IM seed 

mass(gl 
Seed yield 

(t ha ') 

Nabin 
Sabur 
Hyprosola 

60 
4 

72 

122 
128 
127 

67 
51 
52 

11.8 
8.8 
7.6 

2.95 
2.21 
2.18 

Source: BARI ( 1985). 
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mature early (65-70 days). Golden-seeded mung bean, 
whichispreferred byconsumers, isdaylengthsesitive, 
Effortsare being made todevelopdaylength-insensitive 
golden-seeded viung bean through hybridization. 

Piieollpea 


Long-duration pigeonpea is culti,ted on small pieces 
of la'id in Kushtia and on the roadside in Rajshahi. 
PabnraandJessore. Some short-durationintroductions 
from th: US A and ICRISAT, India were evaluated. 
Two pigeonpea lines 76012 and 76013 were identifid 
as Iromising. 

Plant Prote.iom 

The -ajor and minor diseases of pulses have been 
recorded (Ahnerd et al. 198 Fakir 1983). Wilt-sick 
plots for screening of chickpea against fusarium wilt 
dise,,ce halve be': .developed at Joy'debpur and Ishurdi. 
Similarly. the enlonology division of' BARI ha., ,,tid-
ied the reactions of different pulses to nsect pest; and 
identified the major pests "oreach of these crops. They 
are also 'ying to develop effec,:live and econmmical 
control measures for tilemajor insect pests. The fanners' 
methods of seed storage and the extent of damage by 
grain pests and diseases in storage hav- also been 
studied. Two species of pulse beetlt, Callosohrorhuts 
,'hin'0sis and C. tnaulttus are the main insect pests 
(Rahman etal. 1982). About 15-17 species o .,torage 
fungi found associated with different pulses have also 
been identified. Among these. Alterno, w sp., As-
pergillus 'orvoh'ria. Cldoslorium sp. and Penicil
lium 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 
fertilizer trialsall over the country and has recommended 
fertilizer doses onithe basis of the soil-fertility level. 
These are: N-30,P-85, K-35, S-20. Zn- I0kg ha forlow
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 

lime of sowing :nd tik etftct of different sowing times 
on yield. It was found that the . ield and yield-contrib

ing characters of an early chickpea declind if sow
,ig
was delayed beyond mid November (Kahman and 

Mallick 1986). They also found that mung bean Jits 
well in the tiis/jute-fallow\-postrainy season cropping
paflern and it is possible to grow postrainy crops like 
wheit, lentil. mustard, etc. after mung bean. The 
agronomy division of BARI also found that mung bean 
and black grain can be grown under minimum-tillage 
conditions in the above patterns (BARI 1986). 

It was further observed that 100/c lentil + 30% 
mustard was the most appropriate seed rate in the 
comlonly followed minixed-cropping pattern. Currently 
the division isconductinj, mixed-cropping experiments 
with black grain and short-duration pigeonpea, 
chickpea, or barley. They have now initiated work to 
maximi.e the plant stands by different methods of 
sowing and tof maximize yield by different cultural 
manipulationls. 

Future Research 

Varietal Improvement 

The breeding program should be strengthened todevelop 
high-yielding disease-resistant cultivars on apriority 
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 cuhivars. All the 
germplasm should be screened under artificially inocu
lated conditions to identify better parents for hybrid
ization. The crossing program with previously identi
fied germplasms should be continued 

Collar rot. wilt, root rot, and botrytis gray mold are the 
majordiseases 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 
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collar and root rot should immediately be initiated to 
find out the 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, disease-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 gran 

Early maturing, high-yielding, powdery mildew-resis-
tant cultivars should be developed. The variability in 
the existing gernplasm for yield is very low. Efforts 
should be made to create variability through extensive 

Wssing. mutation, and introduction. There are some 
lines which are tall and are of the creeping type, grown 
in the grasses underzero-tillage conditions. Acrossing 
program should be taken up involving these to see if 
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 6014 of the total nung bean is 
produced. These cultivars should fit into the aus rice
aman rice-mung bean cropping pattern. The same 
should also be developed for August planting in the 
northern parts of the country so as to fit into the ars 
rice-mung bean-postrainy season cropping patterns. 
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 %,ithout pod setting. Initial investigations 
show that this isdue to boron deficiency (BARI 1987). 
This investigation should be extended to other locations 
to determine me 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 Rhizobiurm status. On the basis of this 
ideal soil type, the necessary nutrient requirement 
should be 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
ticularsoiltypes.They shouldalsoextensively monitor 
the soil-moisture status of the fanners' fields during 
sowing and design an appropriate experiment to help 
screen the gernplasm for germination capability under 
minimum soil-moisture regime. 

Agronomists should continue experiments on the 
ans 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 shoud be undertaken for dis
tribution among the farmers. 

BARI agronomists recommended 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 recommendatiuns. A large-scaie 
survey should be conducted during sowing on the seed 
size, viability, and seed 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 
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diseases and pests under natural conditions is not 
enough. This should be supplemented with screening 
under artifically augmented conditions. Hence facili-
tiCs shotld bedeveloped for artificial screeningaigainst 
diseases and insects, to help breeders screen their 
gernplasnand segregating popilations. Eff ttis hoii 
be made to develop pod borer-tesistalnt/tolerant cuilti-
v'."r,
in chickpea. iuuiglbean and pinconpea. [('R1.SAT's 
help inSupplying li/orpa-resistantiureries of 
chickpea and IpigetOnpa Should Coiitinut.. 

Entomnologist.,; Should Contiut' their effort to de-
velop integrated pes-inaii.geiieiit schctlulc, antd also 
ali econorli¢tl cheniiical spr, Schedu for tileI' tontrol 
otpod borer oi chickpea. iimg hean. pigeonpea.c;. 
Thev siould also stutt\ tie feaIsibilil o biological 
control of niajor inseci-pesits h using ettective insect 
paithogenis. 

Socioeconoi ics 

The so-ioccononi,: reasons contributing to the decline 
in the area uuer pulses and the los, level ot productlion 
Should becorrectlvdctetiined id retItedies,,uigesit
by acricuhtualectonmists o that tile treseili li(tlilctni, 
in pulthec, idunet ion tai1r be el'fee live Iyresol setl. 

DiscussionC 

R. N. XMallick: Higher biomass,, legurites are e,,seritial 

for livestock feeds. Ilave you plans for a ture thrust 
on khesari and black grai forhigherbionlass otdairy 
deseliopment areas, such as,la abari' 

M. M. Rahman: We ha.e aIready idenitied S 

higher biorlass lines in khesari. The li\estock people 
are welcome to take up collaborative research oIthis 
aspect. 

. A.Khaleque: Storability is i importait sitbject ot 
pulses. but this has been oititted. Will you kindly giveme soe thec7ide abou 
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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 arielinum L.) is the thirdmost importantpulse crop in Bangladesh. Low and highly 
unstable produtwit"y has limited the e.xpansion of the area under this crop. Local and exotic germplasm 
has been collected, evaluated, and characteri:ed. Linkages have been established with international 
institutes. Achickpea cultivar Nabin was released in 1987. It is earlier in maturityand has a larger seed 
si:e than local cultivars. Constraints to higherproductivity have been identified. Crosses among sources 
of resistance to root diseases and local cultivars are being made since 1984/85 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 trialsof several of 
these selections over 3 "yearshave identified ICCL 83007 and 83008 (kabuli) and ICCL 83228, 83107, 
83105, and 83103 (desi) aspromising. There is a need to expand the program and develop scrc,'ning 
lacilities for hotrstis gray inold, collar rot, and Helicoverpa pod borer. Introduction of extra short
duration cultivars ma' help fit thi" crop into different crop sequences and in late sowing. Screening 
faciliie.sfir emergence under limited moisture.jordrought tolerance andfor high-input conditions are 
required. There is a need to bretd forrelatively larger seed size and consumer preference. and to produce 
large!- quantities of breeders' seed. 

Introduction Mymensingh. Barisal, etc. In other parts of the country 

this crop does not grow well due to unfavorable 
Among the pulses grown in Bangladesh. chickpea agroclimatic conditions. 
(CicerarietinumL.) ranks third in area (47 (X)ha) and In the traditional chickpea-growing areas about 60
production (37 (M) t) and contributes about 20/ ofthe 65'/ of the crop isgrown under the aus (rainfed) rice/ 
total pulses (BBS 1987). About 5' of the chickpea jute-fallow-chickpea cropping pattern. In this pattern 
crop is grown in the five greater districts of Faridpur. chickpea sowing starts at the beginning ot November, 
Jessore, Kushtia, Rajshahi. and Pabna 23"-25"N lati- and is harvested by early March, in the southern parts 
tude). Here, the soils are loam and clay loam with of the country. In the northern districts, it is sown in 
moderate moisture-retention capacity. The pi ranges mid-November aod harvested in late March or early 
from 6.5 to 7.5. April. The reoiaiing 35-.4),t isgrow n under the anian 

About 5(4 to 9'4 of the chickpea is grown ill tile (rainy-season) rice-chickpea- fal low cropping pattern 
Tista floodplains area of eastern Bogra, Joypurhat. tinder late-sow n conditions. 
Serajganj, and parts of Rangpur and l)inajpur districts. The mean yield of chickpea is 765 kg ha ' (BBS 
Here, the soils are silty clay loano, with pH ranging 1987). The main reasons Ior this low productivity are 
front 5.5 to 6.5. In this area the plants sometimes suffer discuissed belo%,. 
from overgrowth doe to excess soil moisture (16) TIi 
-450nimat l(cmdepth). (hickpeaisalsosporadically 1. Lac!c of ;landard cultural practices: Standard 

grown in a few other small pockets, i.e.. Dhaka. agronomic practi:es which can ensure high yields have 

Citation: BARI (Bangladesh Agricultural Research Institute). 1991. Advances in Pulke Research in Bangladesh: proceedings of the Second 

National Workshop on Pulses, 6-8 Jun 1989, Joydebpur, Bangladesh. Patanchcru, AP. 502 324, India: Iniemational Crops Research 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 growth and lodge in high-moisture 
conditions (Smithson et al. 1985). As aconsequence,
farmers do not use any inputs (fertilizer/irrigation) for 
chickpea cultivation. 

2. Late sowing: About 35-40% of the chickpea is 
sewnaslateastheendofDecember. However, thecrop 
matiritydate isalmost fixedbyearlyrains.Theeffective 
crop period is reduced from 140 days (20 Nov sowing) 
to 100 days (Ist Jan sowing) according to Rahian and 
Mallick (1986). The late-sown crop generally has a 
shorter period for vegetative growth, which, coupled
with moisture stress, and a rise in end-season ten-
perature, results in poor yields, 

3. Cultivars: Like other pulses, farmers also give
the lowest priority and care to chickpea cultivation. 
Existing cultivars are small-seeded desi types. These 
give unstable yields because they are susceptible to 
diseases and insects (Kumar 1984). However, under 
good management there is a potential to obtain high 
yields ol 4.5 1ha '. 

All these fa,'tors, coupled with the expansion of 
wheat arid horo (winier) rice, have led to a decline in 
the area under chickpea, at the rate ol 7(10 hia year'
(BBS 1987). To halt this decline, a multidiscipiinary 
coordinated research prograi on pulses was initiated 
at the Bangladesh Agricultural Research Institute 
(BARI) in 1979 with financial support from Iriterna
tional Development Research Centre (IDRC). Since
then, some progress has been made in chickpea breed-
ing, some problenis have beefi identified, and breeding

efforts have been concentrated on the major con-

straints. The objective oI the present paper is to review 

past activities and ,uggest future breeding strategies. 

Research Progress in Chickpea Breeding 

Research on pulses, though initiated in the carl) 1950s, 
focused mainly on gemiplasln collection and evalua-
tion. Tne chickpea cultivars Sabur-4. Bhangura 45, and 
Faridpur I were identified 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 from there. During 1979-81, 208 jesi-type
and 149 kabuli-type germplasm, 149 F,, 24 F,prog-
enies, and 37 late-sown genotypes were evaluated 

(Islam et al. 1982). However, no genotypes were 
lected subsequently. 

Germplasm collection and evaluation, and handl 
of segregating materials and trials conducted h 
been summiarized in Table I. During 1982-89, ! 
germplasm lines were collected from the Internatio 
Crops Research Institute for the Semi-Arid Trop 
(ICRISAT). 13ARI and ICRISATjointly collected 2
local germplasm lines in 1985. Testing of advan 
materials from ICRISAT trials. i.e.. ICCT-DSjCS 
DS, and ICSN-DM continues. One chickpea cultii 
Nabin (S,) was released in 1987. This cultivar evolv 
through selection derived from ICCL 81248 of ICS 
DS, which was introduced at Regional Agricultu
Research Station (RARS), Ishurdi in 1981/82. Nat 
has a larger seed size, and yielded 14( more than t 
chickpea cultivar Pabta Local and 36% higher th 
chickpea cultiva H'yprosola. Nabin also liowers e;
lier than both Pabna Local and Hyprosola. 

Chickpea suffers from a range of diseases 
which wilt (Ft.sarium oVspuortw), drN' root rot (RI 
"octoniahatatioa), collar rot(Scroriumrlftii),ai 
botrytis gray mold (Botrwis cluu'rea) are iniporta 
(Ahnied ct al. 1982; Smithson ci aI. 1985). Elevt 
species of insect-pests have been recorded. Pod bor 
(ttcli/('erpa t1migral is tile only damaging pest i 
chickpea (Rahman el al. 1982). Consid:ring the aboi 
factors, BARI chi:rged the breeding approach in I98,
The pulses program was shifted to RARS, Ishurdi i 
1944 (Kumar 1984). The research efforn is concer 
trated on the following fields (Kumar I l5). 

Breedingfir disease re vistane (milt) 

BARI has been trying to develop wilt-resistant cult 
varssince 1984. A numberofexotic and lecalgermplast 
lines have been screened in the wilt-sick plots 
Joydebpur and Ishurdi and some resistant genotype 
have been identified from both sources. l3ARI has als
been introducing International Chickpea Root Rot an 
Wilt Nursery (ICRRWN) from ICRISAT and screen 
ing this nursery it) wilt-sick plots. A few lines hav, 
been identified resistant to wilt (Table 2). Their yieh
potential isbeing tested over locations and years. Somi 
of then may be released as commercial cultivars eve 
though they are not resistant to the root-rot pathoge
prevalent in this region. As yet, resistance to collar ro 
and botrytis gray mold has not been found (Smithson e 
al. 1985). A suitable field-screening technique againsi
botrytis gray mold is not available. In addition to our 
own efforts we look forward to ICRISAT's success ir 
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Table 1. ChIckpea trials and materials evaluated in Bangladesh, 1982-89. 

Year 

1981/82 

Sources of 
germplasm 

BARI ICRISAT 

528 

Source of No. of promising 
trial lines studied 
material 

BARI ICRISAT F, F2 F, F, F5 

2 7 16 10 

F6 

1982/83 528 2 6 50 15 

1983/84 - 6 3 7 13 

1984/85 211 3 5 23 12 -L 

1985/86 281 12 3 8 - 9 5 

1986187 12 1 10 38 - 335 139 

1987/88 741 6 1 14 - 25 

1988189 741 9 2 21 102 -

I. WR = Wilt resistant 

identifying varieties resistant to these important dis-
eases (Kumar 1990). 

A crossing program involving local cultivars and 

exotic wilt-resistant gernplasm was initiated in 1984 
and the segregating materials are being screened in 
Fuccessivegenerationsin wilt-sick plots(Kumar 1985). 

- 6 

38 19 10 

Promising entries 
selected Remarks 

K 850, L 550. K 850/27, ICC 7968, Lessaffected 
-7942. -7969. ICCL 81248 (S) by botrytis 

HMS 6. ICCE 5. ICCL 80031. SI found 
-81248 (SI). -73111. -74304, promising 
Pule G-4. -G-7, 

ICCL83001, -83002, -83008, -83150. 
-83251, -83228. -83223, E 2. E 9. 
E 9. E 20. E24, ICC 4951 

6-2. E 2. E 24,E 9, ICC 4920, 
-8585,-9323.
 

ICCL 83228, -86210, -84205. -82230. 
-82127. -83103. -83105,-83107.
 

-83007, -83008. -85222, ICC 11320 
RPSP 336. 

43(F4 ,, I5F,), ICCL 85204. -85222, SI released 
-84204. -85226. -h5324, -84201. as Nabin 
-83107. -82127. -83i()5. -83150. 
-83228.-86210,-86237.-8n236.
 
ICC 11320 

ICCL 1132), ICCL 86237,-86236, Found 
-86210, -85204. -84212, -85103, tolerant to 
-83105. -83107, -S3228. -82127. botrytis 
-83007. -83008, -85102, RBH 243(b). and suitable 
-127(a)- 109a). -220(a), -333. for advanced 
ICC- 11320 tnals 

ICCL 83103, -83(X)7. -83105. -83228. WR' 
ICC 11320. 

ICCL. 84212, -85151, -83153. -86237, Suitable for 
ICC 11320 late sowing. 

A good nutmber of resistant F, families have been se

lected. This program iscontinuing, with ntore local and 

wilt-resistantgemplasm being included. The pedigree 

method of selection has been followed with emphasis 

on higher numberofpodsand branches perplant, 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. 

Yield (t ha ') 

Entry/Cultivar 85/86 86/87 88/N19 

ICCL 83107 2.7 1.4 1.7 
ICCL 83228 2.5 1.8 2.0 
ICCL 83113 3.1 1.7 2.3 
ICCL 83(;07 1.2 1.3 1.5 
ICCL 86237 NT NT 1.6 

ICCL 84232 NT NT 1.6 
ICCX 840114(F,) NT NT 1.7 
S I xJG 74(F, NT NT 2.4 
JG 74 kSabur 40',1 NT NTr 1.8 

Nabin 1.8 1.5 1.9 


I. S = RSusceptible.= Resistant.MR = Moeratc. resistant. NT 

Br'eding fior /ah'-.snoing potentiaI 

BARI has been trying t0 develop cUltivars for late-
nOil conldilions since I986. Six wilt-resistance line,,, 

ICC 11321. I('CL 83151. 80237. 83117. 852. and 
831013 have been identified on 'lie hasis of their fast 
growing habit and large 0Lii ihei (ertile pods. liehir 
\ield potential w\ill he tested in di fferent locations fron 
next year. icsides Iliese. a iodest eforl to develop 
suitable kabuli-iypc cullivars continues. "I'o lines, 
ICCL 830)7 anIt183008 hase heet ideti ified Itbe higlI 
yielding and wilt resistant. 

Future Breeding Needs and Strategies 

Chickpea yields can be increased substantially it tra-

ditiotal growing areas. pro\ ided tile high yield is 
stabilized by incorporating disease resistance.Chickpea 
should be,.wtendced to notn-tradilional iones likeBarind 
to increase the total prod uction. For tis, \e Iuust 
develop the follow ing: 

I. 	 Multiple disease-resistant (wkilt. root rol. and 
botrylis) cultivars, rith ICRISAT's help. More
over.gernuplasni screening should be initiated 
against ctIlarrot to identify resistance sources. 

2. 	 Cultivars suitable for traditional and non-tradi-

1(W Disease 
seed reaction 

-	 Itlass ________ 

Mea (g) Wilt Botrytis Observation 

1.9 19.2 R1 S 
2.1 11.9 R S 
2.4 20.8 R S 
1.4 28.7 R S
 
- 14.3 R MR Botrytis
 

tolerant/ LSP 

8.4 R S 
10.1 R S 
14.10 R S
 

- 11.4 R S
 
1.7 13.5 S S 

Not tested.t.SP = I.ate%o ingpotential. 

lional ,rone ill [he rice-fallow svstells. 1111

pros enient o chickpea oioder lale-snii cotidi
lioncould e flulcilitted 1y combiing tfolerance 
to cold alldldrooclit. ,aid last crow inc habit ald 
short duration. 

3. 	 A chickpea ctliiahtton package for the thitid 
Iracl ol greater Ra.shalii district w%here only one 
rice crop. i.e.. Iocal 0c1h111(rain\ -seasoit rice. is 
growsn traditiOnall\ fle to lack of sUffilienl 
moisture. A croppio g pattern trial condtucted b' 
the On Fami Research l)iSioii. (OFRD)ill 
1988/89. indicated that cCen iianLire-,inan rice 
(BR- 14)-chickpea has %ide scope in this region. 
A larce area aooti11.75 lit ha) k hich othcrwvise 
rellialliS
fal
1ov,Could be No\% 1 to chickpea. For 
this pirposethernioeutral.drooght-tolerat and 
lastgrt, iung cui ar,, CRISATare necessarv. 

has alhCady identilied a drOulglt-tMIeratd ceiio
type. ICC 4958. which possesses a prolific root 
syrslen (ICRISAT 1t989 . Islam et al. ( 1987) 
have reported genetic %ariability and sinificant 
coot ribLtioi oftiot cliaracteis toshool growth in 
chickpea. 

4. 	 Cult ivars \%ith restricted growth. Sonie parts of
 
Bogra and Dinajpur renain fallow after harvest
 
ofaman rice.The soils are silt.,,
clay loam to silty
 
loat. 	atid soil toisture is quite high.Therefore, 
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Table 3. Biotic and abiotic stresses for chickpea and priorities for research InBangladesh. 

Traditional zone 	 Nontraditional Zone 

Gangetic Tista and Brahma-
Stresses floodplains putra fioodplains Barind tract Ot'.,ervation 

Bitic
 

Wilt. rot root collar rot I 1 I 2 Severe crop damage 
inepidemic years. 

Botryti gray mold I 1 0 Same as above (Epi
demics in 1981/82 

tHhiwoveripa pod borer 2 2 3 and 1987/881. 

Ahbiotic
 

Drought 1-2 0 1
 
Excessive soil moisture I 0 0
 
Micronutrieni deficiency 2 I 3
 

I. = no problem, priority, = second priority, 3 tihird priority.I = first 2 

chickpea plants inthese regions grow vigorously 
and produce sparse pods. A preliminary ,oil test 
response study at Ratig pur indicted that it lay 
he due to adeficientcy' of boron and other micro-
nutrients tBAR I 19"5). llo ever, the local cul-
tivats set more pods and yield bettet than the 
exotic line,, under these liethr ilconditiotns. 
Screening ol local atd exotic gCrmlaklS should 
be iniliated imncdiate l inthe Iight-texturcd 
soil' to idCnt if)desirable genotypes for these 
conditions, SO that Ihe potential fallow areas can 
be Made use 01'. 

Cultivars which callenerge in limiting soil 
moisture. Crops in farmer,,' fields it rice fallows 
or else %here show suboptitnal plant stands,pri-
mnarily caused by poor germinatiotnseedling es-
tablishmnent under the Io soil-moisture regime 
(Kumnar 1984). The ex isitig mnoisture conditions 
have already been recorded by ICRISAT(Saxena 
1987). Possibilities for developing cultivars 
capable offast germintior tndcrmininmum soil-
moisture cunditions should be explored, 

6. 	 Cultivars tolerant to Uh'lit'o'erpa arnigera. 

7. 	 A more efficient ideotype of chickpea. Plant 
architecture has played asignificint 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 (Islan 1986). In relation to 
chickpea, Singh and Auckland (19751, 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 interccption, and growth of 
structural attributes should favor high harvest 
index. BalI (1988) suggested that plants should 
be nedium-tall or tall witi upright and compact 

habit, optimum nutber 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 tilecrop 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 
without affecting pod and seed numbers. Finally.
it has been recommended that large seed size and 
more pods per plant shoul be used as selection 
criteria in conventional breed ing flloiw ing the 
pedigree methodolselection. Besidesdisruptive 
selection may be a suitable procedute for such 
desirable trait recoibinations. Lal and "loier 
(19 80 ),usingthismethod.developed lines(HMS-
6) having 2 to 3seeds per pod. %kithout adverse'y
affecting the ,ize. Furthermnore. recurrent selec-
tion may serve to sinlullanCOu,,lv improve seed 
size and pods per plant or seels per pod, naxi-
mizing heterozygosily. crossing over. and re-
combination among a)lleles at linked loci. This 
method also incorporatesimultiple gcntlVpes 
into acentral populalio.l, leading I a broader tiiseof geniplasin, breaking of linkage blocks, and 
release of desirable genetic rec0t1ihinati, nts 
(Jensen 1970). 

8. Cultivars responding to liighn inputs. 

9. Zone-specific cultivais with standard packages. 

10. Further linkage with ICRISAT for obtaining 
crosses with local cultivars and sources of resis-
lance. 

Discussion 

M. 0. Hyder: It 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. 0. Islam: Polyploidy (tetraploidy) has been tried at 

ICRISAT but was not found to be useful, 


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

M. 0. Islam: I have included disease resistance and 
late sowing potential as these two are the major con-

straints to high yield. I have also given priority to high
yield. In our observation chickpea yield is directly and 
positively corielated with ahigh nodulated condition, 
provided the crop is,grown under suitable conditions 
(top!i un soil moisture and witrient status). It is also 
out observation that highly nodulated genotypes pro
duce profuse vegetative growth and finally give poor 
yields. 

P. N. lahl: It has been reported that there is no pod
setting in chickpea ini a couple of districts which 
represent flood-prone areas. Possibly, it is due to the 
excessive mnoisture. From our experience in India we 
may suggest that line sowing should be tried in such 
areas. This practice will cut short the vegetative phase
ofthe crop. However, as acrop lentil ismore amenable 
to lale sowing than chickpea. 

%1.0. Islam: Thank you for 'our comment, but our 
observation is that in these district,, the addition of a 
small amount of boron produce, good results. More
over otr local genotypes are capable of producing pods
in this condition. I have al so observed that in flood
prone areas chickpea can grow well. However. I 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 give more than 
one pod per node? If so. can't it be used in a breeding 
program to increase the number of pods per unit area ' ) 

Nvi.0. Islam: Genotypes producing 2pods per pe
sduncle are available at ICRISAT. Our objective is to 

increase yield as well as disease resistance. It maycome through single pod per node or double pod per

node, as the genotypes ha,,e certain limits 
to pod

fonnation capacity. So. double pod per node cannot
 
ensure ain 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. -. Mondal: You have conidered larger seed size 
its your selection criterion 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.0. Islam: Thank you foryourcomments. We have 
to make a compromise for this trait, in order to keep 
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yield as our first priority. Yes, generally smaller seeds 

have better viability than larger seeds. 
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Status of Leittil 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 important pulse crop in Bangladesh. 
Low productivit' has progressively reduced the area under this cro.r. Over 1518 local v'd exotic 

germplasm lines were collected (1979-84) and evaluated(1982-87). None ofthese lines were superior 
to BLL 79694 (L 5) with respect to yield, maturity,and resistance to theprevalent diseases. However,some 
of these had largerseed size and wer , esistantto rustandstenhyl i:t blight. Varianilit.'among the local 

germplasm is very low. 1, 5 was purified and has been proposed to the National Seed Board for 

recommendation. Hyhridization between L 5and large -seeded, disease-resistant accessions was initiated 
in 1984/85. These crosses are in the F,atdF4 generations. Introductionsfrom ICARDA are davlength 
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 to 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 pulsecrop in terms ofboth area and production, 
and rates the highest consumer preference. During 
1985/86, iiwasgrownonabout67(XX)haandproduced 
47 (X)0 t of grain with an average yield of 700 kg ha '. 
It contributed 25% of the total pulse production (BBS 
197). This crop is generally grown in the traditional 
aus (rainfed) rice/jute/fallow-lentil cropping pattern 
and can also be grown in the proposed aus/jute-black 
gram (Vigna mungo (L.) Hepper/mung bean (Vigna 
radiata (L.) Wilczek) - lentil pattern. It iscultivated as 
asole ormixed crop with mustard (Brassica cans'stris 
I ),and to avery small extent, asa relay crop with ainan 
(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 cr )p 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 divzrsion of land from 

winter pulses to these cereals. Therefore, there isaneed 
to increas,: the productivity of lentil, so that it becomes 
remunerative to fanners. 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 yield potertial of the existing varieties: 
Cultivated lentil varieties are inherently lob 

yieiding, owing to factors such as less branching, 
low podding intensity, and small seed size. 

2. 	 Susceptibility to diseases: The major diseases 
affecting lentil are rust (Uromyvces fjbaf') and 
stemphylimn blight (Stemphylium sp). The inci
dence of stemphylium blight in Bangladesh was 
first 1980/81. causedreported during It has 
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 Bangladesh: proceedings of the second 
National Workshop on Pulses, 6-8 Jun 1989, Joydebpur, Bangladesh. Patancheru, A.P. 502 324, India: InternationalCrops 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 ofsoving by farmers: Instability of1 
yield is one of the main factors thai discourages 
farmers from sowing lentil. Therefore, total pro-
duction in the country is reduced, It is essential 
to develop varieties that give consistently high
yields over different locations and years under 
varying soil and climatic conditions. 

5. 	 Delay in sowing by farmers: Winter in 
Bangladesh lasts only17,(10- I 1ds. Farmers do 
not sow inlitne. Therefore. the crops have an 
even shorter period for vegetative growth, and 
are severely affected by rust and sieniphyliurn 
blight, resulting inpoor yields. 

6. 	 There is a lack of standard culttral practices to 
ensure high and stablc yiclds for thiscrop.There-
fore fairniers do not give cnoutgh importance and 
inputs to lentil cultivation, 

Bangladesh Agricultural Research Institute, (BARI)
has attempted to overcome these genetic limitations 
through conventional breeding approaches. Some 
progress has been Made, 

Achievements 

Although research on lentil was initiated (luring the 

early 1950s. the maineffort '.asdirected at thecollection 

and evaluation of hocal gernplastn. A few lines were 

tested over locations during the early 1960; but no 

progress could be made (Go 
 da and Kaul 1982). With 
the inception of the Pulses Inprovement Program at 

BARI in 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 loca! conditions (at BARI) to 
select the desirable types. So far 318 local and 1200 
exotic gemiplasm lines have been collected from the 
International Center for Agricultural Research in Dry
Areas (ICARDA), Syria and Plant Introduction Center 
(PIC), Washington, LISA and India (Table I).All the 
lines were eva:luv,ed and preliminary selections were 
made for yield and other specific characters. It was 
observed that none of the exotic materials performed 

Table 1.Lentil germplasm collected and utilized at BARI, 
Joydebpur, and Ishurdi, Bangladesh, 1979-1984. 

Local Exotic
 
Year germplasm gennplasm'
 

1980 139 (None) 
1980 101 50 (India)
 
1984 
 0 200 (ICARDA) 

Total 318 1200 

Present position 318 692 

1.Many exotic linesdid not flower at all and most of them were of 
the macrosperma type. 

better than the local types with respect to yield, dura
lion, disease response or any other character except
seed size. The macrosperma type, which originated in 
the Mediterranean region, doLes not perform well under 
Bangladesh climatic conditions, although some cul
lures were found to be resistant to rust and stemphylium 
blight. ltowevcr, tlheseareextremely late andsometimes
 
set few or no pods. The local collections exhibited very
 
narrow genetic variability in respect ofmaturity. yield,

and other characters. However, podding intensity
 
was good in a few cases (Sarwaret a]. 1981 ).Among

tie local stocks, a landrace (accession no. BLL 79694)
 
collected from the Pabna district was found to be the
 
highest yielder. This line, along with other selections
 
frotn loal and exotic sources, was tested during 1982
87 in different locations (Tables 2 and 3). !t was
 
observed thatBLL79694performedwelland 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 but smaller seed size (1.4-1.6g 
100 seeds'). 

Very' little success has been achieved in the selec
tion and adaptation of exotic germplasm in our envi
ronment through direct introduction. Therefore, the 
breeding strategy was rccast in 1984 and short-and 
long-ter approaches are now being followed (Kumar 
1984, 1985). The short-term approach was to 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 (tha') of BLL 79694 (L5) and other test lines at various locations, 1981/82 to 1983/84. 

1983/84 Different locations' 

1981/82 1982/83 Overall 

Entries (2 Locations) (4 Locations) Isd. Jam. Jes. Joy. Raj. Mean mean 

BLL 79592 0.96 0.88 2.99 1.50 2.32 1.18 1.85 1.97 1.27 

BLL 79554 0.61 0.85 2.83 1.40 2.62 1.40 1.83 2.02 1.16 

BLL 79504 0.93 0.90 3.23 1.30 2.54 1.08 1.93 2.02 1.28 

BLL 79546 0.65 0.79 3.04 1.20 2.43 1.07 1.85 1.92 1.12 

BLL 79543 0.93 0.84 3.14 1.40 2.54 1.27 1.79 2.03 1.27 

BLI. 79513 0.97 0.97 2.89 1.50 2.44 0.48 2.10 1.88 1.27 

BLL 79694 (L5) 1.03 0.85 3.47 1.70 2.61 1.10 2.04 2.18 1.30 

.d: hurdi; Jam: Jamalpur; Jes: Jewore; Joy.Joydebpur; Rai: Rajashahi. 

advanced generations and under nultilocational yield 

tests (Tables 3 and 4). The long-tent program is to 

develop srsort-duratiot, rtts-andigh-yielding 


stemphyhIuinn blight-resistant varieties with rclativelv 
lareer seed si/.Thchvbridizatinprogram waLsii ittatcl 

in 1 s4/85 with the objectie o1" incorporating rust 
resistancc and large seed s/c inlto widely adaptedtile 


line 131LI, 79094 (L_,5). 

In addition to L.5. the following parents are being 

used in this program: 

1. Rust resistance 

2. Stemphylium resistance 
3. Bold secd 

4. High podding intensity 

8,4233, 84228. E I 

V 81103 
79666. 84248.84228. 
84233,84143 

79542,79437 

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 (BI IL81149) and 

stein phylium iblight IBL.L 811241 as spreader rows 

afterever ' 5ro' sol'segregating iaterials. The pedigree 

Method of Selection is beinc f0ll,,wed and individual 

plants/fatnilies ssitli resistance ioboth diseases, high 

podding intensity, and earliness are selected fir tle 

next generation. At present a total of 7 F, and 100 F, 

families are being ILIdvaiicCd. 

In 1985. ICARDA was relucsted to make somie 

crosses usine L-5 and their rust-resislant iiies. and it) 

supply us witi tileset:regititig t)OI''lationS I Kun.ar 

1985). This program has received F,generations of 8 

Table 3. Seed yield It ha') of BLL 79694 (L5) and other test lines at various locations 1984/85 - 1986/87. 

1984/85 1985/86' 1986/87' 
Over

2 lsd. Jes. Joy. Raj. Jam. Mean Isd. Joy. Dinj. Mean all 

Entries Locations Mean 

BLL 811I.I 1.34 2.04 1.05 1.(0 1.11 1.30 1.31 1.34 0.99 1.07 1.13 1.26 

BLL81122 1.15 2.14 1.08 1.26 1.19 1.31 1.40 1.53 0.89 1.02 1.15 1.23 

BLL 81124 0.94 1.61 0.93 1.24 1.19 0.63 1.12 0.95 0.79 0.33 0.69 0.92 

BLL 81143 1.39 2.11 0.85 1.20 1.13 0.97 1.25 1.77 0.83 0.67 1.09 1.24 

BLL 811510 1.48 2.22 0.78 0.88 1.11 1.17 1.25 1.75 0.98 0.81 1.18 1.31 

BLL 79694 IL 5) 1.56 2.32 0.94 1.13 1.08 1.31 1.35 1.69 0.89 0.99 1.19 1.37 

t.Isd: Ishurdi; Jes: Jessore; Joy: Joydebpur: Raj: Rapshati; Jan: 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. 

-Days to Plant height 	 100-seed Yield
Entries maturity (cm) mass (g) (tha )
BLL81i22 l3 38 .6that 

BLL 84135 121 
 42 2.6 	 1.29BLL 84143 117 40 2.9 1.08 
BLL 84248 124 44 3.8 1.92 
BLL 85049 120 47 2.3 1.81 

BLL 80010 118 39 1.7 1.75 
BLL 80038 117 37 1.7 1.50 
BLI. 80018 117 40 1.6 1f75 
S113-55 112 36 1.6 	 1.95 
BLL 79694 (L 5) 112 36 1.6 	 1.70 

C.D.(0.05) 2.43 4.3 0.61 0.319 


crosses this year. 	These will be screened under 
Bangladesh conditions following the above procedures, 
Besides these, we received 29 F,bulks (LIFT-Er 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: 

1.Rust resistance 	 103-16, 125-5. 11(-78 
2. High podding 	 125-5, 113-55, 11(-117. 113-51 
3. 	 Maturity All 7 selections are at par with 


1L5(110 days)

4. High yield 	 113-55. 113-51. 125-5 

From these selections, the line 113-55 isnow undergo-
ing multilocation yield trials and others have been 

included in the hybridization program for specific 

characters. 


We also received and evaluated 224 lines under the 

Lentil International Yield Trial (LIYT) 
 and Lentil 

International Screening Nursery (LISN). Most of the 

lines were late and did riot flower, or flowered late, and 
produced only afew pods developed at the top branches 
of the plant. Moreover. insome 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 I1.L 
6037) were selected from the LIYT-E 88 trial for 
higher yield, more podding, rust resistance, and early
maturity. These lines are under observation, 

Future Breeding Needs 

Muehlbaur etal. (1985) indicated that for a narrow 
range of environments the breeding objectives shouldbe clearly defined, including specific characters of
locally grown cutivars that are to be improved, and 

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
12(1 days' duration. Morcoever. they should be resis
tant to rust and stemphylium-blight diseases and must 
produce stable and high yields.Breeding varieties for high-management conditions 
isalsoessential toi.ake lentil competitive with cereals.
Development of varieties that could give higher yields
under better management such as fertilizers and irria
tion is important. Although it is well known that 

genetic erosion has occurred in most of the pulses due 
to their cultivation on mtarginal and poor soils, there is 
enough potential for a favorable response to better 
manageten. 

Lentil can he grown in [he flat Barind areas of 
Godagari and Dinajpur regions but the lack of soilmoisture is a limiting factor during the cropping sea
son. It is therefore necessary to develop varieties that 
can thrive well in these conditions. 

Strategies
 

Lentil isspecifically adapted and therefore gives small 
yields when introduced in new environments
 
(Muehlbaur et al. 1985). 
 More germplasm especially
 
from tie Indian subcontinent, should be introduced.
 
The National Bureau of Plant 
 Genetic Resources
 
(NBPGR), India. and 
 ICARI)A, Syria are potentialsources of geniplasin. At present ICARDA maintains
 
about4700germplasm lines front47differentcountries
 
and we may request thei to supply us materials ac
cording to our needs. 

The ongoing hybridization program needs to be 
lurtheriiiensi lied, involviriglocalchIt ivars.M uelibhau. 
et al. (1985) reviewed the yield component studies. 
They ,-oncluded that branching pattern and number of 
fruits reaching niaturitv are the most important char
acters which contribute positively to yield, although 
these characters are also influenced by environients 
and agronomy (spacing, time of sowing, fertilizers). 
Singh and Singh (1969) reported high heritability es
tirnatesandgeneticadvancesforpodnumberseedsize 
and grain yield. They observed that pod numberlhad the 
strongest association with seed yield and seed size had 
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a negative association with seed yield. Seseral other 
workers have reported the important contribution of 

pod number and pritary and secondary branches to 

grain yield. Smithson et al. (1985) reported that seed 

size isaheritahle character and larger seed size (within 

acertain limit) contributes positively to yield in chickpea 
(Cirti arictinumL.). Therefore. during selection, eti-

phiasis should he given to the production of' a larger 
nunibe roIranc lies and pods.and relatively largerseed 

size. 
Screening against rust alld stclnlphyiui blight 

should coititnuic with the sprcadett-rim technique. 

Ho\ ever tlie discaetc iCdenCc Under n:tural cntditios 

S. K. Roy: There is a problem of low harvest index 
(I-l) for legumes. Is there any research program to 
improve the IIl of lentils'? Did you measure the leafarea 

index (LAI) of lentil? If so what was the range'? 

A. Sarker: Yes. in our long-tenn strategy we have 

incl ided breeding fo, higher HI. In our multidisciplinary 
approach for pulses improvement we have physiology 
is a comptoent part. Such information has already 
been recomtended by physiologists. 

M. H. Rahman It has been mentioned in the paper that 

under local collection, accession no. BLL 79694 (L 5) 

varies. and so iclinc i , sit fiUcHicili I create a.tfromnt Pahna district produced stable yields over years 

disease pressure on tile opu liTherere. t properIti. 
selection of the resistant plait, or fanilie, is,difficult. 

Sufficient disease piesreii i ,ie en'ured b\ art ii-

cial itoculatiot of thie tutiLal culture ii the lahmrator\. 

The palhohigit, shot0ld also lU\ tsbtethel ,pra\ itg of 

Iea\se aid phatit paris o tlkit st,,eplilhC i ,ss tllml be 

all CltCllise techniitiie tomCltC iNCasC Pretssure. par-

ticularl\ f r rut aild stetipli iim h til. 
I('ARI)A's help in rossig 1. 5 \ itlh carl\. rusl-

resistant lines ss th lareer seed ,ic should COntitue. Il 

fact. thi,, Iik'ae should he' :ren thened turther. Coi
iipettti of titlier inist;'.tfims s.smrkilo mii leittils,. ,,uici
 

a, tile ('p )e\elopillenlt ('entre. Saskaltittn. Caiada: 

L'Sl).\-.\RS. Washittitot State L'iver,,it, ,SA anl 

tile l)irectorate of lttlle,,Research. Kauipur. India ma, 

be siiuttlit tor seed itaterial, and scientific informatiot 
regarding crop iiipr enient. 

'lerefore. to inerease lentil prodtictisit.\ in 

B.atelates %artetics of 11t- 12)) da\ s' duration. re-
sustant to rlst. stentlphvhiuui blight, wkith I0(n-seed mass 
around 2.01 i. ;.lnd y'ield ptential of' 2.0)-2.5 t hit' a.re 
antirn2. astitute. 
required. 

Discussion 

M. A. Islam: You ssant to include one legume crop, 
namely nung bean. in the existing cropping pattern 
i.e.. broadcast (B. I imUNtjute - fallow - lentil. Yes. this 

is possible. But did you observe the effect of tie late 
mnonsoon season kharifl I )mnumg bean Lii lemitil as both 
are legune crops? 

A. Sarker: Ofall tile existing and proposed patterns. B. 

aus/jute-black gram/mung bean - lentil is the most 

For data and nutrient status you mayprofitable one. 
refer to Aziz and Rahman (1991)). 

and locations. We have been hearing about this for 

ntaiiv years. In \.ic of' good performances L 5 

dle serves to be released as a variet.v . Why has it not Vet 

been released? 

A. Sarker: T[le accession no. BLL 79694 was col
lected alld evaluated for some time. After its evalua

tion over years andiacross locatiois. we have subnitted 

the documents for release of this line to tile National 
Seed Board this year. 
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Abstract 

Khesari (Lathyrus sativus L.) occupies thefirst position in terms ofarea and production anong pulses 
in Bangladesh. Two hundred and si.:Y seven local and exotic lines have been evaluated for their 
performance and neurotoxin content since 1980. Three of these khesari lines Jamalpur. Pahartali, and 
Charbadna, w(re find to he high yielding.' Line 3968 was telatively low in neurotoxin cor tent. early in 
maturity and low in seed yield. Hybridization among high-yielding and low-neurotoxin lines has been 
attempted since 1984/85. Dhese and sonie other populations ]roni the Indian Agricultural Research 
Institute (fAR!). New Delhi, are in F, to F, generations.A three-location test fjr the PJ-N-oxalyl 
atninoalanine (BOAA ) content of13 lines showedsignificanteffecttsfor ccdtivars,environtents,and their 
interaction. "ITu inean toxin contentfor the lines grown (atIshurdi was tower than that at either Joydehpur 

or at Jessore. Attenpt.%to establish association ofvarious characterswith low toxin content showed low 
or no correlation. Since no laster and reliable method has been developed so ar, it may not be possible 
to screen ari;e populations. It is suggested that the single-seed descent (SSM inethodofbreeding rmay 

be fillowed. Screening f]0r BOAA ctontent mnay he lone titF,-F. generations onlY to select individual 
progenies. In fture attempts will be made to collect more gerntplasm. to make ,nore crosses, to screen 
breeding populationsfor najor diseasesoilthiscrop. andto developcultivarssuitablejor seedandfodder 

production. 

Introduction that it i p ltivissiblc to breed ci, ars which are relatively 
safe for consUmptio. In this paper w e describe recent 

Lathrus satitius L.. locally known as khesari. is the developmens ti this direction. 
most important pulse crop in Bangladesh. In I984/X5. 
itwas grow n on 82 000 ha. w ith a production of 60 001) 

t. The mean productiv il,of 735 kg hat 'is loss , as in Gerinplasin Collection, Evaluation, and Utilization 
other pulse crops. When i consttut is . ma .ajorport tin 
of thedict it is knos ntocatse adiseasecalled lath. risni. Since 1981 ,ittotal of 267 local and es.itic gerplasm 
A tietrotloxic colpocunl. 5-N-ox alyl a iniiialaninc lines %%ere collected. These were tested at Joydebpur, 
03BAA, focnditi this species. has been associated Ishurd i. and other places. The lines Jamialpur local, 
s,ith the dlisease (Spencer ci al 1~,~6 . l)espite this. the Paharali. and (harbadna shossed tigh yields. but were 
crop is culliatlcd ssitls n iost pars OIBangladesh relatisely late maturing. Strain 3968 which was rela
and else%%., tis'ely early limaturinrg hadl low neuroloxin cintent buthere becau,,e ofits tclerance to drought and 
excesivC Moisture and becau,,e it requitres loks inlpul,. also had lower yields (Tables I and 2). 
It has much ssider adaptabilits than any other pulse 

crop. Morc~cr,i rtprdccs qiahitv fodder for ncilch 

cattle. It is not possible to replace its cultivation n the t!,bridizatin 

foreseeable tuture sit is atniport-ant soitree ctf protein 
in sotre areas of Bangladesh. Research has indicated Since the 1984/85 postrainy season 3(1 crosses have 

Citation: BARI (Bangladesh Agricultural Research Insticutei. 1991.Advances in Pulses Research inBasngladesh: proceedings of the Second 
National Workshop on Pulses, 6.8 Jun 1989.Joydebpur, Bangladesh. Patancheru, A.P. 502324. India: International Crops Research Institute for 
theSemi-Arid Tropics. 
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Table 1.Characteristics ofparents used to make crosses of trophotorneter at Joydebpur (Quader et al. 1986; Kaulkhesari, RARS, Ishurdi, Bangladesh since 1984/85. et al. 1986: Hussain and Khatun 1987). from which 
some low-toxin lines were identified. However, dif-Parent Character ferent environments and storage periods appeared to 

3968 influence the toxin content. Unfortunately the large-Low neurotoxin, early maturity
3604 High yield scale screening required in a major breeding program
LSD 6 Low neurotoxin, bold seed is not possible with thc present lacilitics. We are now
Jamalpur High yield working with other labotatories so as to adopt faster
P 2 High yield procedures (Briggs 1988) and to epand this activity. 

8603 Low neurotoxin 
8609 Low neurotoxin Association of BOAA Content with Morphological
8608 Low neurotoxin Traits 
P 4 Hi i yield 

Attempts have been made to associate neurotoxin 
content with morphological trails and seed characters. 
Dahiva (1976 Iohser\ ed that light crean-colored secdsbeen made between high-\ielding local cultivars and had lio Ii.west IoAA c4lilln I lder 4.1 ;it I86

those having early naturity. large seed siie, and rela- reponoeo tliat ilue- flowered inesthad relatively hi\sr 
lively lower-neurotoxin content (Kuniar 1985) (Table BOAA content. Quatercet al. ( 19(88) observed that
I . These populations and sonic others receied trol', .lines haing Ioul neloto xil conltenit \%crc o' short
the Irdian Agricultural Rsearch InstitttClARt. .Nev, durations 0 .matt aad los1 ,icldilng. and that hili-
Delhi (Quader et al. 1986) arc in F, to F,, gencrations ildin lileshad hich toLxilcontelt. Iosever. Kaulet
and will be tested for yield and other agronomic Irat,,. t1.198 )d0linotd all. collsistent association bctm cen
The promising segregants will be further sat Uatcd IOAA content and nimrphohoical trails. A s,iter arras
for their neurotomxn content and tested for their aitlapt- olgerinplasm neCls o be 'tiLitlcit ti establish an such 
ability. relationiship. 

Screening for Low BOAA Content Ialuation of Segregating Materials 

A number of gemiplasm lines and segregants have In the 1ARI breeding program selection is presently
been tested for their BOAA content using the spec- made starting \%ith the F. g.ncration (BARI 1986). 

Table 2. Mean yield It ha'') of the entries in advanced yield trials of khesari, at various locations in Bangladesh,
1179-1984 I. 

Line 
1979/80 

(Jamalpur) 
1981/82 
(4 toc.) 

1982/83 
(4 loe.) 

1983/d4 
(7 toc.) Mean 

6118 
Charbadna 
Barisal 
3970 
3968 
Pahartali 
6130 

1.54 
1.80 
1.22 
1.11 

0.93 
1.83 
1.35 

1.38 
1.48 
1.44 
1.40 
1.23 
1.45 
1.22 

1.53 
1.77 
1.60 
1.63 
1.49 
1.77 
1.62 

1.87 
1.83 
1.87 
1.82 
1.59 
1.91 
1.78 

1.58 
1.72(31
1.53 
1.49 
1.31 
1.74(2) 
1.54 

Jamalpur
(Control) 1.94 1.36 1.78 1.99 1.76(I) 

I.No data were available for 1980/81. 
2.Figures inparentheses areranks for seed yield. 
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However, in the absence of faster screening procedures 
for determining BOAA content, early generation se
lection for this trait is not possible. We propose that the 
single-seed descent (SSD) method be followed in the 
breeding program. This ensures a large variability 
advancing to the F. generation. After visual selection 
for aLronotlic traits the holo,vgous progenies can be 
evaluated for their 13OAA content. The lo%%-neuro-
toxin lines thus selected can b: tested multilocationally 
for their yield and adaptability. 

Seed Production 

Wehaveobsered substantial bceactivit, onthe khesari 
flowers. as also reported bN Kumar (1985) and Kaul et 
al. f1986. outcrossilgThere is 4-16' in this crop 
(BARI 1986). This is tubstantiated by the presence of 
different lio.m er and seed colors in lo,:al cultivars, even 
after they are purified. W hile t1i, finidinig can be used 
in the breeding process. special tare should be taken in 
producing breeders' and foundation secl. 

I.ilization 

While the search for lov, -neurotoin lines continues. 
cltorl,, ,hould be made to dctosil'y the kheari dhal 
thrtt ghpro,:essing at thein ill lcvel and/orthe co sinier 
le\ el. Plarboiling o1 the ,ihal or soaking overnight and 
(lecanting. and soaking in lime %katerhave been sug-
gcsted to detoxil\ the dhal d lussain 199( . 

Table 3.Characteristics of six lines of khesari Intrials over 

Plant 
Days to Days to height 

Line floenng maturity (cm) 

36(X/2 57 Il 60 
3604 58 114 53 
3906 63 120 54 
3968 49 1(04 45 
LSD 3 59 11 59 
LSD 6 57 117 63 
Jamalpur 
(Control) 60 114 53 

I.Figures inparentheses are ranks for seed yeld. 

Future Strategy 

Priorities in the future include: 

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

a 	 Us ing the SSD method to achieve large variabil
it), for homozygosity, and testing these lines for 
their BOAA content: 

a 	 Breeding for resistance to stemphyliurn blight 
and downy mildew: 

a 	 Breeding for relatively short-duration cultivars 

which suit the various cropping patterns and 
rotations practised in Bangladesh: 

0 Breeding for better consumer acceptance: 
a Breeding dual-purpose cultivars for food and 

fodder: and 
* 	 Strei:gthening linkages with other countries and 

international agencies working on khesari. 

Discussion 

M. A. Islam: Are you trying to develop any culik ars 
of khesari for relay cropping? 

. :,. Rahmaa: As astrategy our advanced materials 
v,ill be tested in relay cropping as the farmers' do and 
the best ones ",ill be released. 

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

locations, Bangladesh, 1984.1986. 

Yield (tha') 

Pods 100 seed 1984/8) 1985/86 
plant' mass (g) (4 Locations) (5Locations) 

43 4.5 1.61 1.58(2) 
55 4.8 1.63(3)1 1.45 
46 5.1 1.77(2) 1.57(3) 
39 4.9 1.61 1.35 
56 6.0 1.21 1.32 
60 6.2 1.23 1.46 

41 4.5 1.991) 1.73(l) 
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M. M. Rahman: I have iot come across any literattire 
on this aspect. 

P. N. lahl: Some of the recent publications suggest 
that there is a ,tron,,lg posit,e crrelation heclN 

protein content and BO.\A cotent l itlt \wIl. 
L. I wonder ift his inlormai n canLiethe to ,tn the 
breeding populatitoil in11w, crop? 

NI.NI. Rahman: We mav tr,, this Ill Initure. tluoeer. 
the tesults of, association of1los\ toxii content vsith 
other characters are iticuoisistent 
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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 Research Institute released a mung bean (Vigna radiata (L.) Wilc:ek) 
cultivar Mubarik, in 1982 and identified scveral black grain(Vigna mungo (L.) Hepper) linesfor culti
vation in the early-monsoon (kharif-) season. andin thepostrainycrop-mung bean-t. aman (rainy season) 
rice/fallow croqping pattern. to replace aus (rainfd) rice. 7his has not foundfavor withfiarmers in the 
targeted areas ,nainly due to the uncertain weather during this season. The crop) must he sown before 
March, otherwis it is badly damaged hy eCe.Ssive rain aidhutnidity at inatuiritY. Excessive moisturemay 
delay maturit' atid result in the seed rotting within the pods. About 60-65(' o1 nature pods of'Muharik 
can be harvested at 65-70 idays, bit a conplete harvest may take ul to 3 months and hand pi'king is 
uneconomical. Yellow nsan virus ('M ') damiage reduces yields substantially. A large area remnains 
fallow between the carly montsoon and postraiv- seasons. 77Tis period is designated as late monsoon 
(kharifll). Kanti, another cultirr o] munig bean was released ii 1987for cultivation in !his season. We 
propose to lay relativel more emphasmiA on the dveolmcnt ofshort-durationYMV, andCercospora leaf 
spot-resistant cultivars which c'an toleratesoone waterogging. These wil/fit the aus (rainfed) rice/jute

uing bean-postrainy season crop in the nort/er'n and the t. anman-mung bean-aus rice ('roppigpattern 
in the southern parts oftlit country. The pulses prograln is now developing inoresc/h cultivars. 

Introduction 

Among the pulse crops in Bangladesh, mung bean 
0 igna radiata (L.) Wilc/ek). ranks Iifli in terms t' 
area and production. It ssas gro n on about 15 338 ha 
producing 9 052 t of gra ii wit 1 amcn vield of*Sl) kg 
ha (1313S 1986). It is iradilionallv grown InI tWo 
cropping patterns. About 60-51,; of the total IiLIng 
bean is gro In under the bor, (w inter) rice tltling bcan-
aus (rainfed) ricc cropping Ssst iII live sioutlhern 
districts: Patuakhali, Barisal. MadadipLir. Noakhali, 
and(Cox's Bazar from nid Jainua.try it) April (Table I ). 
In these arcas tlie local green-seeded m tng bean is 
cultivated. Under tl at. rice/Ijute-nting bean crip-
ping pattern (August/September). mainly golden
seeded davlength-sensitive cultivars are cutltivated. 

An effort was made at the Bangladesh Agricultural 
Research Ins!itule (BARI) to introduce short-duration, 
daylength-insensitve mung bean cultivars for March-
April sowing to replace the uncL-,ain rainfed ats rice. 

particularly in the northern districts of' he country 
(Sarker ct al. 1982). Since the winter pulse area is 
graduallv decreasing. the idea ol growing pulses in 
st inmer s,as accepted as t inajor step tos.,ards in
creased ptOdtlion. 13ARI released a mung bean 
cUllivar. Mubarik. in 1982. It %as assuimed that a large 
area woild be planted to this crop. I loss ever. only a 
ftc. hectares of land has been occupied by this crop in 
the planned atea. The obiective of this paper is to 
analyie the agroecological Iuctors limiting the expan
sin tol stLimer pulse cultialiln in Bangladesh, and 
the future colLrse of research onr these crops. 

Major Limitations 

Limited Sowing Time and Lack of Moisture at 
Sowing 

A mung bean crop grow&n in surtier 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, Joydcbpur, Bangladesh. Patancheru, A.P. 502 324. India: International Crops Research Institute for 
the Semi-Arid Tropics. 
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Table 1. Area, production, productivity, and cropping patterns of mung bean in different districts of Bangladesh, 

Area Production 
Distric! (ha) () 

Patu.khali 2901 1383 

Barisal 2632 1663 

Faridpur 2103 1176 

Noakhali 1514 640 


Coxes Bazar 318 246 

Comilla 397 226 


Sub total - tM65 5334 

Jesiore 1005 625 
Rangpur 905 635 

Dhaka 773 482 

Jarnalpur 421 271 

Kishoregonj 403 167 


Pabna 
 318 246 

Dinajpur 326 231 


Sub total 4231 2657 


8other
 
districts 1196 817 


Total 15 292 3808 

Source: BBS (1986). 

Therefore. if the last timae of harvest isassumed to be 20 
June and if the crop duration isabout 70 days then ihe 
last date cf sowing would be 11 April. A date-of-
sowing experiment showed that sowine in late March 
gives better results (Fig. I ).Traditionally Ianners 
grow pulses under rainfed conditions and ifthey have 0 

irrigation facilities tney will not grow mung beal "lhe 
probability of receivig 10 mm rainfall inthe second 
week of April ranges from 40-601; in the nonhern 
districts, based on which no production plan could be 

successful (Manalo 1978). Sufficient rain for sowing 

occursattheendofAprilorearlyMay. lfmungbean 
issown at that time the cropwill mature in July making 
harvest difficult. The fanners will then have no choice 

Yield 
(kgha ') 

477 
632 
559 
423 

774 
569 

541 

576 
702 

623 

644 

414 


774 

709 


627 


883 


576 


700

600 
500 
400
 

300i
 
200 

100 
0 
Mar 

Total 
area (")
 

19. 

17.0 
14.0 
I0.0 


2.0 
2.6 

64.6 

7.0 
2.9 
5.0 
2.7 
2.6 

2.1 
2.1
 

27.4
 

8.0
 

I(X).O
 

Cropping pattern 

Pattern - I 
Anian rice-nung-ous rice/jute 
(JuI-Dec)(Jan-Mar)(Apr-Jul) 
Mung bean cutivar Faridpur 
(green seeded) 

Pattern-I 
Aus/jute-mung-fallow/wheat 
(Apr-Jul)(Aug-Dec)(Dec-Apr) 
Mung bean Sonarnoong 
(golden seeded) 

Apr May Jun Jul Aug Sep 
Month 

but to plough down the crop (BAR] 1984; OFRD Figure 1. Yield of mung bean at different dates 
1987). of sowing at Ishurdl. 
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Moisture Variation -it Planting and Maturity 

Climatic factors primarily responsible for adaptation 

of \flung bean and black grant 1'igna intaito (L.) 

Hepper) are daylength, temperature, hunmidity, and 

rainfall. Afthough intung bean and black grain are 

reported to be droug hli-tolerant crop,, IMorton Ct al. 

1982: Rachie ani Roberts I1974h th.' are susceptible 

to Moisture stress during tile establishnent perioid and 

flowering slage (Rosario and Faustino I )5) The 

optintll temperaturc for bean and black grainittunt 
ranges trotn 2,_-30" (a\s t and Alin I 95. It ntay be 

possible to Stu thCec Cll, ill Hlanglladelh dluring 

Nlahchril some \car, b t the\ may ,1nff'r from pro 

longed drtougltt dotit !t A pr/NI .a dIie to hgf tento,-

perature 04-30"'('. loss hutltitdIti 1 -6W high p-
tential es a[poltttiratt n rate (5- itnt das an a 

tegative \%ater balance i I3V 105 tn) The ariditv 


index is repotlCd to ranC Irotn1 (1. at nitiajpr to 1.24
 

it Pabtia INlanalo I )78. These factor, result li piiir
 

plant gri\tIl. ssiltin, and ab,,cissioton ltitissrs. lead-


itg ultiniiatCl, to pttr %teld, If C\tC, ralil', occur 

during this periohd 55cI atidtittitIf 'tItihiton,, stlilillf 

vl;nintg. lusurialil 0r0\01, iil ieicteic Ctdieas,lsor and 
,qpread tf ftOliar diseascs, (Las It atitf I h again01. \tin 

resulting itloss ,icid,. 

Problems Iuring liarsi 

Fanne rs tlf the tirgeted area ire it t ace ustoined toihand 

picking as a Illeans ot liar esti g tile pods. But tiis 

practice cannot be avoided during the summer. Rains 
generally occur by the end of May when the crop is at 

the pod-filling stage, thus increasing soil moisture and 

humidity. Lonetz days tou pled with favorable soil 

Moisture stiulatle successive flushes of flowers. Thus 

individual race mcS may i,in, ItuhaneonsINy bear flower 

bud. fit sers, green a ;d ripe pods. I hhack gram the 

grotwlh of new lea\cs, and fruiting continues and the 

ripening period emtends over nany \seeks. It has been 

found that only about 65, pods can behar",ested Iiithe 

first picking ti 72 di, s. I SX', ti the second at 82 da S 

and 17'; ithethirdat 97days Table 2. SI) at least 9(
95 ly9idays r a complete harvest. If it rainsare required ft 

contintulsly over 2-3 tdi .,s during the maturity pertod. 

seds in ilatiurepltid will spri t or ay get discolored 

ad shrivelled. lose viabilit\. and spoil or become 
itfested sith Itniti. Thus har\esting. dring. and 

threshig becotite ittore difficult 

Bliliic Stress Factors 

The Iied tI)Oletlial Of tMin hCatl isnot reali/ed because 

antlntage. Sondar.eightdisses base 
beetn idetitfidolthi lt( tosoaic s trt) YMV ). 

Cercosptra leaf spl tI (1Sl. and potsder\ inilfew 

IIPNl till tile t ost setioils (Aihlned Ct ,il. l1)2: Fakir 

I183). Source"s of ret,,staitc' hae hemi ite'nlified for 

all the inaojr fiseases C\c-pi Io i NYM\,for \ hich only 
ntferalte re,,istailc" isaailable 1AVRI)' I t183 Saindhu 

1)78. 
Fourteen l ecteies of insect pests of inting bean have 

Table 2. Mean performance of 10 mung bean lines at different dates of sowing at RARS, Ishurdi, 1983i84. 

Dates of So" in' 

Character March April May June July August September 

Days to flsser 
Plant height Icni) 
YMV '17) 
Podborer ( 4I 
Yield (kg hal 

40 
37 
I1 
19 

638 

41 
53 
69 
17 

266 

45 
64 
65 
10 
31 

41 
52 
52 
9 
0 

41 
41 
42 
4 

192 

40 
41 
4 
17 

592 

37 
55 
57 
28 

634 

%yield at 1st harvest 65172 days)2 

%yield at 2nd harvest 18182 days) 

% yield at 3rd harvest 17(97 days) 

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

2. Figures inparentheses indicate the number of days taken to aparticular harvest. 

Source: BARI (1994). 
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also been identified of which leaf beetle (Madurasis
obscurella and Monolepta singnata)skeletonizes leaves 
at an early stage, while pod borer(Mar atestil/ahis)and
leaf webber (LaprosAMa indicata) are most daiaging 
at podding stage. Green bug A ,aieralutula)and thrips
(Caliothripsindi us) cause substantial flower shed-
ding and result in poor pod selling and yield (Rahman 
et
al. 1982). White l]v(Memi.ia th i)andaphids (Alhi. 
craccivora) are major vectors for YN'V. A study 
indicated that 25-31)4Nyield loss may occur due t0iod
borer (BARI 1986). In black gran tie insect p;'o-blen 
is less acute. The most daniaging are lea) beetle at tile 
early stage, and later hair\ caterpillar ( Du rioda 
ohliqua).Fannurs usuall\ (10 llotadopl plant-protectilo 

measures and generally reali/e pot, yields, 


Abiotic Stresses 

Among the abiotic Stresses. Soil type and fcrtility pla\
a major role. Both nilung bean and black grain perfortii
best on deep, well-drained Itilln, sandy, loaillsand 
(Mehta 1970:Rachic and Roberts 1974, and ictlihe arc 
well suited lotileshallowr ti lllertie saldV soils oil 
which they aie otfen gross il.It was reported thai icrop
 
producir., I I yield removes 40-45 kg N, 3-5 kg P(,
 
12 -14 kg K, 1.5-2 kg each otfS and Mg.and 1-1.5kL ('it

from the soil ( Lamn and Ahn I985 i. Iloss.\ er. 

do not use any f'ertilizer or per orni iltercultural op
erations. 


Conclusions and Future W"ork Plan 

It is clear from the above discussion that itiay totbe 
possible to replace the rain fed no. rice %k,till ti g beart 
or black grain even ifY.\l\"-resiali cultivais are 
developed becauseofihie ma jor itiiationS, i.e.. lick Oif 
moisture atll( sossiig tinie. 

HowAever. cultivation 

with synchronous pods matures at tie end of October
and whole plants could he harvested, thus reducing the 
labor requirement. The existing cropping patterns in 
the northern districts are au.% rice/jute (April-July/Au
gusLt- fallok (August-Ocio-Oer) - rabi (Novcmber-
April) or aus rice-jute-h ack gram (August-Scpteni
br-I)eceiher)- falloss. the tie 
mung bean, a large area may he brnught under pulse 
cultivation which otliersise einlains fallow. T o 

W\"it ,pattern involving 

things are importailt. suitableI.e.. soil (Sandy loal,ihy, Or silty liani1) s,\ith adequate drainage facility and 

timely sowing I In August). 
Short-duratioll uIllUe cultivars 1(,-65 da\s l arc 

required for this season. Ihese should be resistant/
tolerant to YIV an. ('LS.n to ss.terlogging I 
black grain. shor!-dihalon I65-70)daVs). YMV- ard 
possder\ iiildew Iesislaill//l(l.ellintculti\ars capableof gros. llunder /crot illageCOiid1itioL sh ouhl be 
des eloped.,ri). Inch purpose laiidiaces should be used
in the by hridi/,atlloll prOgL'll. FM the sotuthern part of 
the country -shlort-duiil Il, - ie dine cultivars %%fith 
reSiSnll*C/It)leCdiiC.e to YMIV aid (LS,suitable fr tle
 
eistin g ,liit Ilce-iiji bein-w, rice cropping pit
lerii ii he ifevc . 

Diti.sl
iscussion 

A.A. lili: )'ol have niioiicd sime pr- blens for 
earl\-monioton (kharif-[IIiIung bean such as number 
if pickings aind geriination .ilhindion't yiou the pods. Wh\try io develop c;lalivars swith deterili iate 
growth habit aid seed LorialnCV to avoid those prob
]els,.
 

I.l. Rahlnan: 0ur pieCxiII strategy is to develop 
suilable varielies flr lieLifeimiolsoon ikharif-I ) sea-
Sol %%herethese problems do Iot) arise. I think \se

is possible wkith presoksinig Should not 'peid niuch [titleand effort onlthese charirrigation ifi does ilotrain in litne. Oil the olier hanud acLt-r,,
for the unceitain earl\ umiolnsoon inung bean,a large area remain,, fallo%% front August to October, hecause there is it)cerlaint\ of raiiifall iiiMarch slheitafter the harvest ofau.%rice or jute till the beginiiig of' this crop isto be l[I.
the postrainy season. InI Spite of lieheavy Iots.onl' 
rains during AugusI-September,itis possible itogros I.N. Bahl: I w%ould like ioshare iour experietce withInung bean and black gram during this period. Postraiisy iii ung hean cultisatio in as a spring/sunitner cropseason crops like wheat. lentil, 

in
minusiard (UTa.vci tc-onlrastto yor experience inI
Bangladesh. This is
campestris L.), or tobacco Callfollow these (IHARI 

ani 
area with great poteitial for itsin India. Tile incidence1986). BARI isalready working in this line and has of' yellow. mosaic virus is 1lssand quality of seed isreleased a mung bean cultivar Kanti, for this period, better in this seasnit as compared to the khtarif-gros inMung bean isbetter suited to this pattern than black crop. Of course we need short-duration varieties (65gram but the latter gives mort stable yields. The crop days' maturity) toexploit thiscrop in the northern parts 
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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 

A bstract 

Gamma-irrjdiationof a chickpea cultivar (Cicer arietinum cv Faridpur-l) resulted in the release ofa 
high-yielding and high-protein chickpea culti ar tlyprosola. Its yield is 20% more and it contains 4% 
more protein than the mothercultivar. Ithas afartuitous combination ofafew more improved characters. 
A mung bean (Vigna radiata (L.I Wilc:k) strain, MB 55, was identified which has resistance to 
cercospora leaf spot and 20% iore viel! than the recommended cultivar, Kishoregonj. It has been 
developed through singh'-plantselectiuns fron a local collection. Two black gram (Vigna mungo (L.) 
Hepper) mutants Al 23 and M 25, were de'veloped through gamma-irradiationofa local collection. M 23 
is an erect, synchronou. daifwith bold, ghrousand upright pods. More plants of this cultivar can be 
accommodatedpcr unit area.thereby increasing the yield. Mutant M 25 is synchronous and determinal, 
and its pods are considerably les vthatirYlian its parent B 10. The mutant yields about 15% nore than the 
mother cultivar. Both inutant.artt tolerantoj cercospora leafspot and yellow mosaic virus. These are in 
advanced stages oftesting. Treattnents withphysicalantd chemic'al mutagens have vielded chickpea, lentil 
(Lens culinaris Medic.), and mtntng bean iitatlts with various improved characters. These are under 
intensive screening and evaluation. Future breeding s;rateqies are:fir chickpea, bold seed, resistance 
to root-re complex, botrytisiigrav nold antdpod borer. attdpotentialfor late sowing and earlv harvesting; 
in lentil, earliness, hol seed,resistanc'e to root-rot, wilt atnd stephyliutl innuing bean and blackgrant, 
resistance to or tolerance 1y'ellow mosaic virusand abiotic stresses: arndin khesart (Lathyrus sativus L.), 
the isolation of low-neurotox.in varieties. Attempts will be made to improve these crops through mutations 
ainduse of rutants inhybridi:ation. 

Introduction Institute (BARI) and the Bangladesh Institute of Nuclear 
Agriculture (BINA) from the tnid-1970s that produc-

The total area, annual production, and even the per tivity must be improved since increase of hectarage 
hectare productivity of the major pulses in Bangladesh was not possible tinder the prevalent socioeconomic 
have been on the decline for quite a long time tShaikhl conditions. A few more years elapsed before amodest 
1977).Thenational nutritional crisis foretold byShaikh pulse-research program encompassing all aspects of 
et al. (1978) has been aggravated during recent years. production was underway :t hoth the Institutes. The 
The food grain biased policy i.e.. increase of rice and main emphasis was, of course, on varietal improve
wheat production at the expen,,c of other crops (Jabbar ment. The achievements were reported and analyzed in 
1987) has brought this nation to the brink of total the First National Workshop on Pulses (Kaul 1982). 
nutritional disaster (Elias 1988). Progress in the genetic improvement of major pulses at 

It was, however, realized by the small groups of BINA since then will be reviewed and some future 
pulse researchers at Bangladesh Agricultural Research strategies will be discussed. 

Citation: BARI (Bangladesh Agricultural Research institute).Advances in Pulses Research in Bangladesh: proceedings of theSecond1991. 
National Workshop on Pulses, 6-8 Jun 1989, Joydebpur. Bangladesh. Patancheru. A.P. 502 324, India: International Crops Research Institute for 
theSemi-Arid Tropics 
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Achievements and Present Status Table 1. Mean protein content, protein yield per unit area 
of land Rnd important amino acid content in HyprosolaThe crops on which research is being done at BINA and Faridpur-1. 

are: chickpea (Cicerarietinun L.), mung bean (Vigna
radiata (L.) Wilczek), black gram (Vigna mtungo (L.) 
Hepper). lentil (Lens udinarisMedic.), and khesari 
(Lathvrus sativus L.). The achievements in the breed
ing efforts of these crops during the last 8 years have 
been summarized by Shaikh (1988) and are mentionedbelow.Sedyed(ha
 

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 
geniplasn of local and exotic origin, and selec-
tion of superior genotypes.

5. 	 Induction of mutations through treatment with 
physical and chemical mutagens, and sulection 
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 I 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 he 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 to Faridpur I 
is more than offset by the increased number of seeds 
thereby increasing the total seed yield. Protein content 
in M 669 was 22.5% compared to 18.5% ii,the parental 
cultivar (Tables I 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 Rhizobium local strain No. 
TLS (Poddar et al. 1980). The mutant was released in 

Character 


Protein content (%) 

Seed yield (tha-')) 

Protein yield (kg ha-') 


Increase in protein yield
 

Absolute (kg ha-') 

Percentage 


Amino acids (g 16 g' N)
 

Hyprosola Faridpur
(Mean) (Mean) 

22.5:0.5 18.5 +0.4 
2.29 1.922.919
 

515.3 355.6 

159.7 	 

45 

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.(t1982) and Shaikh (1988). 

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

Oram et al. (1987) studied the isozyme similarity 
and genetic differences in morphology between 
Hyprosola and Faridpur I and indicated the presence of 

Table.2. Comparison of various agronomic characters of 
Hyprosola with the mother cultivar, Faridpur.'. 

Character 

Height (cm) 

No. of branches plant' 

Maturity (days) 

No. of pods plant' 

No. of seeds plant' 

1000 seed mass (g) 

Harvest index (%) 

Color of mature fruit 


Possible population 
(plants ha') 

Source: Shaikh etal.(1982). 

Faridpur' Hyprosola 
50-55 45-50 

9 7 
155 145 
80 92 

125 155 
85 75 
33 40 

Dull Shiny 

70000 ±5 000 80000+500 
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a few recessive mutant alleles in Hyprosola. These correlation coefficients also revealed a strong asso
were alleles for small seeds (ssd). long and narrow ciation of pods plant with yield. It was concluded that 
leaflets (Inil. arid early flowering (efl). The reduced pods plant ' should serve as the best selection criterion 
plant height in Hyprosola apparentl, results from re- for improving the yield potential of mung bean. An
cessis e inutat ion at tvwo Ioci rht- I and rht-2, one of' other study (Sham suzzamani et al. I983) showed that in 

'khich is linked to ssd 'kith I6 + 6O',reconbi nat ion, addition to pods plant ', number of branches also was 

Desirable mutants for earliness, disease tolerance, an important character for selecting high-yielding 
higher number of pods, and erect plant architecture genotypes. 
,,ere isolated front asecond batch of irradiated Faridpur Two cycles of single plant selections of gernplasm 
I seeds (Shaikh I983 . One ro1utall, ( 299 proved its collected from Sitakundu (Ahmed et al. 1982) :esulted 
Superior t o\ cr other mutants and Faridpur I (Shaikh inthe isolation of a line. Accession no. N1 B55. resistant 
et al. 10983. to cercospora leaf spot and tolerant of mnung bean 

SOidiui tita/ide treatnent of-I vyprosola seeds resulted .ellow mosaic virus (MYMV). Its yield is 2W), nior" 

inisolation of 15 true-breeding chickpea lines. 9 of than the recomnended cultivar. Kishoregonj (MB 63) 

%Nhlch have more pods plant 'and higher yeld IShaikh iTables 3and 4 (Shaikh et al. 1988). Its seeds are about 
etal 195 1. The,,e are uIderi going further tests. 25 4 larger than those of Kishoregonj (Ahnted etal. 

1978).
 

*rite-of-sow' tig expert ments v,ith 60 local ande.itic 
\lung,Bean gernplaso lines through fornighil. sO, iigs placed 

the accessions in groups like "real sumnier". modified 

Simplecorrelation coefficients of some agronomic sumtoer",and winter types. Some of these are of the 

characters of 70 strains revealed significant positive short-duration type and fit %'ellbets'.een two tmajor 
assiociationt of numbter of pods atnd nutober of branches crops (Beguin et aI. 1983 j. 
%.itl yield plant 'IAhned ctal. IOX I i Seed siie, plant In nultilocational trials MB 146, a hybrid dcrivat e 

height. da\s to ering, and sAcre negi- from the cross of a toutant x V 5197 yielded moreflo,, maturity 
tivl, correlated %,ith. iCld plant . Partial ard nultiple (Shaikh etal. 198K) (Table 5). An Asian Vegetable 

Table 3. Mean seed yield itha-') of three selected mung bean lines in different sites and years. 

Seed yield of lines 

Sitakundu Golden Mutant 36 Kishore- Tnal 
Sites Year (MB 551 gonj- Mean 

Kishoregonj 1978/79 1.56a' 1.32b 1.l8b 1.20b 1.30 
Ishurdi 1978/79 0.65a 0.56b 0.48b 0.49b 0.54 
Kishoregonj 1979/'(0 0.83a 0.68bc 0.61c (.71 b 0.56 
Ishurdi 1979/80 0.43a 0.28d 0.34bc 0.36b 0.35 
Jamalpur 1979/80 0.60b 0,77a 0.52bc (41. 0.46 
Kishoregonj 1981182 1.29a 0.95bc 1.03db 0.75c 1.02 
Mymensingh 1981/82 0.99a 0.88b 0.85b 0.74c 0.86 

Line mean 0.90 0.78 0.72 0.67 

Regression coefficient 1.1 0.80 0.91 0.77 

Correlation coefficient 0.98"* 0.93** 0.98"* 0.94 ** ' 

arenotsignificantly different at the 0.05 level.1.Means within each ros. followed b)common letters 
2. Control. 
3. -Significant atthe 0.01level 
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treatment of MB 55 seeds yielded erect and synchro-Table 4. Combined analysis of variance in mung bean nous mutants (Sheikh et al 1983).

yield trials.
 

Degree of Mean
Source of variation freedom square F-test Black (Grant 

Year 2 2167966 300.58"'
Year x sites 4 1274761 176.74** Nutber of pods and inflorescences plant*' showed aResidual 23 7213 1.06 high positive correlation with seed yield. Similarly the•ultivars 3 236788 34.68 fomier two characters were positively correlated with
Year x cultivars 6 38668 5.66 each other.Year x site xcultivar 12 41733 6.11 Erect, disease-resistant. synchronous, early, andResidual 69 6828 bold-seeded nulants were isolated following gamma-

Significant level. 
iserect, synchronous, at deteriinate ingrowth habit. 

1.- atthe0.01 ray treatments (Shaikh and Majid 1982). Mutant M 23 

Its pods are hairlcss, bitXo.r. clustered, and upright 
cotpared to horiontal/downvard borne pods of the 
parental cultivars (Shaikh elal.1982 ).Mutant M 25 is
sytchronous, detcrtninale. slightly more dwarf and itsResearch and Development Center (AVRDC entry V pods ate consideta bl less hairy than the parent B I0.2272wr "ompi atively free from YMV.atd hadtnore II addition . M 25 is tnoderatelN resistant to CLS andpods and more yield. YMV and is also higher yiclding than both B 10 and B 

Evaluation of gamnma-ray induced rnutants and 23 (Shaikh 1988).
germplasm iordisease incidence was carried oul. Sote 
of these breedingtmaterials showed altered plat ar
chitecture and synchrony inimaturity (Shaikh et i al Lentil 
1985).
 
D.arf-erect. bold-seeded. snchronoUs, and high-
 NUtiher of pods and branches plant a heightand plait

yielding tnutan ts s,ere selected rontganmtin a-ray treat- were f'otnd to be tie main cotributors to yielh (Islam

ment ofMIB 55 and MB 56 (Shaikh et al. 1982). NaN 3 
 and Shaikh 1978). Protising high-yielding ntltatns 

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

Lines 

MB 246 MB I MB I VC 1000 VC2272 Nluharik MB 87 TrialSite Year iControl) (Control) mean 

Kishoregonj 1984 0.50a' 0.40ah 0.31b 0.2(kd N.T- 0.39ah 0.td1 0.33Ishurdi 1984 1.63a 1.14b 0.92cd 0.79d N.T .(14bc 0.55c 1.01Kishoregonj 1985 0.57a 0.48ab 0.23c (.331k, N.T 0.45Ab 0.27c 0.39Ishurdi 1985 1.66a 1.23ab 0.73c 0.86k,. N.T 1.25ab 0.61c 1.06Kishoregonj 1986 0.74a 0.46b N.T N.T 0.69a (.341 0.37b 0.43Ishardi 1986 1.62a 0.981c N.T N.T I.4((ab 0.96kx- 0.91c 0.98Faridpur 1986 1.24a (0.96ab N.T N.T 1.19a 0.84b 0.87b 0.85Barisal 1986 0.91 a .139h N.T N.A 0.59ab 0.40h 0.58ab 0.48Line mean I.II 0,76 0J.55 0.55 0.97 0.71 (.54 

t. Figures in arow with common letters do not differ significantly at the 1level.(Il

2.NT = Not tested. 

38 



have been selected from the segregating population 
following acombined treatmvnt ofNaN3 + gamma-rays 
(Shaikhet al. 1985). Advanced tests are beingconducted 
for these. 

Khesari 

Narrow ranges for days to maturity and rmber 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 I 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 P-(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 abigger 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 intensive yield testing. 

Future Breeding Strategies 

The future breeding strategy for pulses in general will 
be lo achieve: 
* 	 larger seed size, 
" 	 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 seed; resistance to root rot, wilt and 
stemphylium blight; potential for late sowing and early 
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: 
. to screen existing germplasm further. 
* to create variability through inducting mutation, 

and 
0 to 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 
numberof 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: I. 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: I. 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 

Research on sixlmlse crtrp)s'as initiatedin 1979 but the mnajoreffort was concentratedon chickpea/Cicer
arietinun L.). lentil (Lens culinaris Medic.), khesari (Lathyrus sativus L.), and mung bean (Vigna radiata 
(L.) Wilc:ek). 'er'vlith' atteTntion has been paid it)black gram (Vigna mungo (L.) Hepper), pigeonpea
rCajanus cajan L. Alillsp ),and cowpea iVigna unguiculata (L.) Walp.). Fieldpea (Pisum sativum suhsp
arvense) ha.s not been inhtclu'dforresearchsofardue to resource constraints. One black gram line was 
proposed to the Nationeal Seed Boardfir reh'ase. Short-duration pigeonpea has been studied in different 
locations and one promising line. 70012. ss'as identjified. Some lIcaland exotic germplasm lilies ,afblack 
grant and to;t-pea have' been collected and evaluated. These inayfit into nest'cropping patterns and 
specific.cituations. Block rait cn he grosihe as a relaycrop withflood-affected aman (rainy-season) rice.Shoert- and en,'dieem-cleraticn pieg'e'enpe'a'nay/' ekrocn ax amixed crop with black g'ra,,tor onfieldbnds. 

and in the Chitta,,ongt hill tracts. Apart frorn the traditional areas, cowpea has tte potential to be grown 
in the' soethern paIrtI of the oueir," iittit'atnan ric-cowc'pe'a-aus(rinfed)ric' cropping pattern. Thus 
these mineor pulse' crops can play a significant role in halting tihe'declining pulses area arid production 
pro vided high -yielclingcettivars arede Ie'loped. These possibilitiesalon, with the need forspecific types 
o)cult vars have been diseettssed inthis paper. 

Introduction eluded enthe program. Some progress has been made 
in germplasm collection and evaluation, identification

A multidisciplinary ceordinated research effort on six of bioetic and abiotic constraints, and in developing
pulse crops. lentil iLen.sceinaris Medic.). chickpea potential cropping patterns for these crops These 
(Cicer arietintn L.). khcsari (Lath vriessativs L.). pulses can play asignificant role in increasing produc
mung bean ('ivia radiatat L.) Wilc/ok). black gram titmn itsuitable high-yielding cultivars are developed
(iina ntno L.) Hepper), and pioeonpea (Cajaiiles with specific characters for particular situations. The 
cajat (L.) Millsp.) wa s initiated at the Bangladesh objective of this paper is to describe the present posi-
Agricultural Research ln',titute (BAR I in 1979. Later tion, and prospects for future research on these crops. 
cowpea (,'ivna enu,telctat (L.)Walp. ) was included 
rithe program. Lentil. cltuckpea. and khesari are 
gro, I;in winter and account for about 80M4 of the total Black Gram 
pulses (Islam and Raihn.tn 1990). \'lung bean contrib
utes 5d,. and has the special advantage of being ashort- Black gratn is the fourth most important pulse crop of 
duration crop. and so can be used as a catch crop. Bangladesh. grown on 33 600 ha. producing 24 000 t of 
Hence amiajor emphasis was given to these four crops, grain with amean yield of 714 kg ha '. and contributing
Little attent ion has been paid to black gram. pigeonpea. about 13% of the total pulses (Islam and Rahman 
and cowpea due to resource constraints. Fieldpea 1990). It is generally sown in August/September in 
(Pistn sativtni subsp arvense) has not yet been in- well-drained high or medium highlands after harvest-
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ing upland aus (rainfed) rice orjute in the aus rice/jute-
black gram-fallow/wheat cropping pattern. 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 isalso grown under zero-tillage 
conditions, on the roadside or by dams. mostly for 
fodder pirposes. 

Most of the late-sown crop isaffected by powdery-
mildew (PM) disease which may cause a yield loss of 
about 32'7 (BARI 1987). Local cultivars suffer dam-
age by yellow mosaic virus (YMV). 

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

Cr'-lrent Sttus 

About 310Ilocal and 450 exotic gernplasm lines have 
been co llected from India and Pakistan and evaluated 
tor earlinessand high yield potential. The variation for 
Nicld and yield-cmutributing characters is very low 
although there is some varition in ,eed size (I seed10 

mass varies from 3.1-5.3 o . crop duration (05-85 
days,,. pods plant iand pod piubescence IBARI I986). 
The local collections are daylength sensitive and 
exotic ones are mostly photoinsensitive. Onedaylength-
insensitive line (MAK I ) has been placed before the 
National Seed Board (NSBi) for release. Currently 
these gennplastr lines are being screened against PM 
and YMV diseases to identify resistance sources. Some 
sources ofresistance have been identified against YMV 
but none has been hound against PM so far. 

ProspetIs 

Black gram is a more hardy crop, more tolerant to 
waterlogging. and has fewer disease 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 isused. the total production can 
be increased with the existing cropping pattern. A 
cropping pattern trial has been conducted with the 
bla-k gram line MAK I and it was found that it can be 
grown under minimum tillage. It was found to fit well 

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 
extendeda large area would come underpulses without 
disturbing tile existing cropping pattern. Damage by 
floodshas become aregularphenomenon in 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 partially 
darnaged amn! rice are required. 

Fturc re.iarch 

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 season cropping pattern, and high-yielding. 
powdery mildew-resislant ,arieties for the postflood 
situation. In both situnations varieties capable of growiring 
under ininimnum-tillage conditions are desirable. 
Theretore. hybridization prograins and selection in
volving tile nornal cuItivated type and the fodder types 
(which are grown with ininiurn tillage) should be 
nade under ihoise conditions. 

As a general strategy additional exotic gennplasm 
should be collected. andanextensive crossing program 
initiated to create variability. The podding potential in 
black grain is greater (Lawn and Ahn 1985) hence the 
number of pods per plant may be used as a selection 
criterion. For pulses in general, 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 oithe cropping pattern 
involving black gram. It has been observed that black 
grain has a depressing effect on the subsequent 
postrainy-season 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 

Pigeonpea isone of the minor pulsesgrown 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 amean yield of 640 kg ha 'in 1985/86 (BBS 
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1986). The long-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, etc., in April/May and harvested during 
Fehruary/March. Its area is also declining due to 
competition with tile postrainy-season crops, and is 
now relegated mainly to the roadsides and backyards. 

(j'urret'tstatus 

BARI has introduced some short-duration pigeonpea 
frorn ICRISAT and United States Department of Ag-
ricuIture (USI)A Of these, tour lines hav: been 
evaluated over locations for several years and one 
promising line, 7(112. has been identified (Table I). 
On an average they produced a yield of 1300 kg haI 

within 125-1 35days. The lines showeda eld potential 
01 23101) kg ha 'at Ishurdi in I1)85/86 and about 4)01 kg 

Ia' at Boura iii I97/88. It ,.,as shtliosn that tihe 

optili ill time of stoig for these pigeopil a line,, is 
September. atdifficuIt time to find land for this crop. 
Alteriativsel it has been found growing a, a mixed 

CloiwitIi black gram in [tlie a.s rice-black grain-tallos, 
cropping pattern. The pigeonpea line 76012 will be 
placed before NSB for release. 

Pr 'AIOt 

Though pigeonea isa ninor crop. it has the potential to 
fit into tile div-rsified cropping ,'slenis practised in 

this country. ()oe of the cropping pattern, in the 

noirthen part of this country is 0t1.s rice-black gram-

lathss. In this pattern fane rs cannot gross postrainy
seasion criops :fier bIlack grain due to lack of inoisture 
al sokint:ii tne. In thispattern short-dtrralion pigeoipca 
Call hc urii a, a onsi\ed crop siili black grain. 
Pigcoipea is so ri in lines 60 cii apai along witi 
broadcasted black grai. Black grain is hi,r\ ested in 
)ece il hcr %%lie ii pi geonpea atia iis alie ight of about 610 
ci al(d begin t itlmer. Thus it does not affect the 
black grant vi eld. If this cropping svsteni is exlended, 

a large area an be brought under pigeonpea s,hich 
other\%ic remain,, fallo\. Anothetr possibility %ould 

be to gros\ iigeonlcia as li a isle" crop ariiound tie 

hunds of rice fields 0ihr0tighot the notrihrn pa',is otfthe 

country where it should be 5055 ii by the dibblirg 
method. This is a sery cli trioil practice ini eastelrn 
Nepal. For this practice probably ighi-vieldirg rue-
diui- and lotig-duration pigeoipea nlay be giod. 
High-yielding. long-duration varieties may also be 

tried as sole crops or bund crops in the traditional areas 
as Well as in hill fanning. 

Future research 

There are variations among the tanners' cultivars in 
respect of disease reaction (to sterility mosaic), growth 
habit, and yield. '[herefore local geniplasm should be 
collected and evaluated so as to select tile best hnes. 
Fortunately ICRISAT is working on this crop and a 
huge genetic diversity isavailable. We should take this 

oppo-urtuity to develop short-, nmCdiniliii- and long
duration, high-yielding varieties suitable for our 

cropping system, through introduction and selection. 
Mixed-cropping experiments to deterniine ptLpu

ltitioidensity, spacing, and fertilizer pliceiiieit should 

contilntic. Large-scaledemnonstration ofbund croppilig 
in Bariml.and other highland areas should be empha
sized. 

Cowpea 

Cowpea. locally called Fahoi is tie most important 
pulse crop in the Chittagong Division. It is nostlv 

grown in Chittagong. the Chittagong hill tracts, and the 
southern part of Noakhldi. Itis also grown sparsely in 
Barisal and Patuakhali and the coastal islands. In 

Chittagong and Noak hai it is 5.o,,n troin the end of 

Novenber fill inid-January in tile transplanted nallro11 
rice-cowpea cropping pattern. The local cutivars are 
oftlie limg-duration type. which take about 130 days to 
mature, anud are indetenninate in habit. 

(' Orent Nstatus 

Sione research was iniiated ,oin cowpea in 1984 at 
Regional Agricultural Research Station (RARS) 
H]athazari. Chittagong, aiid since then it has been 
servin igas the onlv stalrion for cowpea research IBARI 
I1985 ). There is a treiniericOUs shortage of inanposer 
but deSpi te this ihe hive Iade some progress ill 

gerniplascn tlec tioii aod eCaharion. About 51 

geiplasn lines s%%ere Australia andcillected froin 

is o local (black-and pink-seeded lines si erecvaluated 
over several sears. The tmso local collections were 

foulnd better for vield arid otlher characters (Table I ). 
The insec-pest complex has been stirveyed in tile 

Chiittagog area. Six insect pests have been identified 

(BARI 1986): stern and pod flies IOphiomviaphascoli, 
, IchoagronylvZia ohmisa). Aphid Ap/.s ('rui'ir'a ). 

Galerucid (IAadurasiaohb.urella). hairy caterpillar 
(Diacrisiaohliqua), (Amsaita moorei), spotted pod 

borer (Maruca testlalis).and hairy-streak blue-but
terfly pod borer (Echrsios ciits). Pod borer and 
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Table 1. Mean performance ofthe advanced promisIng lines or cultivars ofdifferent crops over locatIns, 1984/85
,and1985/86. 

Days to Days to 
Variety/ flower- maturity

Crop line ing 

Black gram MAK-I 36 80 

Pigeonpea 76012 
 56 124 


Cowpea (a)	Local 93 131 

pink 


(b)Local 103 137 
black 

Source: BARI (1985). ( 1986). 

galer,.,,'id are the more serious pests. Pod borer causes 
damage to the pods to an extent of47% (BARI 1987). 

Prospects 

Cowpea is more stable and has higher yield potential
compared to other pulses in Chittagong area. With 
high-yielding varieties the present production can be
increased substantially in the traditional areas of cul-
tivation. Its cultivation may also be extended in the 
southern districts like Barisal, Patuakhali. Bhola, etc. 
in the t. arnae rice-cowpea-au.s rice cropping pattern.
Cowpea also responds well to 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 cowpea
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, 

o0-
Plant Pods seed 

height 
(cm) 

plant' mass 
(g) 

Yield 
(tha') Remarks 

47 33 4.1 1.70 Daylength

84 96 6.2 1.31 
insensitive type
Highest yield of 

2.35 t ha' at 
Ishurdi and 
3.98 t ha' at 

63 12 9.9 1.83 
Bogra
More 
Common 

98 17 12.9 2.19 

Therefore, in the future, the following steps may be 
taken. 

I. 	 Cowpea research should be strengthened at
RARS. Hathazari by increasing the manpower 
resources. Another substation for cowpea re
search can be developed at Rahmatpur. Barisal. 

2. 	 Local gennplasm should be collected from the 
traditional areas. 

3. 	 More gernplasin should be collected from dif
ferent international sources. 

4. 	 A disease survey should be done and yield 
losses due to major diseases detennined. 

5. 	 Economic control measures against major in
sects should be developed. 

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

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

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

A. Hamid: In your paper "Progress and prospects of 
minor pulses in Bangladesh" you mentioned that RARS. 
Hathazari has been serving a',the only station for 
cowpea research. This innot true. In IPSA we have 
been work ing on ag.1oroln ic and phs iolog cal aspectS 

ol cowpea productliol for the past several year,,. Sone 
of our findings h;ve heen published in national and 
international journal.. The BAI .\gronomy group is 
also %% oinCo\%pea.orkilgu 

M.M. Rahman: I Imreintioned that BARI's cowpea 
reNarch iso1n ConlCLirItaed alIlalha/ari. Thank you 
to tle oilher iltorlllation. 
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Soil Nutrient Status Affecting Productivity of Pulses 
in the Major and Potential Pulse-Growing Areas 

M.S.lslam 
Bangladesh Agricultural Research Institute, Joydebpur, Bangladesh 

Abstract 

A briefdescriptionofthe general soil types ofthe major and potential pulse-growing areas ofBangladesh 
is given. Seven general soil types have been identified as being suitable for these crops. The soil pH of 
the majority ofsuch 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 supplying capacity of the soils is generally adequate except in afew 
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. Sulphur 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 
considered adequate. Nutrient requirements ofvarious pulse crops based on yieldgoals have been given. 

hitroduction 

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 (Lath vrussativu.s L.i, black gram (Vignamungo 
(L.)Hepper).chickpea(Ci'erurietinumL.),lentil(Lens 
culinari.%Medic.), and fieldpea (Pisunm sativtum subsp 
arvense); Jessore: chickpea and lentil; 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 grown in 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, calcareous gray floodplain 

soils, and gray piedmont soils. A brief description of 

these general soil types follows. 

Noncalcareous alluvum 

This general soil type consists of recent deposits car
tied 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 ascattered manner on these soils. 

Calcareous alluvium 

These soils occuron the active floodplain of theGanges 
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 
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deep. Some soils in the southern pvrts of Noakhali and 
Patuakhali are also affected perio,'lically due to salt 
water flooding ano most become saline in the top layers 
during the dry season. Chickpea, lentil, khesari, cow-
pea, and mung bean are widely grown on these soils. 

Noncalcareous gray floodplain 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 tile season,monsoon 
The soils are mainly loam to clay loan in texture. They 
are seasonally flooded and chara'teized by the pres-
ence of gray flood coatings along subsoil cracks and 
pores. Chickpea. lentil, and khesari are grown on these 
soils. 

Nonl'(chreoIsdark gra.v loodplain soils 

These soils occur widely on the old Brahrnaputra and 
old Meghna Iloodplains. They are seasonally flooded 
and characterized by the presence of(lark gray to black 
flood coatings along the subsoil cracks and pores.
They are loam to clay loam in texture. Chickpea. lentil. 
and khesari are grown in a scattered manner on these 
soils. 

Calcareousdark gray floodplain soils 

This general soil type includes a wide range of soils 
varying from friable, oxidized, and calcareous 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 nuon-
soon season. They are dark gray but sometimes brown 
on ridges, and loamy intexture. These soils are suitable 
for the cultivation of all kinds of pulses. 

Calcareoushrownfloodplain soils 

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

They also occur to a lesser extent on the lower Meghna 
estuarine floodplain and on the narrow ridges in the 
Ganges tidal floodplain. The browr-colorcd soils are 
loantoclay loam intexture. Someofthe soils lieabove 
nonnal flood level and others are :nainly flooded to 
shallow depth for a short period during the monsoon 
season. All pulses can be grown on these soils. 

Gray pietbnont soils 

These soils are developed from the alluvial outwash 
materials which accumulate at the feet of the northern 
and eastern hills. Seasonal flooding is mainly shallow 
but occasional flash floods from the hills occur. The 
soils are groy to pale brown in color when dry and 
become [educed in the monsoon season. These are 
miainly loamy in texture, sandy near tie hills and along 
stream channels. silty a Lndclaey 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 

Nonl'Iacareous a(lt'oU 

These son;s are slightly acidic to near neutral. TheirpH 
ranges from 5.9 in Shlaghatta soil series to 6.5 in 
Bonarpara and Kanuia series. Organic matter content 
of these soils isaround 1.0%. However, levels as low 
as 0.5717 are present in Sarikandi soil series. The 
calcium and magnesium content of these soils is satis
factory. Ca values range from 3.0 to 7.I meq I00 g ' of 
soil while Mg values range fron 1.41 to 1.73 meq 100 
g ' soil. The potassium status isvariable. Kvalues may 
be considered low, and a liberal dressing of potash is 
necessary to obtain optimum yields. Nitrogen is de
ficient inall soil series with Nh-Nvalues ranging from 
8.17 pg g ' soil. Phosphorus content is quite variable. 
Bonarpara and Sari ,kandi soil seriescontain phosphate 
values below critical level. Other soil series may be 
classed ;ismedium with respect to phosphate content. 

Among the micronutrients copper, iron, and man
ganese contents are satisfactory. Boron content is 
variable and ranges from trace to 0.41( pg gI 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 ue beneficial. 

These soils contain agood 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. Tile 
pH values of these soils range from 6.9 to 8.0. Organic 
mattercontent is variable, ranging from 1.12 to 2.50%. 
It is low in Darshana series and high in Ramgati series, 
Calcium and magnesium contents are high in almost all 
series except Ramgati where 3.7 meq I(X) g ' and 1.12 
meq 100 g ' soils are present. In other series Ca values 
vary between 17.6 and 22.8 meq I(K)g 'soils while Mg 
values vary between 3.97 to 5.56 meq I(K)g . 
Exchangeable potassium contents are satisfactory 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 fion 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 satisfactory in almost all series except 
Darshana which contains only 9 pg SO,-S g' soil. 
However, a basal dressing %%ouldbe beneficial. 

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

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

Noncalcarcousgrayfloodplainsoils (nonsaline 
phase) 

These soils usuall" have low to medium acid content 
with pH values ranging from 6.0 to 6.5. Except in two 
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. Magnesium is deficient in most of these. 
The values range from as low as 0.51 to 0.97 meq. Mg 
100 g1 soil. Exchangeable potassium is satisfactory 
in four of the five series. The Gangachari series has as 
jow as 0.15 meq K 100 g' soil. Nitrogen is critically 

deficient with NH -N values ranging from trace to 37 
p1g g1 soil. Among the five series Gangachari has 
available phosphate below critical level. In other series 
the status is satisfactory. Sulphur is deficient in most 
of these soil series. The values range from 12 to 28 pg 
SO4-S gl 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 better moisture storage capacity for 
crop production. 

Noncah'areous dark grayfloodplain soils 

The pH of these soils is slightly acidic to neutral. The 
pH ranges from 6.2 in the Naraibag series to 7.(1 the in 
Chandina series. Organic matter content is low. 
Chandina series has the lowest value of(0.5714. In other 
series the values range from 1.30'f in the Tippera 
series to 2.0% in the Buricheng series. These soils 
contain good amount of moisture (3417 ) at field capac
ity. Supplemental irrigotion isnecessary in the postrainy 
season. 

Calcium and magnesium contents of these soils are 
satisfactory with Ca values ranging from 2.9 meq I(H) 
g soil in the Tippera series to 11.3 meq I() g 'in the 
Ghatail seriesand Mg values from 0.95 meq I(X)g 'soil 
in Tippera to 3.60 meq I W0 g ' soil in Chandina series. 
Potassium status is fairly good and varies from 0.32 
meq I() g ' soil in the Tippera series to 0.54 meq IM0 
g' in Shilinondi 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 soi! series pho..,phate values are 
critically low. 

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

Calcareous dark grasfl.wdplain soils 

The topsoil is calcareous having pH values ranging 
from 7.2 to 8.1. Organic mattercontent is quite variable 
(0.95-2.(X)(/). 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 contents would be high. Val
ues as high as 24.9 meq Ca and 5.12 meq Mg 100 g-' 
soil occur in the Mehendigen series. The comparatively 
low value of 7.8 meq Ca I(X) gsoil in Ghior indicates 
that some decalcification might have taken place. 

Potassium contents are quite high. This is due to the 
presence of a large amount of potash-bearing minermls 
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 
Mehendiganj series to 27pg 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 satisfactory. Zinc deficiency is 
prevalent in all soil series because of their high pH
values. 

CahareoushrownfhIodplain soils 

These soils are calcareous having pH values ranging 
from 6.8 in Rupper series to 8.(0 in Darshana series. 
Organic matter contents are generally low. Ruppur
series has the lowest values (0.4t0% while Gangetic 
Alluvium contains the high-st amount of organic mat
ter (1.80% ).These soils have a higher field capacity 
(37-42%). Supplemental irrigation would ensure bet-
ter crop production in the postrainy season. 

Calciumandmagnesiumsuppliesarehighinalhmost 

all series except Mirpur and Ruppur. Comparatively 

lower contents of calcium in these series indicate that 

some decalcification has taken place. Except Mirpur 

and Ruppur, all other series have sufficient supplies of 
exchangeable potassium. Nitrogen is critically defi
cient in all the soil series. InMirpur and Ruppur series
only trace amounts are detectable. Phosphorus is 
generally low. Except Jhenaidah and Ruppur all other 
series have available P contents below critical level, 
Sulphur is highly deficient in all series of :hese 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 gg g Isoil 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, 

Gray piedmont soils 

These soils are acidic. The soil reaction is mildly to 
strongly acid. The pliranges from 5.4 to 6.0. Organic 
matter contents are generally low. Except Sitakundu 
and Pahartali all otherseries have organic niattercontent 
of around 1.5%. 

Calcium and magnesium contents are adequate. 
Calcium contents range from 4.6 to 7.1 meq I () g soil 
while magnesium contents range from 2.00 to 3.67 
meq 100 g ' soil. Nitrogen contents are below the 
critical level in all soil series. Phosphorus deficiency is 
common in almost all series. Other than Sitakunda and 
Roozan series, all the soil series have available phos
phatc values much below critical level. Sulphur sup
plies are medium. Only Sitakundu and Miresharai soil 
series have available sulphate below critical level. 

Among inicronutrients boron content is quite 
variable. It ranges from trace amounts in Sitakundu to 
0.66 pg g' soil in No;ipara series. Copper, iron and 
manganese supplies are adequate. Zinc content isalso 
adequate except in Barkal Mier, it is much below 
critical level. These soils have 31-35% mean soil
moisture content at field capacity. 

Nutrient Requirements 

Nutrient requirements ,fdifferent pulse crops depend
 
on initial fertility s'atus 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 (n current information isfurnished
 
below.
 

This crop can meet its nitrogen requirement by symbi
otic fixation of atmospheric nitrogei. Since Bangladedil 
soilsare critically deficient innitrogen, abasal appliza
tion of 20 -30 kg N ha ihas beei, found to increase the 
seed yield of chickpea (BARC 1981 to 1984). 

Response of chickpea to phosphate fertilization is 
high (Table I ). Khanom and Islam (1984) obtained 
yield increases (314 ) by application of 30 kg P,O, 
ha'. A further increase of about 15% was reported by 
the additional application of 30 kg P.0,ha'. Islam et 
al. (1985) observed the beneficial effect of potash 
fertilization on grain yield of chickpe'i in calcareous 
brown floodplain soils. The sulphur progressively in
creased the pod and straw yields of chickpea (Table 2) 
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Table 1. Response ofchickpea to phosphate fertilization at Jessore, Jamalpur, and Faridpur, Bangladesh, 1981-84. 

Jessore 

PG0 
P20, 

(kg ha') 1980/81 1981/82 

0 0.57 0.62 
30 0.68 0.66 
60 0.89 0.99 
90 0.90 

C.D. (0.05) 0.06 0.07 

with increasing rates approaching 25kg Sha'(Talukder 
et al. 1984). 

In the case of micronutrients, responses to boron 
and zinc were observed in noncalcareous gray flood-
plain and calcareous brown floodplain soils. Boron 
addition helped in fomfing 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 t ha' 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) 

Yield (t ha') 

Jamalpur Fraidptur 

1982/83 1983/84 1983/84 

'.37 
1.78 
1.96 
1.91 

0.82 
1.04 
1.20 
1.64 

1.03 
1.39 
1.66 
1.75 

0.31 0.13 0.20 

observed that application of phosphaie (up to 60 kg 
P0 ha') increased the grain yield of lentil in the gray 

floodplain soil of Jamalpur (Table 3). Phosphate 
feriiization had no effect on per cent N and Pcontent. 
In calcareous brown floodplain soils. Islam et ai (1985) 
obtained beneficial effects of 90 kg KO ha 'along with 
N30 P60 in increasing the grain yield. In other trials in 
gray floodplain and calcareous brown floodplain soils 
phosphate and potash application significantly increased 
grain yields at both locations. Sulphur and zinc appli
cation had little effect. In another missing nutrient trial 
conducted in calcareous brown floodplain soils of 
Rajshahi the significant combined influence of 

N.P,K.SZn, 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 (tha" ) Yield 0 ha" ) 

ZincSulphur 
(kg hal) Seed Straw (kg ha" ) Seed Straw 

2.430 0.18 2.42 0 0.81 
5 1.02 3.2025 1.07 3.15 

50 0.88 2.64 10 0.93 2.78 

0.06 0.35C.D. (0.01) 0.06 0.35 
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Table 3. Seed and stalk yield and nutrient uptake by lentil at different levels of phophate fertilization at Jamalpur, 

Bangladesh, 1981/82. 

P2O, Seed yield N content N-uptake P-content P-uptake 
(kg ha') (tha') (%) (kg ha ') (%) (kg ha') 

0 0.68 3.97 27.0 0.53 3.6 
30 0.86 4.34 37.3 0.60 5.2 
60 0.93 4.36 40.7 0.67 6.3 
90 0.73 4.08 29.4 0.59 4.3 

C.D. (0.05) 0.09 NS - NS 

Mung hean and bluaIk(gra Table 4. The response of mung bean and black gram to 

sulphur ferilization at Joydebpur, Bangladesh. 1983/84.
Inormiation on nutrient requirement of mung bean and 

black gram under Bangladesh soil conditions is inca- Mung bean Black gram 

gre. Islam et al. ( 19X6) found that 20 kg S ha Sulphur Seed yield Sulphur Seed yield 

significantly influenced the grain yield of mung btan. (kg ha tha') ikg hal it ha ') 
and 30 kg S hit', that of black gran (lahlc 4) In 

another trial elal.( 19,4 olserved that vre.ti 0 t O 0 0.90Ahmed 
15 1.04and straw ields of mneitg bean increased ,inilficanl. 20 1.29 

with increasing addition ot phosphoru, up to 61) kL 41 1.06 30 .t) 

P.O, ha '(Table 5). Application of ,,utphur up to 40 kg (1.79 

ha ' progressively increased yield and protein content C.D. (0.05) 0.15 0.07 

of inung bean. There is little information a,ailable on 

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

Protein content t'%) 

P, , Seed yield Straw yield 

(kg ha') tha') t ha' Seed Straw 

0 0.54 0.91 21.1 4.27 

30 0.55 0.99 22.1 4.93 
60 0.57 1.09 24.1 5.31 
90 0.56 1.04 24.9 5.75 

C.D. (0.01) 0.070 0.06 0.90 0.28 

S (kg ha') 

0 0.54 0.32 21.1 4.53 

20 0.55 1.(X) 23.1 4.89 

40 0.58 l.l I 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 Discussion 
Bangladesh conditions. 

M.S. Hoque: All soils may not contain effective rhizo
bia in sufficient numbers for adequate nitrogen fixation 

Fertilizer Recommendations to meet the requirement of a pulse crop. Added 
nitrogen will increase crop growth and yield in soils 

On the basis of available information Islam and Amin where suitable rhizobia are absent or sparse. But if
 

(1988) suggested fertilizer doses for various pulse inoculation is used added urea-N may not be needed.
 

crops in Bangladesh (Table 6). Soil fertility and yield
 
goals were the main criteria in formulating such rec- M.S. Islam: Yes. I fully agree.
 
ommendations. 

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

M.S. Islam: It is very difficult to give the percentage 
of each general soil type. Alluvial soils comprise about 

8(0%. hill soils 12,1/and terrace soils 81/(. About 50C4Table 6.Recommended doses of nutrients for obtaining 
of alluvial soils are suitable for growing pulses.

given yield levels ror various pulse crops. 

M.R. Ali: In one of your slides, in the Gangachari 
Kg ha' series the plants grow n in optinmum soil also show 

deficiency yptmlieta fM,,.h? 
p like that of Mi!. vdny.

N P,() K,0 S ZnFertility status 

Low 10- 15-: 30-40 25.30 8-10 3 M.S. Islam: Mg deficiency was not observed in the 

0-7 0 predicted optimnum treatment.Medium 5-10 25-3(0 20 

High 0 15-20 (-15 0 0
 

S.K. Roy: Were the tertilizer doses calculated under 

Yield levc sIt ha '):chickpea and lentil I.-1.5: mung bean and irrigated or notirrigated conditions*.'
 
black gram. G6-O.; khean: 0).9- .1
 

2. Lower ranges are usually for khesan M.S. Islam: Fertilizer doses have been calculated on 

the basis of yield goal and initial soil fertility. We 

recommend supplemental irrigation (wherever pos
sible) if the winter rainfall is not enough. 

Con'lusion and Future Research Needs D.G. Faris: You have given many results and have 
indicated the need for further studies. However. ( I ) Do 

Due to competition with cereal crops, pulses are being you feel you have enough information for providing 

pushed to marginal lands where nutrient limitations are appropriate fertilizer and cropping packages for farm

severe. As a result pulses area and productivity are ers? (2) If so, do you have these packages already put 

decreasing. Poor nodulation and pod setting in many together and given to the Extension Service for trial by 

soils are associated with nutrients that are not corn- farmers? (3) t)o you have a feedback mechanism from 

mooly used by the farmers. Furthermore, new prob- the fanner as to the eflectiseness of the packages and 

lems are appearing in rnan) pulse-growing areas. need for adjustment oflpackages ' 

Limited research conducted in the country has indicated 
that it is possible to increase yields of pulses substan- M.S. Islam: (I For the Ishurdi area (calcareous brown 

tially through proper soil-ferlility and water-manage- floodplain soils) we have information for two cropping 

ment practices. Therefore, research on nutrient and patterns for the farmers. (2) We think we can give 

water requirement of pulses under varied soil condi- fertilizer infomation for the patterns we have tested, to 

tions of Bangladesh should be undertaken on a priority extension service for trial by the farmers. (3) We have 

basis. 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 nutrients on 
the crop yield. Did you repeat the above experimentsfor 2-3 years and get the same results ? 

M.S.Islam: Yes. We repeated the field trials at least
for two years. Sometimes we noted variations between 
2years' 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 byyou seems to be lower compared to yields obtained in 
ocr experiments without the application of micronu-
trients. Can you kindly explain? 

M.S. Islam: Thecultivars we have used were chickpeacultivarSabur4: lentil cultivar L 5: black gram cultivar 
Baromashi: and mung bean cultivar Mubarik. Yields 
obtained with different fertilizer treatments have been 
reported. The other yield function was naintained 
constant for fertilizer treatment. It is very difficult tounderstand how you obtained higher yields without 
application of any fertilizer since Bangladesh soils are
generally deficient in 3 to 5 nutrient elements, 

C.L.L. Gowda: In your fertilizer recommendation,
swhy have you kept ayield target of 1.5 t ha when the' 

potential is 3.5 tha '? 

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 acostly input, your trial
should be accompanied by apartial 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 Sare 0.2, 2,
and 14 lag g-' soil. Fertilizer, suggestions for different 

pulses have been given in my paper. 


H. Rahman: Soil is adynamic system changing its 
nutrient status with time. Once a fertilizer recommen-
dation of apulse crop is made, how long may it remain 
valid'? Would you kindly give your opinion? 

M.S. Islam: Fertilizer recommendations need updat
ing every 2or 3years. 

A.R.M. Sayedur Rahman: We know that the addi
tion of N increases yield or that yield increase dependson 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 kgN ha' as abasal or starter dose since Bangladesh soils 
are critically deficient in N. I think this small amount 
cannot encourage vigorous vegetative growth. 

0. 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-
Iigical. Soil-fertility investigations need to be made in
detail. Then it would be possible to give a proper 
explanation. 

M.A. Wahhab: 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
tons due to addition ofhigh amounts ofCu. Zn, B,and 
Mo. 

R.N. Mallick: Your results indicate substantial in
crease of grain yield by the use of different nutrient
 
elements. The fertilizerdoses have been recommended
 
but farmers seldom use any fertilizer on pulse crops.
Do you recommend extension result demonstrations
 
on a large scale to create awareness 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 ofBARI that our chickpea experiments suffered badly
from sterility. But a patch of the experimental area 
showed good podding. The scientists found that in the 
area where they applied Zn in the previous crop,intensivepoddingoccurred. IsZn or boron responsible 
for the sterility problem in chickpea? 
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M.S. Islam: Boron deficiency is mainly responsible 
for causing sterility in grain crops. I think it is boron 
which caused sterility in the Thakurgaon chickpea 
plot. 

References 

Ahmed. I.U.. Rahman. S., Islam, M.S.,and Sultana, 
Z. 1984. Effect of phosphorus and sulphurapplication 
onl the g"Isth vield and P., S and protein content 0' 

itinghean. Bangladesh Journal if Soil ScienCes 2(:2'-
30. 

BARC (Bangladesh Agricultural Research ('oun-
cil). ('oordinated soil test crop response corre1981. 
lation stldics. Annual report I98(/Sl. )acca. 
BalgladCsh: HARC'. 

BAR" ilangladesh Agricultural Research Coun
cil). 1982. Coordinate I soil test crop response corre
lation stUdies. Anni 11report 19X 1/82. Dhaka. 
Ban tladesl: B.ARC. 

BAR(" (Bangladesh Agricultural Research Coun
cil . 1983. Coordinated soil test ciop ic ,potne corre
lation stuldies. Annual rcport 1)X2/X3. )halka. 
Banglades h: BAR(. 

BARU (Bangladesh Agricultural Research Coun
cil).1984. CoLrdinatcd idl crop response corret lest 
lation studies. Aniual report 1983/X4. )haka. 
Bangladesh: BARC. 

BS iBangladesh Bureau of Stalisticsi. 1987. Year 
tHook of Agricultural Staistic, oflBangladesh for 1985-
So. Dhaka. Bangladesh: BBS. 

Islam, Xl .S.,,Alamash, S., Sarker, N.I., and tiossain, 
K..M. 1985. irepols,,s greenhouse andIPtotassiurn ill 
field studies illBangladesh. Pages 7(-89 in Proceed
iegs of the In'niational S.mposiutn tin Potassiunt in 
Agricultural Soils. l)haka. Bangladesh: Bangladesh 
Agricultural Research Council. 

Islam, M.S., and Amin, S.1988. Fertilizer use guide. 
(InBengali.) lhaka. Bangladei: Sajp Printing Press. 

Islam, M.S., Hossain, K.M., Sarkar, N.i., Altamash, 
S., and .SarkarJ.U. 1986. Experimental methodology 
and responses ofprincipal crops toilslphur fcrtilization 
in Bangladesh. Pages 184-211 in Proceedings of the 
International Symposiuni on Sulphur in Agricultural 
Soils, 20-22 Apr 1986. Dhaka. Bangladesh (Portch. S., 
and Hussain. S.G.. eds.. Dhaka, Bangladesh: 
Bangladesh Agricultural Research Council. 

Khanom, D., and Islam, M.S. l9SJ.Effect of phos
phorus on the growth and yield of lentil (Lensesculenta) 
grown in the grey floodplain soils of Jamalpur. 
Bangladesh Journal of Soil Science 19:39-42. 

Khanom, )., and Islam, M.S. 1984. Performance of 

grain under different levels of phosphate fertilization 
in grey tloodplain oils of Jamalpur. Bangladesh Jour
nal of Soil Science 20:117-121. 
Talukder. K.H., Islam, NI.S.. Sarker, N.I., and 
Majumder, ().Z. 1984. The yield response of chickpea 
itsulphur and /inc fertilizaion in calcareous brown 
floodplain soilof Jessore. Bangladesh Journal of Soil 

Science 20:31-36. 

59 



Fertilizer Management on Pulses-Based Cropping Patterns
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tilizers were applied at the time of final land p,'epara-
lion. The experiments were sown on 9March 1988 and 
6 April 1988 and the area of 20 m2 was harvested at
maturity on 27 March 1988 for pattern I and 9 June 
1988 forpattern 2. Biomass yield and grain yield wererecorded along with other necessary data. 

Results and Discussion 

The effect of fertilizers on the yield of inung bean is 
presented in Table I. The highest yields recorded were
1.43 t ha ' in pattern I aind 0.87 t ha ' i pattern 2. The 
yield of"mung bean %%as low. It 5 years' yield data 
highest vield of' 1.84 t ha ' %\\asrecorded it pattern I tit 
1984/85 and 1.80 t ha' in pattern 2 it tie sairre year. 
Biomass yields of these I,o cropping pattens vererecorded ill1986/87 and 1987/88. A large a uniorrtif 


Table 1.Mung bean yield It ha' ) with different doses of
fertilizers in two different cropping patterns, RARS, 
Ishurdi, Bangladesh, 1987/88. 

Pattern - I Patient - 2 
(Wheat - mung (Mustard - mung
bean - t.aman) bean -t.,,i,, 

Treatment Treatmenit 
N-P-K YieldTrteha' N-tP VrldIthaN-P-K Yield (Iha 1) N-P Yield (Iha') 
0-0-0 1.83 0-0 0.63 
15-0-0 1.30 15-30 0.7315-30-0 1.36 15-30 0.70
15-30-0 1.43 15-31 0.68 

15-609 1.40 
 15-30 0.7(1
15-60-0 I. 1 15-60 0.87 

15-60-15 1.41 15-( 0.53 

15-60-15 1.33 15-0 0.6815-0-15 1.20 15-0 0 68 
15-0-30 1.30 15-0 0.70 
15-60-30 1.38 
0-25-0 1.33 

F.Test * NS: 

C.D. (0.01) 0.42 

C.V.(%) 7.1 
 21 

I. Significam atrte .0tlevel.2.NS =Non-significant. 
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biomass was added to the soil. In pattern I up to 14.3
I
t ha' of bionass was added to the soil in 1986/87 and 

12.7t ha 'in 1987/88. Incropping pattern 2 the addition
of biomass was up to 7.2 t ha' in 1986/87 and 5.1 t 
ha ' in 1987/88. 

Economic studies of these two cropping patlenls 
\ere perfornied for the last 3 years. For this, we 
considered only the prices of the fertilizers, all otherfactors heing constant. An economic study of these 
cropping patterns indicated that inpattern I ahigh costbenefit ratio of 1:9.34 \\as achicved. Inlcropping 
pattern 2 tile ratio was 1:0.35. 

Beside these experimients. tire On-Farmi Research 
l Division has carried out a large number of cropping

pattern experiment, atIdifferent Fantinrg Systems Re
search(FSR Sies.The resthsof'hecropping patens
 

)rver a 3-year period indicatcd significant differences ar ong trcalnents. The returns froi these paltentl are 
very ercoura gingand ftarine rsare accel'iIIlg tlie pallells.
AIthough tie ptlltfern under con ideraiont arc becotinitigpopular among tire farters srillthere is a possibilitN 
that ithe.may change their decision. ()nce irrigaliothecotiesii aailable. farmers usuall ,%ill gro%%rice for
tir o% it faitils use. I l(peltill the success in tiese 
th e ir %% se e , , hil th 


patterts s.ill rev'erse tis trendt. 

Discussion 

S.K. Rips: Do you suggest fertilizer application toindividia l crops within a patten or to the pattent as a 
whole? If yes. %vhy? 

A.F.M. Rahman: Yes. The ferlilier needs of differ
cnt crops vary. But a,trillig bean hias been introduced 
hetr,cet two crops tliieaddito f fertili/er in the next 
cropwill defiiieie less. 

.( . Isla rn: W e ndid ro plan ini bea nit your 

proposed cropping pat ern.' Is it possible ti grow or fit
 
this crop nl
t t i raditional cropping pattern econoilli
call.', 

A.F.M. Rahman: The itung heart was sown in thelater part of March. Yes, I have tested the crop for the
 
last 6 years and successfully filled it ill
the pattern. 
think you have marked tie econotiric study iii the paperand that is profitable. 

M.S. Hoque: The inclusion of a legume like niungbean in acropping pattern may show more spectacular 
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benefit over a longer period of time and not within 2
3years. 

A.F.M. Rahman: I do agree v iih you. I have studied 
the patterns for the last 5years and it is still continuing. 
The result isselfexplanatory. Ithink getting something 
from nothing is even more encouraging. 
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Abstract 

Piulses occlpv a position of pride in Bangladesh atgriculture for various reasons. However, due to 

mreplacedby rice or whea crops, especially in irrigatedcontinedem/phasis oil Icrtcls. these are heing 
ain wl ,y to autgniet ptsesproduction, though opportunitiesareas. Increasingvield perhu "lart/I'i. I 

tU' t'll. /.''.5 inI litlrrlntfihlollii ('Oist. F. flt'ri/flntsf llnd/telltd bhi fti-Sfati and on-fitrn suggest ftat 

th'se t'/L "pcu/hl be fitted into ti%i tin c,rppii.ng panttt/s ini nontraditioalareasand in times oftheyear 

when tu ll\ ' not Fstci/Ilrth. ( sIlL~rcu proe'r. icd rates in the existing ittercr'rot)ingpracis('s (an 

boost *'ields. l't/se.%could hI' grotrcci m(.slisil)y a.s mi.ted crops wvith wheat. This paper discusses the 

research/.' r'silso fl rial.s on interA r pping with/pulses and oil pu.se-based croppingsystemis conducted 

dulring I'M/ -S in Bangladesth. SitlQic.'ton.slijcrfitre areas /'conc'rnnave beeni made. 

Introduction 

The major reasons for reduction in area and production 
of pulses are replacement of these crops by cereals. and 

stagnant and poor yields. Farmers produce more 

cereals, especially rice, to ninimize the risk ofhousthold 

food shortage. Wheat is cultivated by expanding 

irrigation facilities and under rainfed conditions. 
Moreover. boro winter) rice under irrigation has re-

placed pulse crops. Lentil (Lcns culinarisMedic.). and 

chickpea (Cictr arictinui L.), have also been replaced 
mostly by wheat and to acertain extent by /oro rice. 

Poor productivity of pulses has also made them less 

attractive than other crops. 
At aminimum per capita consumption rate of 15 g 

day c the total requirement of pulses in 1989/90 was 

estimated to be around 6(K)0(X0 t for apopulation of 1(1 
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 

A critical analysis ofthe problem identifiesthe following 

constraints to increased yield and production of pulses 

in Bangladesh. 

I. Cultivars 
2. Seed 
3. Weat'ier 
4. Agronomy 

a. Delayed sowing time 
b. Low seed rate 
c. Inadequate land preparation 
d. Inadequate interculture 
e. Inadequate irrigation 

5. Crop nutrition 
6. Plant protection 
7. Consumer preference 

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 

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

in Bangladesh: proceedin3s of the Second
Citation: BARI (Bangladesh Agricultural Research Institute). 1991. Advances in Pulses Research 

National Workshop on Pulses. 6-8 Jun 1989. Joydehpur. Bangladesh. Patancheru. A.P. 502 324, India: International Crops Research Institute for 

the Semi-Arid Tropics. 
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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 to
increased production. The strategies described here 
may be utilizedIto increase the production ol pulses.

The present-day national prodtnctiVity of pulses is 
around 600 kg ha '. It can easily be increased, possibly
doubled, provided proper management practices are
followed by tile fanners. Some oif the available tech-
nologies are described below,. 

Introduction of Improved Cultivars 

Cultivars play a key role in increasing yield as responses
to management practices are mainly decided by thegenetic potential. Recent advances are: 

" Mung bean (I i'na ratatai.. ) Wilczek): tilI-
tivar Muharik released in 1982. Yields about 
(.8 - 1.01 iha '. 
CuItivar Kanti released in I,987. Adapted to 
September si mig. %Mlature.s vkithi 60-65 
days. Synchronos In p dhing. Me an yield i, 

about 1.0 - 1.2 t ha.
 
" Chickpea cultivar Nabin: 
 released in 1987.Flowcrs and riatures about 15 days earlier than 

tie local check. sed si/c a, ot 25'; larger thanthe !ocal check (cultivar Sabur 4- arid yield is 
30-:357%more rhai local varielic,, iirder farm-
ers managemen conditions. 

* Black grain ('igna mitno (l..I Ilepperi Ific 
MAK I awaiting release (Rahirian 1990).
Maintains more lessor stable yield across 

locations. Produces 20-30% higher yield than 
local check varieties. Mean yield is around 1.0 
t ha'. Suitable for rainy-season sowing.

Besides these, the Bangladesh Institute of Nuclear 
Agriculture (BINA) has developed a black gram mu
taot 'NM25' and a iring bean strain 'MB 55'. M 25
otnulrielded (1.25 t ha '1 the local variety at the Boda 
Multilocation Trials (M LT) site in the postrainy sea
son. 1%7/88. The mutant also provCl to be more
tolerant to yellow mosaic virus (YMV). Mung bean 
strain MB 55 produced about I t ha ' but infestation at 
the later vegetative stage was more than the check 
cultivars. 

Fertilization 

Though the fertilizer requirernents o0pulses are not as 
high as 'hat of cereals, they certainly respond to small 
doses of nitrogen, phosphorus, and potassium. Islam
(199)) reconmended.l fertilizer doses for pulse crops
after a series of expen merits conducted by tie Soil
 
Science Division ofBangladesh Agricultural Research
 
Inslitutc iBAR1) in different parts of the countr'.
 

Inoculation with Rhizobium sp Culture 

Khanam and ftossain ( I i88)reported that different 
strains of the Rhi:ohjum sp culture significantly in
creased the yield of chickpea. The grain yieldofchickpea 
may he increased by as much as 5817( if seeds are 
inoculated (Table I ).Khanarnand Hossain 0 988) 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 Gangesfloodplain soils, Bangladesh, 1987. 

Chickpea 
cutivars 

Sabur 4 (N)' 
Sabur 4 (1) 
Nabin (SI) (N) 
Nabin (SI) (1) 
JG 74 (N) 

JG 74 (1) 

E2 (N) 

E2 (1) 


1.N = Noninocutted; I - Inoculated. 

Nod.mass Byproduct mass Grain yield Increase ingrain(kg ha') (t ha ') (t ha') yield (%) 

16.8 1.55 1.64 031.8 1.30 1.79 9.215.9 1.75 1.66 030.9 1.77 1.69 1.811.5 1.51 1.50 042.9 1.64 1.70 13.222.8 1.29 1.02 033.4 1.76 1.43 57.9 
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were fertilized with properdoses ofnitrogen, phosphate vation of pulse crops in current fallows incorporating 
and potash along with application of inoculutn (Table these in the existing cropping systems may open up 
2). new possibilities for area expansion. Researchers 

Though efficient strains ofRhi:ohiimt sp have been started finding out the exact possibilities through the 
identified, the production of culture has not been till- on-ffann farnning svstenis research. 
dertaken on a large scale. 

Dales of Sowing 

Studies by the Agronomy )ivision, BARI (BARI 
982a) revealed that aiong the five ung bean stains 

tested, BM 770i produced the highest grain yield (1.61 
tha ')followed by BIM 7714(l.571 ha ',when soMI1 or 
15 April at the BARI Farm. Joydebpur. 

Studies at Jessore, Isht:rdi, and Josdebpur by the 
Agronomy l)ivision of BARI (BAR I11i85 showed 
that optimal tine of sowing chickpea would Ibnuddle 
of Nov but it can he sown till iniddle of l)cc %%wil higher 
Seed rates. Seeding of leti ltill 25 No% had nifilai 
effect onl "d and other characters. Btil5 )ec sowing 
"lto"ed so.,ie decline in vield and ield-coniribuling 

cliaracitrs,. 

Karii ci al. H 988) reported thai yield and vield 
Comniponent s of' tile ili line Kng beain ",NI 72' '%%ere 
influenced by litle of sowing. I igher grain yield was 
obtained fromt(lie crop sown il15 March. 

Additional Area Approach 
It1,Jl'htiol lped.s itnie's., 'Ias 


When irrigation facilitics expanded, the area under 
pulses cultivation was reduced and itsearch for new 
places for the cultivation of putlse crops began. Culti-

Training in application of new cropping patterns on 
fanners' fields by BARI, Bangladesh Jute Research 
Institute, (BJRI), and Bangladesh Agricultural Univer
sity (BALI) during 1980/81 has also shown good 
prospects for incorporating pulses in the traditional 
cropping patterns. A review of the National Coordi
natetd Cropping Systems Research Project in 
Bangladesh IBARC 1985) identified the following 
pulse-based cropping pattens itsbiologically feasible 
and economically vi able. 
Agroecol-,gical 
one (AEZi 

I ligh Ganges flood
plainIF 

IHighland FI 

Brahniapulira Ilood
plainiF 

Mediuin highland FI 

F 

F I 


Recommended cropping 
pattern 

Rice(b.aus -fallow-nustard 

Maize - nung bean - nluistand 

Rice lausI - rice (t.aian-
Kth sari 
(LiathYrus sativus L) 
Rice ('D. S. AusI-rice 
(t.amalt leniil 
Jute -t anian rice -khesari 
. tJute -1. an rice euhtivar 

'BR-4' khesari. 

Multilbat ional testing of the following cropping 

patierns that were found to be biologically stable and 
ecoLnoiically viable ;itdifferent Farming Systems 
Research (FSR)sites was started by tileOn Farn 
Research Division (OFRD , BARI in different 

Table 2. Lentil grain, byproduct, and nodule mass as affected by Rhizobium inoculation and chemical fertilizer, old 
Brahmapuira floodplain soil, Bangladesh. 

Input 

No fertilizer 
N1 
PK: 

NPK 
Contro + Inoculum 
PK + Inoculum 

t. N = nitrogen; 
2.P= phosphorus. K =potassium. 

1987. 

Increase in 
Nod.mass Byproduct mass Grain yield grain yield 
(kg ha I (t ha ') (t ha 1) (%) 

1.9 0.84 0.79 0 
1.4 0.97 0.93 18.3 
1.3 0.94 0.91 16.0 
1.5 0.89 0.92 16.8 
2.2 1.04 0.94 19.1 
2.4 1.07 1.06 35.1 
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agroecological 	zones from the postrainy season of The results of agroccononic studies at the FSR 
1988/89. 	 sites are presented in Tables 3, 4. and 5. 
AEZ Cropping Moisture The cropping intensity in the tarindarea is low. 

Pattern Pattern Farmers grow single I. an crop in most areas (82'/,( ). 
High Ganges Maize-mung Rainfed Rahlman and Kar ( 1988) reported that mung b.an can 

Floodplain bean highland be grown in larindwith yield artound 451 kg ha ' after 
Tista Flood- Jute-mung be in- Partially irrigated t.amatt rice (c%' I I I '). In 3 out of5 years. chickpea 

plain tobacco hilland in the green manure ((;N)-I.aman-chickpea cnipping 
Aus (rainfed Rai',.ed, ruediurn pattern produced very, good yields, and an acceptable 

rice- t.amn to rediun-high yield in one year. The crop cou(Id ot be establishedin 
(rainy season) lowland one year due to depletion of soil moisture at sowing 
rice/khesari Lime. 

Table 3. Summary of agro tcoiomic performance of maize + mung bean-t.aman-wheat pattern on Gopalpur soil series 

under partially irrigated, medium highland at Kalikapur site, Bangladesh, 1986-88. 

i B -I.wnw 	 ,s F llie+irlUrig.bean-t.(wnwi. whWeat[.aii.i ll- hear 	 rAr: 

Variable Patter 19h.i/86 I1986/87 1987/88 Mean 1985/86 1986/87 1987/88 Mean 

Variety 	 Cl' Kalabakri Kalabakri - Sadat+Mubark Sadaf+Mubank 
C2 OR It BR II - BR II BR II 
C3 Sonalika Sonatika Karhan Kanchtri Kanchan Kanchan 

Field 
duration CI 1IN 105 106 - 920NI) 96M) 94(M) 
(days) C2 126 118 122 - 125 121 122 

C3 103 103 105 1H4 113 113 108 I1 

Yield 
(t ha ') CI 1.47 1.16 1.31 5.41+0.318 3.25+0.186 4.33+0.25 

C2 - 3.99 3.29 3.64 - 4.50 4.16 4.33 
C3 1.83 2.20 1.03 1.68 2.51 2.40 1.42 2.1 I 

Gross benefit CI - 11(03 7 096 9 049 29276 25433 27354 
(Tk na') C2 23 I54 19084 212 119 26726 24316 25521 

C3 9555 1 ,50 5962 8989 13367 12452 8216 11345 

Total variable CI - 3418 3525 3471 - 5542 5212 5377 
cost C2 - 8015 7595 7805 8510) 9514 9012 
(Tk ha') C3 5 140 5372 5382 5298 6979 7031 6076 6695 

Gross margin 	 CI - 7585 3571 5578 - 23734 20221 2 190 
C2 15339 11 489 13414 - 18216 14802 16509 
C3 4415 6078 580 3689 6388 5421 2 140 4649 

Cost-benefit Cl - 3.22 2.01 2.61 - 5.28 4.88 5.08 
ratio (Tk ') C2 2.91 2.54 2.72 - 3.14 2.56 2.85 

C3 2.13 1.11 1.70 1.92 1.77 1.35 1.68 

1. F = Existing cropping pattern; 
2. FA = Altemaiive cropping pattern; 
3. CI-C3=Crops. 
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Table 4. Economic peiformance of farmers'alternative cropping pattern' (FA) as compared to farmers' existing 
cropping pztterns (F1 and F2) under Pirgacha-Posashbarl highland soil at FSR, Janokinathpur, Rangpur, 
Bangladesh, 1987/88. 

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

Yield increase 
(%) 

I(F!) I(F2) - 33 - -

Gross benefit 15597 5640 44225 65462 14 109 33 150 47 150 15 178 18846 34024 
(t ha') 

Total variable 7 184 3009 10526 20719 7829 10623 18452 7923 17306 25229 
cost (t ha') 

Gross margin 8413 2631 33699 44743 6280 22525 28807 7255 1540 8795 
(t ha') 

Cost-benefit 2.17 1.87 4.20 3.16 1.80 3.12 2.56 1.92 1.09 1.35 
ratio 

I. FA = jute-mung bean.tobacco; F I = jute.fallow-tobacco: F2 = jute-fallow-potato. 

The on-farn rcscarch division of BARI in collabo- Mixed cropping o0'pulses and other 'rops 

ration with the Department of Agricultural Extension 
has also undertaken pilot production programs o die Karim, et al. (1988) reported from a 2-year field trial 

following pulse-ba!;cd cropping patterns incc they conducted at BARI, Joydebpur during 1986/87 that 

were found to be better at FSR and MuitilocationTrials mustard when grown with lentil in dilferent planting 

(MLT) sites. geometry (strip cropping, intercropping, and mixed 

AEZ Cropping pattern Condition cropping) produced the highest yield of 1.24 tha 'from 

Low Ganges B.aus-lentil+mustard Rainfed the sole treatment. From the same experiment 784 kg 

Floodplain highland ha' of lentil was obtained from sole treatment. The 

Brahmaputra Maize-mung bean- Rainfed combination 100% lentil broadcasted between mus

floodplain mustard highland tard rows 60 cm apart gave highest land equivalent 

Tista Flood- Mung bean-t.aman- Rainfed, ratio(LER) (1.31)net return (1k.10358 ha ), andcost

plain wheat medium benefit ratio (3.12). They also reported from 2years' 
highland results that lentil grown between widely spaced rows of 

mustard (I8 cm) gave higher lentil/mustard LER and 

Introduction of lentil in mixed cropping in crop- net return than that of monoculture of either lentil or 

ping pattern I yielded about 700 kg ha lentil: yield of mstard or other forns of mixed cropping. 

sole mung bean wais about 8(0 kg ha ' in the other From studies in Jessore (OFRD 1988) it was found 
that an LER higher than 1.0 could be obtained ifpatterns. 

Results show that with proper adjustment of other mustard is mixed with lentil or chickpea. The highest 

cropcultivars, sowingdate,andseedingtechnique.itis yield and LER were observed when mustard and 

possible to incorporate pulses in patterns and areas chickpea were mixed cropped in a50-50% seed rate (6 

where these are not traditionally grown. Studies in the kg ha' mustard. 20 kg ha' chickpea). The seed rates of 
the sole crops were 12 kg ha' for mustid and .40kgTista floodplain also showed that the mung bean 

t.aman - wheat pattern could be best fitted in a2-year ha' for chickpea and lentil. 

rotatinn with another cropping pattern ofjute-t.arnan- A trial on the seeding ratio of mixed cropping of 

wheat. lentil with mustard, lentil with linsecd, chickpea with 
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Table 5. Economic performance of the farmers' altern,.tive pattern (FA:B.aus-t.anmn(MV) t khesarl as compared tofarmers' existing patterns under Bonapara - lia5dpur medium-highland rainfed soil at FSR Site, Janoklnathpur
Rangpur, Bangladesh, 1986/87. 

Farme:'s' alternative 
pattern (FA) Mean 

t.anian Relayed
Information Aus (MV) khesarl 

Value of 11 385 21430 4109 36 924 
main product 
(1k ha1) 

Value of by 1431 3025 426 4882 
product (Th ha') 

Crossreturn 12816 24455 4535 41806 
(T'k ha') 

Material cost 2446 2468 400 5314 
(Tk ha') 

Animal power 1704 1704 3462 
cost (Tkha') 

Total variable 7513 7310 1120 15943 
cost (Tk ha') 

Gross margin 5303 17 145 3415 25863 
(Tk ha') 

I. Modem vancty. 

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 
season, 198889. The seeding ratios were I10):51). 
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 at all the seeding ratios were higher (Tk. 9086 
toTk.13273 ha ')than that of their sole crop. A seeding
ratioof75:25producedthehighestLERofl.77followed 
by the seeding ratio 100:25(1.64),80:40(I.52), 100:50 
(1.48), and 75:50 (1.43). With the increase inthe 

Farmers' pattern (') Farmers' pattern 

t.aman t.aman 
Jute (MV) Fallow Total Fallow (MV) Fallow Total 

7C0 16 185 23 185 16620 16620 

3786 2241 2402 2402 2402 

10786 18426 29212 19022 19022 

8395 1165 2560 1168 1168 

2394 1980 4374 1836 1836 

9984 6433 16417 6256 6256 

802 11993 12795 12766 12766 

mustard population the yield of lentil was suppressed 
and thereby the seed yield was also suppressed. 

Chickpea + mustard. The yield of chickpea was 
lower underall the mixed-crop:,eatmentsthan asa sole 
crop. Chickpeayildof572kgha' 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 kg ha ') was obtained from 100:50 
seeding ratio followed by I(XJ:25(Tk.6300kg ha '). and 
75:25 (Tk. 6105 kg ha ').The highest monetary ad-
vantage(Tk.2461 kgha wasobtainedfromthe 100:50 
seeding -atio. 

Lentil + iinseed. The gross return in all the seeding 
ratios were higher (Tk. 54(X)toTk. 7100 ha ') than that 
of theirsolecrops. The 100:50 seeding ratio produced
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the highest LER (1.59) and gros return (Tk. 7160 
ha'), and monetary advantage was highest (Tk. 2657 
ha '). Lentil yield did not change proportionately with 
change in population of linseed. 

gross 
returns in all the seeding ratios were higher ('lk. 31701 
toTk.4655 ha ')than that of solecrtoppings. In Aujhmpi 
soil series all the seeding ratios gave lower gross 
returns than sole chickpea excep' tle seeding ratio 

Chickpea + linseed. In Darshana soil series tile 

100:25. In Darshana soil serie, 60:4(0 seeding ratio 
produced highest lIER oh 1.57 ollowed hy the seeding 
ratios 75:5011.52). In Amjhupi soilseries highest LER 
of 1.20 was obtained trom tilesreding ratio 100:25. 

Wheat + lentil. Studies otnthe iti\ed cropping of 
wheat %sithlentil atP'alirna aid Kanaipur sites of 
"rangaiIand Faridpurduriig tile pistraitt seasoti 1Q87/ 
88 showed that [lie seedi ;e ratio 1(1:33 gave tile 
highest LER val Lie, cost-benefi ratio aitd gross margin 
(OFRI) 1988). 

Relay croplfint 

Studies at Janalpur by the Agronomy Division, BARI 
indicated that the khesari cultivar Jantatpt with 45 kg 
seeds ha was suitable for relav ilg in. timanrice (lARI 
i995). 

Alan and Costa (It88) reported that imprtved 
management of khesari + maize intercrop used for 
fodder and g cel cob. respectively, when relayed in 
t.awan rice gave higher gross niargin 1k. 26 300 ha 
and cost-benefit ratio (4.C" The yield of intrcropped 
khesari + maize was reported to he 1.48 and 3.88 t 
ha '. Khesari was utilized as fodder because there is all 
acute shortage of fodder in "rangaii during January-
February. 

Intercropping 

Agrtotomy Division. BARI 
it was found that the highest net return (Tk. 8840 ha') 
was obtained front maize + wheat intercrtpping fol-
lowed by maize + chickpea intercropping (Tk. 7 721) 
ha ') (BARI 1982b). It was also found that during the 
early rainy season intercropped mung bean produced 

In astudy conducted by tile 

0.73 t ha ' and lalsak (leafy aniaranthus) 1.89 t ha 'with 
an LER of 1.45 in the pattern cabbage + lalsak - mung 
bean + lalsak-lndian spinach + kangkong (Ipomnoea 
sp). 

Again intercropped mung bean produced 0.65 t 

ha'andradish 1.31 tha '(69%ofmonoculture)withan 
LER of 1.46 in the pattern cabbage +spinach - mung 
bean + radish -lady's finger + kangkong. 

An intercropping experiment of maize, mustard 
and wheat with khesari under zero-tillage conditions in 
tilefarmers' fields in the flood-affected area of 
Keshabpur, Jessore during the postrainy season. 1987/ 
88 was cond uctcd after recession of flood water. Maize 
and khesari were found to be suitable for sowing on the 
m1ud after the flood receded. Khesari could be har
vested without affecting the timely transplantation of 
horo rice. 

Conclusions and Recommendations 

increase in the area 
under/'ot rice aftlerthe irlroducnitt ofirrigation there 
remains enough sctpe to increase lite production of 
pulses in Bangladesh. Keeping this in View. and 
cnsidering tie various li itiltiotts. future research 
should icludtet e '0l \ in issuc,: 

In spite of the possibilily of n;Il 

0 Search for bctter cultivars to suit v:trying 
agrclitiatic situations attd differet cropping 
systetis. Yields could hie itcreased trom tile 
existing area it' high-\ ielding culivars are ill
troduced. 

0 Shorl-duration cultivars to fitinto systeimis in
volving/,bu, rice. This will necd \aricties ma
turing iii about 81I/) (days. Such varieties will 
to a great extent regain the pulse area lost to fore 
rice. 

0i• Improved managcment practices for sole and 
mixed cropping. IhcrceasCdlirodtictiott througl 
highervicldsofcxisting pul;cscould beobtained 
through better seed rate. weeding, and better 
land preparation. 

0 l)evelopment of new cropping systenis involv
ing pulses. This will allow introduction of 
pulses illnew areas atd itt different seasons. 

a Adjustment of existing cropping patterns. Ex
isting cropping patterns often delay seeding 
thereby reducing yieldduetopoor soil-moisture 
conditions. Seeding during optimum moisture 
conrditiots and time can greatly increase yield. 
Short-duration rice varietiescan help toachieve 
this. 

0 Fodder crop production. Traditionally green 
pulses crop and hay are used as fodder. Reduc
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 lower fodder production due to the 
reduced area. 

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

• 	 Better seed storage conditions. Better seeds 
would mean good plant standsand highervields. 
Insects cause a lot of damage to pulse seeds in 
storage, therefore improved storage methods 
are a matter of urgent necessity. 

" 	 Emphasis on khesari. lentil and chickpea. Be-
cause of their share in national pulses produc-
lion tie el phasis of research should hc onl 
khesari, lentil, and chickpea. 

" 	 Regional emphasis. The area on vi c in ttg 
bean and C1wpea na', n 'PiIta i Walp.itta' (L 
are cultivated is conparativcl, less than the 
otherpulses, yctin sone areas,. their importance 
is [lot negligible. Therclore, res arch ,,) these 
t, (crops should be imitcnisiticd. cspcciallI imung
bean for the southern area (Barisal and 
Patuakhali), aoid cowpea for the ('hittagong 
area. 

Apart from the ahoverentioned areas tfmr research 
there exists scompe to iicrcase the pulses production 
u,,ing currently :available technologies...A dedal,s,ell-organized and ,sll-comrdmiatcd progranm cal 
achieve tils. It is cplcled that if the suggested 
strategies are adoptCd pulses productiomn could be in
creased by about 1)7 ()(1()t %ithin the next 5 years. 
despite the itnvasion of pulses area by irrigation tech-
nology suitable for cereals, 

Strategy 	 Expected additional 
production (t) 

Adoption of ilnwed cuhtivars 	(2()i area 
i.e.. 5(1 00(0ha) ofchickpea. lentil and 

mung bean 2(0(10 


Adoption of newly developed cropping 

patterns (70() ha) 
 70 O(X)

Use of fertilizer and bioenilizer 
(10% area) 2 000 

Sowing under proper moisture conditions 
and at the proper time 5(X)0 

Use of quality seed 4 000 
Improved mixed cropping 

including new patterns 3 000 
Plant-protection measures 3 000 

Total 	 107000 
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Progress in Agronomic Research on Pulses 

A.F.M. Maniruzzaman and A. Ahad Miah 
Bangladesh Agricultur-al Rescarch Institute, Joydebpur, Bangladesh 

Abstract 

Agronomic reseach carried out during 1981-1988 indicated that timely sowing was a key factor in 
reali:ing the yield potential of postrainyv-season pulses. For rainy-season pulses, maintenance of 
adequate plant stand and appropriate management practices were critical in raising productivirt.
Research work covered severalarea. intluding the development ofcultural practices to increase yields
of newly relea.sed cultivar- and tMome in the pipeline, d'termination of the benefits of low vs high 
manageeient practices. incorporation (iI spei ifi pulses for grain and green manure) into existing
cropping patterns; inter, ru.tedand relay croppimgofpui.ses with crops like cotton, barley, wheat. linseed. 
maice. etc; and crtop phvsiolg i-al Itnvesttgations to provide a basis for management practices. These 
findings and their implication.%are described and discussed Constraints to obtaining high yields and 
research needs 11w the future are ugge.ted. 

Introduction 

Rice-pulse combinations have alwsays 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 in recent years (Khan and Khan 1985). This has 
resulted in a reduced per capita availability of protein 
(Ahad et al. 1990). Traditionally. pulses are grown in 
Bangladesh during the postrainy season and the rainy 
season. Khesari (Lathvrus sativu. L.), lentil (Lens 
culinaris Medic.), chickpea (CicerartetinumL.).black 
gram (Vignamungo(L.)Henper),andmungbean(Vigna 
radiata (L.) Wilczek) account for nearly 95% of the 
total area 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 fertility condi-
tions and low moisture status. Rice and wheat are 
grown on the more productive lands. These crops are 
grown in the postrainy season after the cessation of the 
monsoon rains, utilizing residual soil moisture. The 

rainy-season pulses, on the other hand. are grown with 
the first premonsoon showeroralong with the monsoon 
rains. In both cases the crops are raised under poor 
management conditions. Consequently there has been 
adecline 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 concerted efforts to enhance 
pulses production It isnecessary 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 1U'C and 30C 
(Saxena 1979). On this consideration. 110-115 days 
are available for growing postrainy-season pulses. For 

Citation' BARI (Bangladeh Agnuhural ReNcarch in titute) 1991.Advanes in Puls, Research cnBangladesh: prnccecdings of theSecond 
Natconal Workshop on Pule,. 6-X Jun 19S9. Joydcbpur. Bangladesh Parncheru, A.P 502 324. India- International Crops Rewearch Institutefor 
theScmn-Arid Tropic, 
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the short and mild winter condiions of Bangladesh. 
culturalmanagementshouldbedesignedtofullyexploit 
the available growing period, 

Rainy-season Pulses 

These pulses include- black gram, mung bean. and 
pigeonpea (Cajanus 'ajan (L.) Millsp.) The optimal 
temperature for growth and development of most sum-
mer pulses isbetween 25"C and 35"C. They can toler-
ate high temperatures up to 40"C, but are sensitive to 
low temperatures (belo, 18'C). These crops are nor-
inally drought tolerant but sensitive to waterlogging. 
Mung bean arid black gram. grown during the summer, 
are daylength insen.ttrve. Hosever, a daylength-
sensitive mung bean cultivar locally known ais 
Sonamoong is grA n in certain specific locations 
during the postrainy season. Summer pulses can be 
grosn almost throughout the year except during the 
short •'inter season. 

The Role or Pues in (ropping Systems 

All the major cropping patterns are rice-based. There- 
fore, postrainy-season pul.es have to compete s,ith 
horo (winter) rice and wheat. particularly in region' 
where irrigation facilities,are available. Inareas ,het 
lentil and chickpea are sown alter the harvest of ania 
(rainy-season) rice (August-December) growth arid 
yield are affected adversely. In the early monsoon 
(Kharif I)season (March-Mty) uncertain and erratic 
rainfall restrcts the cultivation of summer pulses. In 
the latemonsoon season(Kharifll)(August-October). 
mung bean and black gram have the potential to folloss 
aus (rainfed) rice or jute (April-July). particularly in 
the northern districts. In the southe:n districts. mung 
bean may follow arnan rice an, precede aus rice. 

Tha-,peratures during the late monsoon are sufficiently 

high to support the growth of summer mung bean. 

Research Studies 

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

Pulses like lentil and chickpea are grown inthe dry 
winter months under rainfed conditions. As te climate 
imposes arestriction on the duration of growth of lentil 
and chickpea(approximately I 10days). timely sowing 

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 lentil cultivar Pabna local and chickpea cul
tivars Nabin and Sabur 4 over the years at various 
locations in Bangladesh underline the importance of 
timely sowing. Irrespective of tle seeding rates used 
(20-40 kg ha 't.the optimum date of lsowing 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 kite October sowing 
was not possible due to excess soil moisture, the 
optimum (late was between the first and third week of 
Novenber. For chickpea the optinum time of sowing 
appeared to be between the third A,eek (itO':tober and 
middle olfNovember (Table 2). [.ate sos igs tDecemn
ber) significantly reduced grain yield,, a%high tem
peratures during the pod Netting and grain filling sages 
reduced the grain-filling period and da ,sto maturity 
(BARI 195). A survey carried out in faners fields 
in Natore and Faridpur districts results not presented 
here), also corroborated the experimnent ,tation results. 
Irrespective of sceding rates used h the farmers. 
significantly higher chickpea yields %%ere obtained 
froin sown thethe crop in Ni vcnber (compared It) 
later-sown cro)). 

Yield Response of Lentil and Chickpea Under Dif. 
ferent Management Practices 

Experiments were conducted to determine whether 
lentil and chickpea yields could be improved through 
better management practices. The effect of different 
levels ol management on lentil %&as evaluated at 

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

Yield (that 

Date of sowing Joydebpur Ishurdi 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 0.57c 0.40b 1.20b 

t. 	Values within acolumn followed by the same letter do not differ 
sigificantly at the 0.05 level. 
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Table 2. Performance of chickpea (Nabin) at different 
dates of sowing at three locations (mean of three seeding 

rt.tes). 1985/86. 

Yield Itha '1
 

Date of sowing Joydebpur Ishurdi Jessore 

23 Oct 3.20ab' 1.30ab 

I Nov 2.80a 3.30a 1.70a 

16 Nov 2.50ah 2.50ab 1.50a 

I Dec 1.90b 1.71k 1.70a 

16 Dec 1. 1k 1.40ci t).70c 

I Jan 0.50d t.7(ld 0.30d 

ed bs the ,ancec ionot 
significantly at the 005 level. 

1. Values within acolumn. Iolot, letter llfer 

Jam alpur during 1984/85 (Iahe 3). 'm cnt inal 

tillage (ispractied 1w tile Iartuero Ctupled \ith one 

hand weeding at 3 %ceks prodtuced hiher \i I 11(0 

kg ha ')than that produced h3 tlllulltrlitlltae. Addi

tional Ictelit, frOlll Mectliin1ltatld arC possible oil\ 

\\'ilh tillage. handconventional tilling. With tiunt 

wceditig and fcltili/er Use produccd higher ieltiotil\ 

when combined. 

Inchickpea Nabi intgatton and fertilizer appli-

cation failed to clicit any rc,,pon, in tcrtm sf itehlat 

Ishurdi and Jessorc (Tlblc 41. Morcovcr. fertilier 

application and drilling Sccdt it the moist /one hall t 

Table 3. Effect of low and high management levelson grain 

yield of lentil at Jamalpur, 1984;85. 

Levels of manageient 	 Yield (tha ') 

Minimum tillage 	 0.56bc:(IMT) 
MT + Hand weeding (IHW) 0.47bc 

MT + Fertilizer (1.38,(F)' 
MT + HW + F (.81abL 

Conventional tillage 0.86ab(CT) 

1.03ab
CT + HW 
0.86abCT + F 

CT + HW + F 0.98ab 

CT + Insect Control (IC) 0.80abc 

CT + HW + F + IC 1.09a 

I. Fertilizer(20-40-20 N,PO, and KO) 
2. 	 Va!ues followed by the same letter do not differ significantly at 

the (.05 level 
the __0.05_level_ 


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

Yield It ha ') 

Ishurdi Jessore
TUreatnent 


A. Effect of Irrigation
 

No Irrigation 3.13 1.96 

Irrigation at 35 DAE 3.03 2.09 

Irrigation at 45 DAE 3.45 1.71 

NS' NS 

B. 'ftect of Fertilizer N-P.O,-KO 

0-0 -0 	 3.09 1.84 

0-40-20 3.38 1.93 
20 -40-20 3.14 1.96 

NS NS 
-

I.NS Non %gntficant. 

effect otnchickpea yields (Table5 . These results show 

that prcsentl available cultivars oftchickpea and lentil 

do not respotld to better mallagcelilt practices. 

Crop Management in Mung Bean 

Ex\periments 	 ott the effect of plait population and 

tcatres 'able 6 reveal the ittiportancewced-control 
tile heanof sufficicnt plant statid ot icld of itt unttg 

Illat idcIt al.1988). n)t hand )ceding carried out 

bett cell and 21 1)AF da\ ,alter etergeice) under 
igavecthe highest populatio~n dttstty I 51)0 (XX) plantls ha , 

indiviclo Ai e\periient Col

duCCd to cetennine the response of tiung bean to 

different cultural practices revealed the importance of 

tilebe',t l crop yield. 

fertilizer application 121-40-30 N-f',O,-KO)and hand 

wsceding nitinitimuti-tilled plots. The highest cost

benefit ratio W((BR) and targinal tate of retun (MRR) 

was also obtained from this treatenet (Table 7). Re

suits 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 durintg 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. 

Treatment 

Broadcast sowing (BS) without fertilizer (F) 
Drill sowing (DS) without fertilizer (F) 
BS + FBI 
DS + FB 
BS + F placed 30 cm apart 
DS + F drilled 
BS + FB + TSP placed 30 cm apart 
DS + FB + TSP drilled in tows. 

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

Table 6. Effect oftimeofweedingand plant density on the 
yield of mung bean cultivar (Mubarik) under rainfedconditions, Joydebpur, 1985. 
conditions, 

Weeding Plant density Grain yield (t ha') 

No weeding S11 0.30" 
S, 0.35ef 

8i 0.83bc 

Hand weeding
and weding S,

atS1D 
0.69bode 
0.85b
0.89a 

Hand weeding S, 0.6f0cdef 
at 20 DAE S, 0.96ab 

S, 0.74bcd 

Hand weeding S, 0.43def 
ai 30 DAE S, 0.57cdef 

S) 0.69bcde 

Hand weeding S, 0.40def 
at 40 DAE S, 0.44def 

5, 0.74kd 

I. S, :333 x IO plants ha'
S2 : 400 x t0 plants ha I 
SI : 500 x t0 plants ha' 

2. Values followed by the same letter do notdiffer significantly at the 
0.05 level 

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

1987/88 1988/89 1988/89 

1.90 1.94 1.54 
2.17 2.16 1.45 
1.83 2.33 1.62 
2.06 1.83 1.36 
1.86 2.36 1.51 
1.61 1.75 1.67 
1.85 2.17 1.6) 
1.88 2.53 1.53 
NS' NS NS 

Mixed Cropping and Inlercropping of Pulses 

Since pulses have Itocompete with anumher of crops.
 
inixed cropping and intercropping are widely prevalent
 

in Bangladesh. [Experiments have established the 
feasibility ofygrowrillg c ickpea. lentil, inung bean, and 
black gram mixed cropped or intercropped with maize. 
wheat. cotllon. or linseed. Ilo%%ecr, experiments at 
many Iocations have revealed the in portance of es

tablishirg proper seeding ratio, for tile component
crops. The highest land equivalent ratios (LERs) wereobtained from I(X): 51 wheat-leguie (chickpea or 
lentil) and 51: 1001wheat-legurie combinations. In 
other experiments, two rows of mung bean between 
paired rows of maize or cotton proved to be the best 
combination. It was also possible to reduce th,, dose of 
nitrogen from 45 it 3(0 kg N under intercicpping
without affectingyields. In lentil/linseed intercropping. 
tile highest LER was obtained when 4 rows of lentil 
were intercropped with I row of linseed. 

Future Research Needs 

I. 	 Time of sowing is important forpostrainy stason 
pulses. Therefore. exising cropping patternsmay
have to be adjusted, or alternative cropping 

3. Days after emergence, patterns developed. 
2. Improved plant establishment techniques need 
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Table 7. Effect or tillage and cultural practices on the yield and return of mung bean, Joydebpur, rainy-season, 1984. 

Total' 
Grain varia-
yield ble cost 


Management levels (tha') (Shah 


Minimum tillage MT 0.68 38 

MT+Hand weeding (HW) 0.93 92 

MT +Fertilizer (F) 0.72 62 

MT +F+ I IW 
 132 116 

Conventional tillage 0.80 
 65 
(cr)
 
CT + HW 0.96 119 

CT +F 0.84 
 89

CT +F + HW 1.40 143 


CD (0.05) 0.50 

L I US $ = 32.85 Tk in 1989. 

to be developed for differeint agroecological 
zones, 

3. 	 Low-cost implement,, should be developed to 
make the best use of residial soil moisture. 

4. 	 Rhizobial inoctulation tecl,iiques -Iuld be in-
corporated in management practices. A total 
management package for pulse-based cropping 
patterns should be dev eloped. 

5. 	 Iniproved management practwcos 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) ofpractices for pulses readN 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 fertilizers. 
Theseprac- esofir.creasingcrop biomass and canopy 

Marginal
Gross Gross rate of 
Meium margin Cost-benefit return 
($ha ') (Sha') ratio ($') (%) 

163 125 4.29 
223 131 2.42 15 
173 11I 2.79 
317 201 2.73 292 
192 127 2.95 7 

230 I .93 
202 113 2.27
 
336 193 2.35
 

also increase incidence ot diseases like botrvtis gray 
mold. )o you have any observat ions on disease 
incidence'? The advantages of agronotic practices are 
often nel ated by diseases. Ilence, further studies are 
needed. 

A.F.M. Idaniruzzam-an: We did not observe disease 
incidence (botr'tis) Ito .iny great extent in our expert
merits. I agree, these should be more closely observed 
in experiments with high management inputs. 

R.N. Mallick: (Comment 1You 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 to address some of" the potential problems 
needing immediate attention. 

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

A. Rahman: What is the optimum growing degreedays to exploit the full yield potential of'some of the 

postrainy season pulses viz., khesari, lentil'? 

A.F.M. Maniruzzaman: We have not yet tackled 
theseproblems. 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 tamnan. During the above period, t.awnan is 
just being harvested and although wheat optimum 
sowing is eanarked for Nov 15 - Nov 20, the area 
achieved was still found to be only 5-1W. So with the 
experience in wheat, hlow nuch -area Uinder pulses lo 
you think we cati acieve, ify(u stick to opturtime 
of sowing! 

A.F.M. Maniruzzarnan: Ifacceptable yield Icscae 

to be achieved in chickpea, then it isvery important that 
it should be soisn it tile o1tinium title. Hence. tile 
previous antaniirice crop shotld be tit shorter duration. 
so that it is harvested b\ the initdd~ l'oNosember. 

M.A. Karim: 'You reportedt the cflet oif dates kit 
sow%% eitd it N. I arti illtr-ing on the crolp oiC pulsCs. 
ested inl ki, tlie (ii the tiuiiiercears sonI c0.ontiiiu'd 

our e\pcrllierts at caci site. :lld IOl ,issM rig tin t.e 
saine datc II diffeiciit \ears 1r,1 ci\c signllicalitl 
different coitp \ield,,. What \ ldtild\oil (it) s)\.i 
dliscrept['anc.ies, iii oulr e\speltriertl result,.' 

ereA.F.M. Maniruzzaian: The resultsCCribeJ %% 

evaluated tton e\licrircit s carried tiLt Iur at least 3 

year,. We a.s, irlate our rests s\ ili .' ilnrati data. We 
hae tiolnot0I I e iich \ear-i-\ear s:arrahilit. III cli

irialic clelnelln. 
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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 productivityv ofmung bean (Vigna radiata (L.) Wilzek) and black grant (Vigna mungo 
(L.) Hepper)under minimum tillage,e.ii/)eriments vert conductedat the Regional Agricultural Research 
Station. Ishurdi on: (ii clteeot"ili'rent levels oltfillace and weeding on mung bean after wheat. (i) seed 
rate and relay croppineg ofintin., bean itbroadcast aus rice under zero-tillage 'onditions.(iii)perfor
mance ef uning season croppjingpattern underbean anIbac'kgrami inaus (rainft'd) rie -vIlnw-pc.strainy 
dlifferent methods ,f.w cld/ic/C r'efect al'diflerent levels otl~illae'on the yield ofnting bean andblackeing. 

gramn after broac (mt acus ric il,the aus riee-l-failc-pecstr seasont ropping pattern. No significant 
differences ieere,jawid , yield /ir diffikrent levels of tillage a.well as different methlods of sowing 
Thertfore. mnng 'beanand bla" vmani (al be cwn wider ,nininiicn-tillage conditions v.-ith tl' first oiset 
of ra:i ill the early nonsoon se ' where t land i.kept fidlow up to June 'Jd. jo, uplands'onC(kharifl it 
trantsplante'd am an ( raimi sea.t rje.,It the' late Mnon.Oolm setson (khia/if/I) it could begrowniin the au s.. c 
rice-fallow.postrainy semast', crcplingpatternili tilt, northwvestern region olBangladesh. using thefallow 
periodvs,'hottdisturbing the c'eisting postrainv seasoni crops ,tnustard, letil (Lens culinaris Aledic-. I,and 
wheat, provided the soil is light teXtured (sandy' loam-silts loatnm)tnd the sowing is completed ini August. 

Introduction man,.o L.) I clpper). a large area would become avail
able for culti'atien %ithout disturbing the existing 

The area under pulses and their production are cleclin- cropping paltern. |lo.eer. one should be cautious 
ing dIe to crop ccmp :iticn ilthe postrainy (rahi) beCatcis AuguL isthe peak otllhc rains' season and there 
seasnn. These crops in general do not respcond el)high is a high risk tlcrop faitUre. Duringithis period, land 
managenent. Ftlcieore. the option is to ccltivate these preparation is or\ct icitult hN cciventional tillage. 
between the t\s.cc main cropping scasons., rainy and thoughome farners still praclic- it in pais otRajshahi. 
pcstrainy. Minimcm tillage his the poteitial te reduce PIabia. Kushltia. and Jessore. Since the lallow period isthe turnaround lite bcts. clopping Tcahoin.\ 1he p nl b I' k11b\This scr\I iddrAuguist and if 

may facilitate the soi g of he crop at the optiniLun1 Ihe ccscntioinal inctlll i Ist0ilh%%cl. this mlay not be 
fime. Oneci the taior upiand cropping patterns tf'ltlc possible in sone \car, tile t4 hia rains. Establish
ncrthenm ditricts is Iri(raiited) rice iApril-mid Aci- tocit el oplintin plant populatiOn is also difficult. 
gustl-lallo% Anctcis-()ctabcr)-potrainv season (No- Therefore. there is a need for a!ternalive technologics. 
vember-March). This patiern is ftlleewed itt %%ell- Scme fithe optiotns a'ailable are: 
drained highlands %%itlt light-testcired soils. Ifthis 
foilcew period ci Xl l-9)0 days could be utiliietd her I. to gro\k pulses as relay creeps iii cli. rice, or 
growing short -durat ion pulse croeps like intccg bean 2. tees0 uinder cro tillage it lie same dayalterau.s

igctna radiata (L.) Wilc/ek) or black grant ina rice harvest. 

Citation: BARI (Bangladesh Agncultural Research Institute).Adsiance% inPulses Research inBangladesh: proceedings of the Second1991. 
National Workshop on Pulses. 6-8 Jun 1989,Joydehpur, Bangladesh. Patancheru, A.P. 502 324. India: InternationalCrops 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: 

1. Seed rate and potential ofmung bean as a relay crop 
with aus rice: This trial was conducted to study the 
feasibility of growing mung Iean as a relay crop with 
aus rice and to determine the appropriate method and 
seed rate. A factorial experiment was conducted during 
1985 and 1987 with 3replications with 3seed rates (20. 
40, and 60 kg ha' and 3 sowing conditions, i.e., 
sowing as a relay crop 15 days before aus-rice harvest 
(M,), .owing after harvest of auos rice leaving 20-cm 
stubbles above the ground level (i. . and sowing after 
harvest ofaus rice to the ground level (M,). 

The results indicate that there were no significant 
differences in yield and its components with different 
seed rates or methods of sowing in e iher year (BARI
1987). 

2. Effect of different levels of lillage on the yield of 
mung bean and black gram after B. aus rice: The e,-
periment was conducted to c-.aluate the profitability/ 
acceptability of inimum tillage 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 tillage I ( I 
ploughing + I laddering), reduced tillage (2ploughings 
+2ladderings), and conventional tillage (3ploughings 
+2ladderings) during the late monsoon season lkharif 
:1) of 1985 and 19F7. 

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 no tillage in both crops dmring 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 !benefit ratio. No tillage gave medium returns but 
poses the problem of free grazing of cattle, therefore 
one ploughing is recommended under minimum-
tillage conditions !o 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 pattern of aus-
fallow-postrainy season crop: One of the major crop
ping patterns in the northern districts isaus 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 beanrand black gram may 
be introduced as catch crops in this pattern during the 

late monsoon season to utilize the non-crop period. 

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

Croppingpattern /: aus rie-,nigbean-wheat 

The results showed that the total yield under the 
farmers' pattern (F,was 4098 kg ha' in 1987 and ?802 
kg ha 'in 1988 and that under the improved pattern (FI) 
was 4727 kg ha ' and 4438 kg ha ',which was 15% and 
17% higher than tie tanners' pa:tern (Table I ) (BARI 
1988, 1989). The annual net return increased by 62% 
and 131% in Fl over F. The cost-benefit ratio was 
positive in FI whereas it was negative in F. 

Cropping pattern 2: aus rice-munng hean-mustard 

The results (Table I ) indicated that the total yield in FI 
increased by 36/ in 19;!7 and 34c/'( in 1988 over F, 
resulting in net returns higher by 101%c and 139% 
(BARI 1988, 1989). The cost-benefit ratio was 1.15 
and 1.16 under F I compared to 0.66 and 0.55 under F 
in both the years. 

Croppingpattrn3 aus ri'-mtngbea-lil 
' a 

The inclusion of lentil increased the total yield by 32% 
and 30% (Table I) over F in 1987 and 1988, respec
tively, resulting in 63% and 7V%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-blackgram-wheat 

The results indicated that the total yield was 4780 kg
ha-' and 4525 kgha' in FI resulting in 19% higheryield 
over F in both years (Table I) (BARI 1988, 1989). 
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Table 1.Percent yield increase, net return, and cost-benefit ratio or the aus rice-mung bean/black gram-postrainy season crops compared to the existing aus rice-fallow-postrainy season crops, 1987 and 198S. 

'nreaie/decrease% yield %net return Cost-benefit yield of last crop 

Cropping patterns
tested 


Aus rice-mung bean-wheat 
Aus ice-mung bean-mustard 
Aus rice-mung bean-lentil 
Aus rice-black gram-wheat 
Aus rice-black gram-mustard 
Aus ri,-black gram-lentil 

Source: BARI (t1988. 1989). 

increase 

1987 1988 1987 

15 17 62 
36 34 101 
32 30 63 
19 19 90 
46 44 133 
37 29 74 

Compared to Fthe annual nt- ret'trn increased by 901/(
in 1987 and 123% in 1988. T'le cost-benefit ratio was 
found to be positive in FI %vht.atsit w.as negative in F. 

Crop,'pin, pattern 5: aus rice-b/ahc grainmustard 

The total yield increased by 46, aid 44/ under Fl 
during the 1987 and 1988 cropoing years over the 
fanners' pattern (Table I) (BARI 1988. 1989). The net 
return was increased by 1337 and 1461%. over F. The 
cost-benefit ratio was 1.33 in 1987 and 1.1 in 1988 
under the improved cropping pattern, against 0.65 and 
0.55 in the farmers' pattern. 

Cropping pattern 6: aus rice-b/a'k gran-h'ntil 

In this pattern (Table I ) the total yield in FI as coin-
pared to Fin:-,.-cd by 37 i, 1987 and 291/%in 1988 
(BARI 1988, 1989). The net return under FI was 7417 
and 53% higher than the fariers' patt m. The cost-
benefit ratio was 1.79 in 1987 and 1.90 in 1988 under 
FI compared to 1.21 and 1.49 under F. 

The gains in total yield 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 
Ii. common practice of ars rice-fa i'ow-postrainy 
season cropping pattern for increased total yield, net 
returns, and an improved cost-benefit ra:io. Among the 
farmers' cropping patterns aus rice-fallow-lentil was 

tnd tobe better(positive cost-benefit ratio) compared 

increase ratio (kg ha'1) 

1988 1987 1988 
 1987 1988
 

131 1.04 1.05 -354 -77 
139 1.15 1.16 +52 +50 
78 1.64 1.91 -6 -39 

123 1.16 1.01 -312 -110 
146 1.33 1.19 +115 +132 
53 1.79 1.90 -49 -166 

to the ots rice-fallow-wheat/mustard patterns (nega
tive co,,t-benefit ratio). This resulted in higher increase 
percent net return in theausrice-rnung ban/bhlack gram
wheat/mustard pattern compared toaus rice-tnung bean/ 
black gram-lentil pattern. 1-lowever, the latter is still 
considered the best pattern as it is s'lpported by the 
highest cost-benefit ratio. It is interestigz to note that 
the yield of mung bean and black gram was reduced to 
sonic extent when they were grown as sequential crops 
its compared to control plots in both the years. Lentil 
recorded a small yield reduction when grown after 
niung bean when compared to black grain. 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 
crops and in fact improvement in yield was greaterafter
black gram. The reasons for this difference are un
known. 

The conclusions drawn from these experiments are 
that in general inung bean and black gram can be grown
in the fallow period of the aus rice-lallow-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-sea: on crops: It was observed that 
mung bean and black gram had adepressing effect on 
the following whe~at 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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(ii) which of the postrainy-season crops performed cultivar Tori 7, and wheat cuhia'r Kitnchan. The crops 
better under the above conditions. A split-plot design were sown 12 days after the mung bean was ploughed 
with three replications was followed for this experiment, down. Plot size was 5m x41n. and recommended doses 
The main plots were: (i) control (fallow after aus rice), of fertilizers were added dr-ing final land preparation. 

(ii) haresting of inung bean plants to ground level and Data on yield and yield conponrnts %rer recorded. 

(iii) ploughing down of to ng bean plants after harvest It appear, fron Table 2 that ploughing down tIhe 

of pod,,. The sub-plots vere son ,with postrainy- tourng bean increased the grait yieldand seed size ofall 

season crops %i/.. lentil cultvar L 5, nustard cv the postrainy-season crops prohbably due to the added 

Table 2.Effect of mung bean residues on the following postrainy season crops in the = rice-mung bea -posti'alny season 
cropping pattern, Ishurdi, Bangladesh,1986/87. 

i entil 

Plant Plant 
population population Nn.of pods No.of It(X) seed Yield 

Treatment (m: (cm) plant' seeds pod mtta.ss tg! It ha i) 

Fallow (control) 70a' 41 72b 1.9 12.2 0.76b 
Harvesting of 

niung plants 55b 43 64 1 .8 11.5 0.75b 
Plough dos n of 

mung plants 54b 47 89a 1.9 12.8 0.91 a 

F - test NS' NS NS 

Mustard 

Plant Plant No. ol No. of 
population height silqua seed I(X) seed Yield 

Treatment (ti icmn plant silqua imass g) (ithat) 

Fallow (control) 124 72 75b 14b t.2 1.lb 
Harvesting of 

mung plants 114 74 78b 16b I.A 0.89b 
Plough dow nof 

mung plants 127 72 84a I 9a 1.3 1.26a 

F-test NS NS " NS 

Wheat 

No.of Plant Length of No.of 
spikes lheight spike grains IMX)Oseed Yield 

Treatment (i -) (cm) (cm) spike n ss Ig) 0tha') 

Fallow (control) 160 79 9. 1 b 30 47.3b 1.36ah 
Harvesting of 

mung plants 146 77 8.Ob 29 46.3b 1.22b 
Plough down (if 

mung plants 155 80 8.8a 33 50.3a 1.49a 

F- test NS NS ' 

1. Values followed bNsame letters within acolumn are not significanil) different at the 005 level. 
2. *Significant at 0.05; - at 0(01 level%. 
3. NS =Nomsignificant 
Source: BARI (97) 
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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 ofsoil fertility and 
moistureaswasalsoreportedbyLawnandAhn(1985). 
However, in this case mustard and lentil produced 
yields similar to thost; obtained in the fallow treatment, 

Conclusions 

The general conclusions are: 

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

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

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

4. To maximizethenet return.aus 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 mnung bean as green manure 
under dry con ditions, provided sos og 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 tw increased total 
pulses production. 
The future research thrust should be directed to-

ward the following areas: 
I. 	 Optimization of cultural practices ;uch as plant 

density, planting geometry, weed control, etc. 
for mung bean and black gram in the aurs rice
mung bean/black gram-postrainy season crop- 
ping pattern. 

2. 	 Monitoring of soil-moisture depletion and wa-

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-.;eason crops after har
vest of 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. 	 Quantification of 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 a:s rice by 
HYVs and its effect on the whole pattern to 
increase the annual net return. 

Discussion 

D.G.Faris: Forclarification, ifa farni'.rhasanegative 
cost-benefit ratio using his own cropping pattern, does 
that mean that he is losing money? If so, how does he 
continue'? 

A. Aziz: Yes, because he does not account for his own 
resources like labor, draft power, etc. He is minimizing 
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 

A. Ahad Miah, A.F.M. Maniruzzaman and M. Motior Rahman 
Bangladesh Agricultural Research Institute, Joydebpur, Bangladesh 

A bstract 

There has been a continuous decline in production of pulses in Bangladesh during the last decade. 7Ihe 
dail' capita Iavailabilit of'pulses has dec'linedfrom about 7g in 19 76/77 to about 5 g in 1985/86. Wheat' 

antd boro (winter) rice have replaced to a ',otsiderableextent the area under pulses. Major problens with 
pulses include, low viehl potential. utstahleproduction levels hu' to biotic and ahioticstresses, lower 
responses to environnental manipulation and htigh inputs, lack of research intpit, defective sto,Ne 
systenms, ani absetce ojproper marketing fercilities. However, their hig'h nutritive value. hig.h'r iot
beniefit ratio, beneficial effects onl soil structure and health. atdadaptationto limiting en virontnentaland 
soil conditions willsustain their place in the e.%lsting cropping,patterns oflthis €oiuntrY. Fif Iots to in( teoa,
researchinputs in tertns '(yhi'h-vieldin,, stable cultivars,improved nanagenentpta tices, ttnolert seed
production technology. suitahlestorage structures, and proper tnarketingfincilities will ,'o a long way in 
improving atl increasingplses produ .ion in the couintry. 

Introduction 

In Bangladesh. pulses are traditionally gro%n during 
the drY winter months tider rainfed condit ios. Some 
like black Lram WIi rnam .,,oi(L..) Hepper), UMnn1Cban 
("ignua railiata (L.) Wic/ek ). ard pigeolnpea I C.'a/t.A 
cajat (L.) Millsp.) are grorssn during summer. lieu,-
es,. r. the area under culli atioll is Small. Most ote il 
pUlsecrrpsare -'centrtlledill the districtso Faridpur. 
Pabnt. Jessirre. Raihahi, Kushtia. )haka. Faris,,l. and 
Noakhali. They ,rccrjiy an area ,rahwlott ).3 million ha 
(less than 3'; of tire tital Cutit]\ atCd are:I and prrrdttcc 
about 0.2 million Iofgrain( less than 2' of total o3rain 
production) in tie ctrul-tr, i BBS I 

Khesari (Labth.ru .%atirrU.s L. )tops the list ill respect 
in area and prodictit0n. lihe pred!'rninance if this crop 
is due to its i. ider agrocIiiatic adaptabilit,. arid itS 
capability to rwitlrslaid drougirts and \,aterlogirng. It 
cangrow well under terperatitres ranwinmt bctcri 10" 

preferred pulse lind is One (tlhe nar items ill the dail. 
diet of a vast najo.ritv of tile people. The present 
citivars cannot tolerate emtrette cold or hot climates 
This crop has soime level of dloueht tolerInCe bt it IS 
highly susceptible to tni. ('hic!,hpa (\aterl(t c1 
ifrictinrot L. iis the third inportant pilse crop. It is otne 
tthebestle,,rhslllr inaridartiulralcorrurrpton. 

arid 
a variets ofsnacksand sssets. It isdrrt tolrant but 

t is cottotll used as "lha n it the preparatin of 

highlsen,,itive to\ces,, rt ,oitre. FIlrllhrunliditv and 
cloud\ ,catlherafect its 1l1e rlue-atnd pod sctitie and 
it is %er,susceplible tt 11M lierefhie. it isI0ar ca,cS,. 
difficult to raise this crop in ptnrI%-drained lov lands. 
Black grain is tie foul IIpuIC .rp ,,ASa tropical crlp.
it tolerates high teripreratures. ;11l cain be Citlvalid 
bith initile rain\ season aid it lltemllnsoll (khalit Ill 
seasrrr. It, gros Oiiis afIccled b. tern i -alures belo\ 
1(0'C. It is a short-da, plait, biut da. -neutral cuIiiiars 
are aailable frr ,rilnrer cuhi\atior. It i, a drought

and 30T"C. Khesari is ,uallv raised under rrr 
zero tillage and management. Lentil (Iirns Witans periods. 

Oilirnurnresistant crop and can tolerate v\atrlocging for shi 
Ihl\\cser, ., aterllopggig (or long perirds is 

Medic.) is tile seconrd oirst imporrtant pulse crrp bitt is detrietenal. ..\ lthtt ilh riead produclton of;tire! 
more popular atnurrig tile Consutmters. It is the ost lirulg bean is simiall Isc'llrparcd to tie iother mlajor 

Citation: BARI (Bangladesh Agncultural Research InstliuLe). 1t. Advances inPulses Research in Bangladesh tiru.edrgs f 1h S[tccnd
National Workshop on Pulse, 6-8 Jun 199 Jo)debpur. Bangladesh. t'atancheru. A.P. 50i2124, tndia. International Crops Research Institute fo 
the Semi-And Tropics. 
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pulses it isconsidered as aquality pulse in this country. 
Being atropical and asubtropical crop it requires wann 
temperature regimes for its growth and can tolerate 
high temperatures. It can be grown both in the rainy 
seasonl and in tile late illonsool se.rson. But, it is 
nonnially sensitive to low temperatures and cannot 
withstand \acrlogginy. ~fieldpeai(Pisunit ,sliitmsubsp
ari'nol\() anld pigeonpea aire not important because their 
use is limited to asmall section of the population. 

Constraints to Production 

I.ow%Research Input 

I)ie to lick of sllfl'cinClal mlpower, there has been no 
s' steiatic r,'search directed tos ard tie improvenent 
Ot villous nul se crops. As a result, io significan! 
achle\Clllls could be miade for the deveh~plolent of 
ilpro ed culi, ills Md proper managemnlit practices 

productivity 

800 -- ----- area 
Iproduction 

700 

600 

,: 500
00 
0 

400 

300 

200 

1001 I I I 

to achieve higheryields. Thus the mean national yields 
of pulses are very poor. Research on modem seed 
production and postharvest technology has also not 
received serious attention. 

(Competition Wilh Other Crops 

Release and culti.,tion of t wide array of high

yielding cereal cultivars has pushed pulse crops to 
marginal and submarginal lands of low productivity 
leading to poor yields. As a result, there has been a 
coritinuOus decrease in arca and production of pulses
during tile last d.cadte (Fig. I). Wheat and hro 
(\interI rice hi ctareplaccti i coisiderablc amount of 
the Nilca tuider pulses. iparlicularly %here irrigation 
factilitics ire available. I lence the area aid itroutiction 

kheat and bor, (Of . iiter) rice have tincreased during 
tie lIasI LctdC (Fig. 2). Besides, cotton, tobacco. 
imutiard, potalo. etc. hav c also taken over some area of 

1 1 1 1 1
 
1976/77 1977/78 1978/79 1979/80 1980/81 1981/82 1982/83 1983/84 1984/85 1985/86 

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

pulses due tc thcir high yield potential and better 
economic returns, 

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 islittle or no scope for the cultivation 
of"other profitable crops. 

Lack of Proper Management 

I. PulsecropsinBangladesharegrownwithminimum 
care and under low levels of management. Seeds are 
sown without proper land preparation, optimum time 
of sowing is usually not maintained. and weeding, 
application of fertilizers, irrigation, etc. are not prac-
ticed. Moreover, these crops are susceptible to various 
insect pests and diseases which cause enormous clam-

age. but no plant-protection measures are taken. All 
these factors are responsible for poor yields. 
2. Most pulse crops are grown during the dry postrairy 
season under rainfed conditions on residual soil 
moisture ,, ith minimnum tillage. Due to uncertain and 
low rainfall during the growing period adequate soil 
mristure cannot be assured. This hampers proper ger
minationandemergence(Manalo 1978). Consequently 
optimum plant stands are not established, and as a 
result higher yields cannot be achieved. 
3. Proper time of sowing isa key factor for maximum 
yield realization in all pulses. In the existing cropping 
pattern. chickpea and lentil are sovkn after the harvest 
of transplanted anan (rainy-season rice), broadcast 
anman or adeep-water awnan rice. These crops are also 
raised under the pattern of aus (rainfed)rice/juie-fal
low-chickpea/h. itil in some parts of the country. In 
order to achieve iigher yields, chickpea must be sown 
between the first and 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 amnan rice, sometimes sowing is 
delayed and the late-sown crops are subjected to ahigh 
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temperature regime during the pod setting and grain harvesting, threshing, and drying difficuh. Some
filling stages, thereby shortening the grain-filling pc- times, tie seeds may gentinate within the pods due to 
iiod and tilematurity of the crops, and affecting their lack of dormancy,reducing yields drastically. On tile 
ield adversely (BARI 1985). other hand, for crops sown in August, land preparation

4. Grain-legume crops are capableolltingatnospheri heavand proper tillage become difficult dlie to 

nitropen in association with the bacteria ittheir root 
 rainfall, and crops may be damaged seriousIs due tu 
nodules. Proper Iti lation is 'ery use fu I for inpros ing waterlogging, severe infestation 1 weeds. and insect 
,.ropgros Iliand increasing yields. In nany countries pests. leading to poor yield.
 
eff'ctive strains of rhimobia are being used for different
 
grain-legune crops to ensure profuseIodula tion and
 
increased yields t Burton I7 . ('onsiderable increase L.ack of Seed Production Technology
 
in 'if isIso obtained it- different pulse crops in India
 

inicrobial IUlants
b the Use -f ic popuharl% kno" . as I . There is no modern seed production. processing and
 
bitlcriiliers tSubba Rat 
 antd Tilak I1771. Buh until preser'ation ttchinology for pulses in Bangladesh.

rcentl l thissteetnohig.x \%as Iot Ilade available Itotie Thereflre Iarnters use their o\s i seeds, \x hich are often
 
larniers of Banglfxh>:. 
 of lo\quality. preserved under traditional defective 

storage structures, less -table. and cointaintinated \%ilh 
various sced borne diseases. I 'se tf los -ttalilseeds
 

U nstabhle Production L.e%els 
 resuls in poor plant stand, dan ae t icrops at thIe initial 

staies of grok Ilt. aitd poor yields.
Pulses are affected nre thanitlhercrips by[lhe agal tes 2. The c'\,itiitg local cuhiars if dilferent pulse,, are
 
of climate. Phlititpertiod. airicltperamure. hunliithl. not \er\ respoisise it.Ihigh inputs 
 but a few high
Soil-itittisture statlus. atnd their tinteractions. are [te ria- sieldin culhivars, like Nahin of chickpea showed ver\
 
.lor cnvirotimiental coidilitois thmwt
reguilate the various high \ield poitetial tInitre tht)2 t Iati \Afill the ad
pIhsiolotical factors like gerlltlmtlil. gro\th and aptlitot of better ianagetent practices itt farmters'tlesehtipcn. leaf areahtides. Ieat.a tur,ttiitn, rate of fields. Intileahsettce of a ititodert sede-productitrt 
photos\: ltesis. crop gro\s Ilt rate. let assimitilatitt rate. techtitoogy att] distribution sy"temi. quality seeds of"ourcc-sink" relationship, liar\ ci tilfde\ CtC. aId re- high-\ieldinig culiivars cannot be itade available it)
ali/aloitn of yicld potetial. Due to clinmatic haiards fariners and tlte benefits are not utili/ed to increase 

r"  
amid biotic factors tlie protduclion levels if puillses va production.
 
substamntiallv frotntt \ear to ear.
 

Lack of Adequate Postharvest Techn, -igy

Problems of Rains-season Pulses
 

There is no scientific and suitable iorage structure for

Cultivatitit f pulse crops like black grain and inung 
 pulses it Bangladesh. Seeds are usually stored in
 
bean during carl) tonson April-July and late gunnt hags.e artlen pi its til ctiainers. haiibio has
lionsoon (Aug :'.t-Novenlber it ,onic atrea, showed kets. cenented store louses, uir ingod ls. Storage insolie promtise. Lack ofrhig--yielding, shori-luration. gunny bas is risks', although iii,widely used inlis 

daylength-insenilsiise cultisars Itiing s nclhroto s cOunlr. Insect-pests. particulailI bruchids (alliiso.-
MatLurity. see Idonan cy. and resistaltce toiinsect pe:sts /IitthtA sp) c'ause sertiOUS dalttage to pulse graits. A 
'tld disease, along wiihI ad verse clitmatic conditilns considerable qutali tvt of the total produce is lost ever' 
have hinder-d tile e.xitsiln ofarea aid prlducLtion of )'ear due to defecttive storage. Insect-pest intfestation 
these crops in the rain seastitl. causespootrgraitt qualit .loss in seed viability. reduction 

For sunlter cultivation tif black gria and ttung iii nutritive value. ;-;id in extreme cases tilegrains may
bean, seeds Must be so\n Mittlit tle second s,eck 0f become unfit for human consumption. 
April foreconoinic )ield realialo:. Due itoinadequate 
soil moisture coupled with the probability of ntiniun 
rainfall during that period. it becomtes difficul to sow Lack of a Marketing System 
the seeds in time (Manalo 1978). Delayed sowing 
causes the crops to mature by the end of June. The Production of pulses is concentrated in a few districts. 
heavy rainfall anL high humidity at this time makes and as aresult there is a slunip soon after harvest in the 
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markets in these areas. Due to lack ofaproper marketing 
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 ofall pulseshave 
increased at the consumers' level, their low price at the 
growers' level and poor yield potential have made their 
cultivation nonrenunierative (Elias et al. 1986). 

Prospects for Improvement 

Varietal Improvement 

1. )evelopnien tofliigh -vieldiigculiivars of different 
pulses, resistant to biotic and abiotic factors. suitable 
for different agroclimatic conditions and responsive to 
high input and managemernt v'.ill go a long way iii 
bringing about a major breakthrough in the pulses 
production of the country. Miuotidi ciplinary research 
is being carried out at tile Bangladesh Agricultural 
Research Institute (BARI) since 1979 to improve piulses 
production ithe country. Twohigh-y eling cuhivars 

iLtingbean, Mubrik and Kani. and one of chick pea. 
Nabin, have already been released for commercial 
cultivation. One high-yieling cuhivar of back gram 
is awaiting releas't'. A number of' lines of different 
pulses, having high yield potentialI.have been identilied 
and are expecled to be .eleased in the near future. 
2. Development iof lickple ,id lerti cuLhivar, with 
ate-sov, irig potential antu higier yields. and cultivars 

of black grari and mung bean suitable for [lie rainy 
season, will bring ibout a,significant iincrease in area 
and production of these pulses. Efforts are being miade 
to achieve these goals. 

Improvement uf Management Practices 

I. Proper manage: ._nt is important for maximum 
yield realization of any crop. Improved malagement 
practices have been developed i achieve higher yiz1ds 
for some of tile pulse varieties already released. De-
velopment, dissemination, and adoption ot improved 
management practices like proper time of sowing, seed 
rate. maintenance of optimun plant stand, seeding. 
application ofmanure and fecrtilizers including micro-
nutrients, and irrgation and plant-protection measures 
for the cultivai0on of different pulses, cal lead to a 
significant increase in the total pulses production of the 
country. 

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

lection, iolation, 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 avital role 
towards increasing the production levels of pulses. 
3. TI.? yield potential of all grain crops is largel) 
determuned by their efficient utilization of available 
solar radiation for dry-matter prvduction and favorable 
partitioning of dry niatter to the seeds. Studies on the 
physiological basis of yield variation under different 
mianagement conditions (in relation to growth habit. 
stature, height, branchirng behavior, nodLilation pattern. 
leaf orientation, crop-growth rate, net assimilation 
rat'. !eaf-area indice., leaf-area duration, canopy ar
ciiitecture. light interc ption by the crop canopy. and 
soure-sink relationshipi are being carried out for the 
developrment of irmprced management practices 
through agronomic manipulati on. 

These investigations may also help breeders de
tennine sotitable ideotype, having higher photosynthetic 
efficieny o:d capable of supplying more assimilates 
during tle pod seting and grain development stages. an 
ilriporlanrt factor in achieving ligl Nelds. 
4. The cost-beilefit ratio of pulse, is high (1.97) 
compared to wheat I1.4-10id booi(witer) rice( 1.39). 
although tile yield po'teninial oflulse crops isvery low 
(Fig. 3). Therefore pulses are generally cultivated by 
poor farirers Asho ca,not afford tire high investient 
req ui red for tile cultivation of other crops (Karim and 
Elias I1986).Availability and adoption of moden 
technology s ill increase the productivity of pulses. As 
a result. farmers will be motivated tocultivate pulses in 
a ,.%ider area. ,, hich wouldconsiderably increase pulses 
production. 
5. Pulses are important components under different 
cropping patterns insome regions ofthe country (Table 
I). Improved nanageient practices with high-yielding 
varieties will increas- the productivity ofall component 
crops vith highernionetary retums(Islam 19891. Thus. 
there is aii ample scope to increase tie 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, 
barley.cotton.maize.andsugarcanearebeingpracticed 
ir, diflerenr regions of the country with success. 
However, experimental evidence shows that use of 
optimum seed ratios of the component crops for mixed 
cropping and maintenance of proper sowing geometry 
of the companion crops in the case of intercropping 
would be very effective for higher economic returns. 
7. The necessary arrangements must be made to 
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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. 

I-
v 

CC 

o 0.8 co

L CBR (Tk Tk) 
]Yield (t ha "1)

Yield 

2.2 
1.8 
1.6 
164 -. 
1.41.2 

1.0 

-tha2cultivation 

2.2 
12.8 
1.6 

- 14 c 
1.2 = 

- 1.1.0 
0.8 >

0.6 ,
0.4 -
0.4-

R0.6 
0.40.4 

0 - 0.2 
Pulses Wheat Boro rice 

Figure 3. Cost-benefit 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 
aus rice or jute during the end of October until the 
sowing of winter crops like wheat, chicl.ea. lentil, etc. 
between the end it October and the first week of 

November. This gapcan be utill/ed to raise llung bean 
erblack gran. Besides. there is some possibility fortie 

of nlung beuin during sunner (March/ 

April). replacing the low,-yielding am rice. Appropri

ate managenlent practices %%ith the availability of high 
yielding, shorl-duration, daylcngth-insensitive. and 
svinchronous cultivars of mung bean and black gram 
having seed doniancy and resistance to biotic and 
abiotic stresses will be very effective in increasing the 

area and produclion of pulses. 

Improvement of Postharvest Technology 

Development of postharvest technologies for ire
chanical threshing. drying. '%nnowing. and suitable 
storage structures , ill significantix reduce losses of 
pulse grains due to defective storage system1s. With 

such technology, pulse grains can be stored at s;ite 
moisture levels (8-10)) after ihe removal of inert 

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

Cropping patterns 

(F)I 

(F) 

(F) 

(F) 

(I)' 

1. (F) 
2. (I) 

B.aus-black gram 
wheat 

B.aus-black gram 
chickpea+linseed 

B.aus-black gram 
lentil+mustard 

B.aus-mung bean 
mustard 

B.aus-mung bean 
mustard 

Crop yield (t hat) 
Monetary returns 

1 11 111 Total (Tk ha') 

0.99 0.70 1.03 2.72 18 896 

1.03 0.63 0.54 2.20 19 602 
(0.31 +0.23) 

1.01 0.65 0.61 2.27 21 744 
(0.22+0.39) 

1.03 0.62 0.68 2.33 25 062 

1.82 0.80 0.95 3.57 36078 

= Farmers pattern (Local cultivars without improved management). 
Improved pattern (High-yielding cutivars with improved management). 

Source: Islam 0t989). 
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material;, seed appendages. and application ofcher-ical 
protectants. Research work in this area has been 
carried out. Containers like fabricated kerosene tin, 
earthen pitcher with polythene lining or coating with 
coal tar have been found itobe advantageous compared 
to traditional storage structures (BARI 1985). 

the Marketing SystemDevelopment (if 

Presently the Government lhas no definite price polic 
or marketing systen for pulses. The market price drops 
sharply duringharvest and theipoor fannersare depri, ed 
ot a proper price tor their produce. A rational price 
p,,lic.aUnd ajine ttctie marketing s stein %.iihthe 
necessars ilirast ro t l 1ci4 biest Lod 1t0Cilu re 

lellileratise prices to the tarmers. This %ill to a great 
es\tcnlt Clcol,;l1e taUnnes to c10th ate 'tl,,es. 

I ina' lt hre hi coluhided that desplte seseral 
constraintls. there is sis ide scope to esplore ad c\phlt 
the prodtuction potetial ofptlses leading to astbstai-

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

G.A. Fakii: From your paper it appears that seedbome 
pathogens affect the seed health quality of pulses. Do 
you advocate routine seed-health tests in the country to 
ensure production and distribution of high quality 
seeds,? 

A.A. Miah: Yes. I suggest developnent of modern 
seed production technology including proper seed
health tests. This is ver important tor tie production 
anid supply of qualit' seeds to tie tanners. 

Ml..."Sattlar: Iiofertilizersarenoms heing produced in 
the country bV the Bitg lade.h Institute of Nuclear 

Agriculture tBINA t. Bangladesh Agricultural Unis'er
si *%BAt.!). and BARI. but not on1a large scale. These 
lertili/ers %\ere lound \e y useftu lin increasing yield 
and nitrogen tixatior of leitilI. chickpea. khesari. and 
nng,bean at diferent places ot tie country. This 

imnprove 	 technology nieeds to be popul;arited.aial ntlitillthe prodticlion of the se inpoirtaltI 
crops. 

Discussion 

A.K.M.B. Rahman: Marketing research conducled 
b\ 	the Department of Agricultural Marke til indicates 
hat iarketng iiarginscoit is not \cry high. The 
tanner's share ii tile consuier lTaka is abtut 8)1 . 

A. A. Miah: A suirs e.report published b\ the Agri-
cultual I:+cii.itOl 'CsIi+,iisIion of Bangladesh Agricul
tural Researchi tlstit L I ARllI icatcd that, at present 
ie(.is eriluen,dleS iiot price andha.e ail, policy 

marketing s),,teri'or ptilses. .\,a resu. :here is a wide 
gap betkcen the pIC pail h\ytilecolsUmers and that 
received h\ the gro\ers. 

oil thinik that leat ,le\ (I.AI) is 
tileliliting factor o gallI legume yI ield in all cases'.' 
Because light peletrtmlil dosii 1nthtie canlop is 
negatively correlated %% 

S.K. Ros : )o 	 area 

ilih IA I. I tlink plint architecture 
and leal orientation are iiaiters to be considered, 

A.A. Miah: . on'i think so. ad Ihave not mentioned 
it in our paper. The yieli potential of legume, is largely 
detennined bx the etficient utilization of asailable 
solar radial ion fordry- matter production aild favorable 
partitioning tifdry matter to the seeds. Besides. other 

A.A. Miah: liim. paper Ihave already suggested the 
use of, hiotertilizer to increase the vield potential of 
pulses. This techno logs\ shtld be made available to 
tarmers. and they should he ,hiivated to adopt it. 

Ml.S. Islam: Pulse crops meet their nitrogen require
nient through biological nitrogen fixation. In your 
paper..\ ou iase eiilihasited oily biof'erilizer. \What 
do you think about the other deficient nutrients? Is it 
not necessary to provide an adequate supply so as to 
increase yield of pulses'? 

A.A. Miah: Judicious application of different nertilii
ers depending on soil-nutrient status is very inportant 

to increase the productivity of any crop and this is true 
for pulses as w.eil. biofertilizer.I have emphasized 
because it is a potential area and very little work has 
been dine oti this aspect. 

M.A. Bakr: You have mentioned that the production 
of blackgraincanbe increased bygrowing itinausrice
black grai-wheat cropping pattern. Would ycj please 
let us kilow what percentage of cultivated area at 

present is under this pattern'? 

A.A. Miah: Ido not have the exact percentage of total 
cultivated area available for black gram cultivation 
under this pattern. However. a vast area of medium and 

high lands, particularly in the northern parts of the 
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country, are left fallow after the hanest ofaus rice or 
jute during August to October uriil the sowving of 
winter crops like ssvheat. chickpea. and lentil. Tlis gap 
call he utilized for the cultivation of black grant or 
inung beatn. 

M.S. Chodhar: I. )oes Ilo, response olfpulse 
crops to high InptL Iindicate lok -%ield pOteiial'.' 
is the high-s i Iedpotential of Nabin chickpea cultis ar 
due to itsresponse to high ilptis. 
2. Is lIosser or pod drop ductoo Itrogen tisatron 
during plod dsetlopMCt or due toe,ourlCC 1linltatt1,1i.' It 
there is ai increase fii rtiobial ac+tist\ iidurtn pod
de.,loprllltl. there 11,\niabe ioe pod tllp he..se 
noreassinimilates ksIll bedtiilred t) nodulest ot 1littouci 
h+atinn b% the nIicrobes. Please co'tin1ieuit 

A.A. X7iah: 1. Ycs, loh\ response If pllse, it high 
11111111s iait1\(due to Inherent los ICnLlpOIkiat ofis 

Iocal culltiars. Nabin is nga hgh-' ,iels nirlpt\lsed 
cultus ar and respiind', 1t high inputs 
2. fhosser drop in pulses cc0utirs due Ito ,ourk,. 111111-
ltln. partIcularl\ not due tolossnirogen ti\ation b\ 
their root nlodules. Yes. I agree \ lrnlc ,le illskth so,. 

rhwobhal acti 
 it\ durii g pod sttilng anid deseClnpniillt
iII lead tohinigl'rpd}drop.l Su.ltabl,: idets pe,,has g 

piiuhred le;t11r.a dl1iori it 1111L,,ase plto .theuc 
ifltc ienc duritlg liod seltt ill and pl.\el ll Mlorid 

pod drop. 

M.A.Q. Shaikh: Wh+at are tre reasons for lie little oi 
Ilnctul1l% tllti 11uninftnuii kt bleai.ack atter (111 ricegran 
orjute until soss in1g of the \k uniter c.ropl. though there Is 
a gap s hich son hae%nlriorredll \our paper.' 

A.A. Miah: Lack of hgri-,Ieldng. short-dUratioti.
 
d..\ lengrh-insensisle %arel.tis k%
ith s) oclrtrolt1s na-

Itlril. seed doirnriarcl . arid resist.11ce to biotic and
 
abiotic stresses. are the limiing factor 
 for tie cultis atiot 
ofl tllUing bean arid black grant during late tri0InsootiI 

season. 
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Physiological Aspects of Yield Improveinent in Mung bean 
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lI.nstitule of Post Graduate Studies inAgriculture. Salna, Bangladesh: 2.Crop Husbandry Laboratory, Faculty of Agriculture,
Kyushu University, Hakozaki. Fukuoka. 812. Japan. 3.Bangladesh Agricultural Research Institute. Joydebpur, Bangladesh 

Abstract 

The reasonsfor lowyieldpotential in mung bean (Vigna radiata (L.) Wilc:ek) are discussed, using sorre 
physiological parameters that regulate crop growth and developmental processes. A slow rate ofearly 
vegetative growth contributes, at least indirectly, towards lower yield. However, there is potential for 
improvement. Light and temperature optima for marinal photosynthetic rates have been evaluated. 
Greater demandfor N and low uptakefrom soil accentuates N remobilikation from leaves resulting in 
rapid decline in leafphotosyntheticactivities. It has been suggested that i:provement ofsource strength 
through adequate Nfertilikation would stop or reduce remobili:ationofphotosynthatesfrom leaves and 
abscission ofreproductive organs. An equationfor the yield-density relationship in mung bean has also 
been worked out. 

Introduction 

The yield of mung bean (Vignaradiata (L.) Wilciek) 
iscomparatively lowerthan othergrain legumes (Rachie 
and Roberts 1974), Unlike cereals, research on grain 
legumes, except soybean, has been inadequate and 
hence the understanding ofthe basis ofyield is limited, 
Over the past three decades there has been z'dramatic 
improvement in the yield of cereal grains. This was 
achieved by manipulation of the genetic make up and 
physiological characteristics of these crops. Such a 
breakthrough in the seed yield of grain legumes by 
genetic means or cultural manipulation has not been 
po:.''ble so far. Some sporadic studies carried out in 
national and international research centers indicate that 
the lower yield of mung bean is due to short growth 
duration, particularly the slow rate of dry-matter ac-
cumulation prior to flowering, unfavorable canopy 
structure, non-responsiveness to fertilizer application, 
qtc. This paper discusses some physiological features 
of mung bean with aview todetermining the characers 
which control yield and to ascertain whether any of 
those charactes could either be used as indices for 
selection and breed ing for high yield or as abasis for 
Mproi ng cultural ractices. 

Plant Growth and Leaf-area )evelopment 

Leaf area is an important component that is closely 
related to the physiol,'gical processes controlling yield 
and dry-matter production. Seed yield iai a broade' 
sense depends on the size,duration, and activity of the 
source and the s..ink capacity. Source size and it " 
activity regulate the hate of dry-matter accumulation. 
An eflicient plan: teids to attain optinjum leaf-area 
index (LAI)tomaxim,' light interception immediately 
aftergermination(Kuoetal. 1978). Studiescond,:,ted 
in Bangladesh (liswas 1988; Matsunaga et ai. 1989) 
and elsewhere (Kuo et a!. 1978: Trung and Yoshida 
1985) showed that the canopy development of mung 
bean prior to flowering is very slow. It was observed 
that mung bean plants developed less' than 50% of 
canopy prior to flowering (Biswas 1988). Total dry
matter produced prior to flowering was arouad 2014 of 
total dry-matter attained at maturity. Maximum crop 
growth fate (COR) synchronized with the attainment 
of maximum leaf mass immediately after flowering 
which was also for a very brief period (Fig. I). Dry
matteraccumulationafterfloweringgreatlyinfluences 
seed yield, for most of the photosynthate produced at 
this stage is used for pod and seed development. It 

Citation: BAR[ (Ibangladesh Agricultural Research Institute.1991, Advanres inPulses Research inBangladesh: proceedings of the Second 
National Workshop on Puaes,. 6-8 Jun 1989, Joydcbpw. Bangladesh. Patancheru. AP.502 324, India: International Crops Rtseach Istitute ftr 
the
Semi-Arid Tropics. 
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Figure 1. Time course of dry-matter accumu-
lation in leaves, stems, roots, and pods of 
mung bean (B!sw4s 1988). 
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Figure 2. Seasonal change In dry-mattor weight and leaf area index (LAI) of mung bean 
Matsunaga et al. 1989). 
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curvature when illuminated by light from a unidirec- response to environmental variations may contribute
tional source. Application of etherel during the early substantivlly to the understanding of factors which
vegetative phase of soybean and azuki bean is reported influene the rate ofdry-matter accumulation and yield
to have improved canopy structure and light intercep- formation. Our studies with mung bean under acon
lion. trolled environment suggest that the light requirement 

of mung bean fb achieving high photosynthetic rates 
is quite high wheii compared with other C, plants

Photosynthetic Characteristics (Leverenz 1987). As shown in Figure 3 the net 
photosynthesis (Pn) increases with increasing lightProduction of biomass and yield in crop plants largely intensity. attaining a plateau at :'-ound 14(X) ptnol m 2 

depends on the function of leaf-area development and s'heyond which any further increase in light intensity
consequential photosynthetic activity. High photo- does not cause any improvement inPn. indicating light
synthetic rates generally are capable of producing high satura:ion of photosynthc.,is (Hatuid et al. 1990).
levels of biomass (Planchon IT979). hut a tdire,.'t rela- A quadratic relationship ofthe tenperature response of
tionship between econonic yield alnd photlosynthetic mutig heau photosynthesis is shown in Figure 4. 
rate is hardly ever achiCVr'Y (Limhers 1987). Varia- Maxiniumi photosynthetic rate was obtained at a leaf 
ions in photosynthetic rates aniong species (tteskeili temperature of aroltinl 25"' with :ageneral declining
I983):and within species (l)ornhofffantL Shibles I97) trend on lurther increase of' leaf temperature. How
have been reportel. MLg hea is aC,plant. Srini ever.asan i separate study co iducled under a cttrolled 
etal.(1985) reported maximu i 141010-aILies of rlei environment revealed that the photosynthetic response
synthesis rate. 13.2 milg -h ' hich is inmuch- 3().) Lill t1nung bean varies greatly depending oilthe tempera
lower than C,cereals like rice (Tanaka etal.I1)66) and lure regime tinder which the plants are grown. Table I 
wheat (Planclioi 1)79). The leaf-photosy, :ietic rate slto%%s that the niaxitit photosyttletic rate of niUngis los ati the beginning aid increases progressively, beau grow ii at 21'( was_2.6 p.iiol ils '. wiich 
reaching a peak itaround the first Ie'scl,,uin after ' pped sharply to I 1.3ptinolii:s for plantsgrowvn at
which it starts declining (Srinivasan ,'tal. 1985: Mitra 3t"C. The conspicuous varictal difference itnPn due to 
and Ghildyal 1988). As tile crop approaches tiurity variation ingroWti tiipe rMtLire is also apparent. It
the photosynthetic rate drops to about 2"' of its appears ihat allhtmgh miu:ig bean is adaptable under 
maximllumll. hot. I I id e' Virninient s. its yied pe rfoniaice cannot
FPhotosynthet; -. irh n assimilation inacrop coinlit  he expected to he highIll tile hotter months when mean 
nity' isinfluenced by numitierous biophysical factors aid lemperatur,: rises beyond 25C unless temperature
therefore studies o,the fluctuations in gas exchange in tolerant varieties arc developed. 
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Figure 3. Response of leaf photosynthesis of Figure 4. Response to leaf photosynthesis of 
mung bean to light intensity (Hamid et al. mung bean to temperature (Hamld et al. 
1990). 1990). 
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Table 1.Effect of growth temperature on the maximum 
photosynthetic rate (P,) oftwo cultivars of mung bean. 

CL.tiars 
Temperature 
regime (0C) MB 7706 BSL Local 

P._ (mol m sec 1) 

20 22.6 18.5 
2530 15.511.3 12.07.8 

Nitrogen Nutrition 

One of the probable reasons for low yield of grain 
legumes in general is high requirement of nitrogen for 
the formation and levelopment of prominent grains 
stands (Alberda and Bower 1983). To produce one unit 
of seeds, mung bean needs as much as three times mo,'e 
nitrogen than that needed by cereals like rice (7in,.!ai' 
and de Wit 1975). Mung bean requires a li:,e amount 
of nutients in 2-3 periods (Trung and Yoshida 1985). 
The former peak in the vegetat:,,e period is for the 
development of vegetati. :structur,.'s and the latter 
peak in the repr, Iuctivc phase is mainly to, the pro-
doction and development ofsecds. Mung hea! needs 
much more N at the reproductive stage than iidoes in 
the vegetative stage. In a recent -tudy Mitra et al. 
(1988) showed that a .',oderate-yielding mung bean 
crop requires 27.86 mg N g ' photosynthate during the 
first 20days of pod and seed development. Conversely, 
nmtrient uptake "'.c tlowering either slows down or 
stops because of iroot inactivation during the repro-
ductive phase. During this period less than 4tY7Z of N 
required for sustainijig erowth and development is 
ob,ai;Aed from the soi! ,.nnl,,M:'ra et al. 1988) while 
most of the N demand for grain developmtent is met 
through the remobilization of N and assimilates frcma 
the lea-, ts or other organs. T!is transportation of N to 
seed is an essential feature in the reproductive phase. 
Such remobilization enhances early senescence and 
reduces grain growth duration: the phenomenon which 
';inlair anti de Wit (1975) referred to as "self de-
struction" ef 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 1985). Much of the source 
limitatici;, particularly in the reproductive phase, can 

be attributed to the N remobilization from photosyn
thesizing organs. Development of pods and seeds 
relies almost wholly on current photosynthesis during 
the post-flowering period. Photosynthetic activity 's 
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 flor leaves to grains and devel
oping tissues might be the reason for such a drastic 
reductiot in leaf N concentration, It is probable thatrdcini efNcnetain ti rbbeta

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 
substantial increase in seed yield through foliar appli
cation of urea at the reproductive stage. 

Flowering and Abscission of Reproductive
 
Organs
 

Mung bean produces a !arge number of flowers but the 
greater portion of them abscise without fonning pods. 
Abscission of reproductive organs might be one of the 
possible reasons for the lower yield. Several reports 
(Kaul et tl. 1976: Savitri et al. 1978) indicated alarm
ingly high ratesoftlowerabscission in mung bean. The 
extent oi'lloserabscission, however. varies depending 
on tile season iMatsunaga 1989). Ingrowing et al. 
summer the rate of pod set was less than 30%. It was 
about 8517 in autumn and 4114 in the rainy season. But 
in absoiuite value the highest number of pod set was 
found inthe plants grov'. in summer. In an earlier 
report (Hamid 1989) it .'as shown that retention of 
flowers and pod set is somewhat source-limited, It 
might be pos;ible to increase seed yield if the flow,,r 
abscission were controlled or reduced througf- in
creasing source capacity. 

Yield Analysis 

Graia yield per unit ;,,ea is a function of yield of 
individual plants and population density. Plantyieldis 
governed by number of pods plant, number of seeds 
pod', and unit seed weight. Broh yield and yield 
attributes are markedly influenced by population 
density. At wider spacing the plant develops more 
branchesbutthecontributionofsecondaryandter: ry 
branches towards grain yield is negligibie (Hamid, 
unpublished). Variation in grain yield was mairly due 
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Table 2. Plant density effects on plant characters and 
grain yield of munig bean cultivar MB 7706. 

Seed weight (gplant") 
Plant density 
(no. m ') Main stem Primary branch Total 

3.7 5.21 2.06 7.27 
10 3.61 0.67 4.2a 
23 2.90 0.46 3.36 
35 2.50 0.24 2.74 
51 2.30 0.18 2.48 

156 0.09 0.00 0.09 
-

to an increase in the number of pods plant which was 
accentuted by the increasing pod-bearing branches at 
lowerdensity(Table2). If thegrain}/ield pcr unitarea 
isplotted against density, a,parabolic curve isobtained 
(Fig. 51. It appears that optimum density for higher 
yield should be somewhere between 50 and 60 plants 
in2. When Table 2and Figure5 are viewed in conjuction 
it will be apparent that for maximizing yield the plant 
should have few branches and most of the pods should 
be in the main stem. 

150 -Y -27.488 +2.31 D - 0.016 D2 

E 120 o 

90 

>" 60 

(. 30 
"* 

0 
0 

20 40 60 80 100 120 140 160 
Plant density (no. M-2) 

-igure 5. Pintdensity eflert on the grain yield 
of mung bean (Hamid ,i9). 

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 

adequate. The research results discussed in the 
preceeding paragraphs are based mostly on some 
fundamental studies conducted tinder 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 leaf-photosynthetic rates has not been successful 
so far. While leaf-photosynthetic rate at a particular 
growth stage may shed light oil the biophysical factors 
regulating carbon assimilation, in aselection process 
growth analysis still seems to be abeiterand convenient 
tool from the practical standpeint. Growth hormones 
might be invo!ved in abscission of reproductive organs 
or remobilization ot photosyntnates, but this has not 
been studied as yc'. Studies aining at improvement of 
source capacity and increasing the duration of the 
reproductive phase may be worth attempting. 

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

A. Sarker: Is there any way to synchronize the pho
tosynthesis and nitrogen fixation time, in order toachieve 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 does 
not drop very rapidly but nitrogen fixation does not 
keep pace with tile Pu rates. Our breeding strategies 
would be to develop varieties capable of reanning high 
nitrogenase activity at the end of the pod development 

stage which is 20-30 days after flowering. 

M.S. Hoque: There is no doubt that the requirement of 
N for pulse crops is higher than many other crops. But 
the important poiut is 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 fertilizer can be syn
chronizedwiththedemandofthemungbeanplantthe 
photosynthetic activity as well as the dry-matter pro
duction can be improved. In ourstudies we noticed that 
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foliar application of urea at around flower initiation 
increases leaf aitrogen 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 mut;g bean perhaps is 
tile lowest among the grain legumes. IlowevcriltI 
required N duiring ;ost-anthesis per to is supplied 
through biological nitrogen fixation that ill help 
reduce the nitrogen fertilization cost. 

M.S.. Chowdhury: What is the reason for the drop ili 
photosynthetic rate at saturation condition? Was it due 
to leaf wi ting frem root dam age canused by saturation? 

A. 1iamid: Leaf conductancc or the reciprocals of 

to soil saturation wasresistances in phlts subjected 

close to zero. Plant \kater potential did not limit 

transportation. The drop in photosynthetic rate was 
therefore caused by the closure of stomata which 
resulted in the drop in conductance. 

S.K. Roy: It seems strange to me that tie LAI of in ung 

bean was 7 1.0 ill autumn. Can't %sincrease LAI singly 

by increasing tile seed rate in autuinn? 

A. Harid: Perhaps not. At low temperatures plant 

growth is retarded and when teiiiperature taIlls to 15"C 
or lower, tile growth stops totally. Autumn-grown 
plants Might have encoutuiered low temniperature before 

or at flowering, which retarded leaf area development 

and flowering. Increasing the seed rate will definitely 

help increase leaf area at the vegetative stage at flow-

ering or ,fter 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 
bean (Vigna radiata (L.) Wilc:ek), black gram (Vigna mungo (L.) Hepper), lentil (Lens culinaris Medic.), 
khesari (Lathyrus sativus L.), and chickpea (Cicer arietinum L.) have been carried out at the Bangladesh 
Agricultural University (BA U) and the Bangladesh Institute ofNuclear Agriculture (BINA), Mymensingh, 
since 1977. In pot andfield experimentsyield increases of25 to 70% were obtained with these pulses. 
The most effective strains were BA U 604 and TAL 441 on mung bean, BAU 502 and 510 on black gram; 
BAU 416,421, and 439 on khesari; BAU i03,L,, L,, and TAL 638 on lentil; and BA U 16 and 24, and CP 
2200, and Y29 on chickpea. Anong thefour strainsfir chickpea, BAU 16 showed higher viability than 
any of the other three in different inoculants preparedwith peat, sawdust, and soil materialsas the 
carriers. Field trials with khesari and black gran indicated that 20-40 g of inoculant with 109 viable 
rhizobia g'vwere sufficient to produce the desired dry matter andyield. Strains dAU 439 andBAU 444 
maintained relatively higher viability up to I w temperature.weeks of storage at room Combined 
inoculation with Rhizobiurn sp. phosphate dissolving mictroorganisms,and Vesicular-ArhuscularMy
corrhi:ae (VAM) at different levels ofurea, triple super phosphate (TSP), andpesticides at seven locations 
produced better crop growth, nodulation, dr ' matter, seed and hay yields, and increasedfixation 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 Results and Discussion 

Nitrogen is the most limiting element in the soils of Collection, Authentication, and Maintenance of 
Bangladesh. Legumes fix atmospheric nitrogen for Rhizobium Culture 
their growth if inoculated with proper strains of Rhi
:obiun. Through microbiological research, the most After collecting nodules from fields in different re
suitable Rhizobiutn bacteria can be isolated, screened, gions of the country many rhizobia strains have been 
and niass-cultured for use as bacterial inoculants. This isolated in the laboratories at BAU and BINA. A 
can reduce the requirement of nitrogen for cultivating number of strains have also been obtained from the 
legume crops. In Bangladesh. biological nitrogen- Nitrogen Fixation by Tropical Agricultural Legumes 
fixation studies with pulse crops are being carried out (NiITAL) project, Hawaii. LISA: the Rothamsted Ex
mainly at the Bangladesh Agricultural University periniental Station, United Kingdom: the Biological 
(BAU), Bangladesh Agricultural Research Institute Nitrogen Fixation Resource Centre (BNFRC). 
(BARI), and Bangladesh Institute of Nuclear Agri- Bangkok, Thailand: the Indian Agricultural Research 
culture (BINA). In this paper, the microbiological Insliture (IARI): the International Crops Research In
research studies on pulses carried out at BAU and stitute for the Semi-Arid Tropics, (ICRISAT), India; 
BINA have been reviewed since the First National International Center for Agricultural Research in the 
Workshop on pulses, held at BARI, Joydebpur, in Dry Areas (ICARDA), Syria; and from other sources. 
August 1981. 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: International Crops Research Institute 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 
atBAUandBINA. Everyyearnewadditionsaremade. 

Response to Rhizobium Inculation 

Many pot and field experiments were carried out to 
study the response ofkhesari (LathvrussativusL., lentil 
(Lensculinaris Medic.), mung bean (Vignaradiata(L.) 
Wilczek), chickpea (Ci'er arietinum L.), and black 
gram (Vigna mungo (L.) Hepper) to rhizobia inocula-
tion, and to evaluate the effectiveness of different 
strains of rhizobia on these pulses. Distinct beneficial 
effects of Rhizohitm inoculation have been observed 
in respec: of nodule foniation, nodule mass, shoot dry 
inatter, aid grain ield ofkhesari, lentil and iung bean 
(Tables 1, 2, 3). Data in Table I show that 'hiere were 
significant increases in nodule number and nodule 
mass per plant, shoot dry matter. and grain yield of 
three khesari cultivars due to Rhiohiuon inoculation 
(Alam et al. 19881. The effect was more pronounced in 
the cultivar V-3969 than the local and Paharali culti-
vars used in the stud'. Table 2shows the influence of 
Rhizohioro inoculation on nodule fonation and grain 

yield of lentil (Hoque 1988a). There was asignificant 
increaseinshootdrymatterandgrainyieldoflentildue 
to application of urea-N and the effect was more 
pronounced in the presence of P and K application. 
Rhiiohioim inoculation gave 70% more grain yield than 
noninoculated control. Yield was 961;' 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 to 47% 
increase in the grain yield of mung 'ean over 
noninoculated control in 1984/95 while application of 
50 kg urea-N failed to produce marked increase in 
mung bean yield (Bhuiya et al. 1985). The strain BAU 
6(14 appeared best and strains BAU 6(16 and TAL 441 
were equally effective (Table 3). 

The results also show that inoculation with differ
ent strains of rhiztobia produced higher number of 
nodules and shoot dry matter per plant compared to 
control treatments. Strains of rhizobia responded dif'
ferentlv with lentil in different soils (Sattar and Podder 
1988). The strain L, recorded the highest number of 
nodules, dry matter, and grain and hay yields with 
Comilla. Mymensingh. Bograand Rajshahi soils, while 
the strain L. did best with Jessore and Pabna soils. The 
strain L1, performed better in Dinajpur soil. The 
maximum shoot mass in Faridpur soil and grain yield 

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

Nodule no. plant-' 

Treatment Main root Branch root 
Nodule mass 

(gplant ') 
Shoot mass 
(gplant' ) 

Grain yield 
(kg ha') 

%Yield 
increase 

Var. local 

Noninoculated 7.2d' 6.2c 0.008b 0.203ah 802b 
Inoculated 9.Iab 7.8abc 0.01 Ia 0.233a 952ab 19 

Var. 3968 

Noninoculated 7.7bc 7.5bc 0.09b 0.173b 845b 5 
Inoculated 10.0a 9.6a 0.01 la 0.217a 997a 24 

Var. Pahartali 

Noninoculated 7.5cd 6.7bc 0.008b 0.168b 815b 2 
Inoculated 9.4ab 9.3ab 0.01Oab 0.207ab 972a 21 

SE ±0.41 ±0.61 ±0.0005 ±0.012 ±47 

t. 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' (gplant-') (g plant-') no. plant I (kg ha') increase 

Control 1.0c 0.7b 0.09ab 10.1 235e 

(Noninoculated) 
N1 lOe 0.8b 0.1 la 10.8 348cd 48 
K LIc 0.7b 0.08b 11.1 283de 20 
NPK 1.7c 1.6b 0.1 la 14.4 4l abc 75 
Inoculated 5.7b 3.6ab 0.10a 11.5 400bk 70 
PK+Inoculated 9.3a 6.5a 0.1 la 12.6 461ab 96 
NPK+Inoculated 8.5a 6.3a 0.12a 14.5 484a 106 

SE ±0.8 ±1.2 ±0.07 ±NS ±24.8 

1. N =nitrogen. P=phosphorus, K = potassium. 
2. Values followed by the same letters within acolumn do not differ significantly front each other at the 0.05 level. 

in Khulna soil were recorded by strain L,. File appli- Local inoculants were better than tile exotic inoculants 
cation of sma!I doses of trea at 20-31) kg N ha I with in nearly all the cases. 
inoculants gave high yield in lentil. Higher doses ofN 
drastically reduced nodluhilat ion ad vield. TSP applica
tion up to 60 kg P 0, ha ' favored inocul.ton response Screening and Selection of Effective Rhizbobia 
in recording higher nodulation atd yield of lentil iand Strains 
chickpea (Sattar et all. 1987: Satar aid Podder. I188. 
N itrogen appl ication %kith intocuttts showed negative Man trials have been conducted in greenhouse and ill 

results in some studies. I ields on the effectiveness of different strains of rhi-
Better perforna nce of rhizobial tnixed-cnlture it- iobiacollected ltcally and frot abroad. Sorte results 

octlations over single culture on chickpea were ob- are reported below. 
served in several field txperitncnts (Sattaret al. 1988). Results of' pot-culturc 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 %yteld 
Treatment no. plant (g plant ') (g plant ' fkg ha i increase 

Control 1.6be' 0.002b 1.69c 660d 
(Noninoculated) 

NT 2BAU 502 NT NT NT NT 
BAU 604 4. [a 0.004ab 3.17a 972a 47 
BAU 606 3.2ab 0.003ab 3.85ab 818b 24 
TAL 441 3.9a 0.004ab 2.30b 740cd 12 
Mixed culture 3.Oab 0.005a 2.15b 920ab 39 
Urea-N (50 kg ha') 1.0c 0.001b 1.69c 705cd 7 

SE ±0.6 ±42.3-±0.20 

I. Values followed by the same letters wit!hin 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 451 gave identical but higher shoot dry matter 
and shoot N content than others. Data ofa similar trial 
with lentil indicate that from anong 7local and 2exotic 
strains studied, BIAU 303. BIAU 344, and BIAU 346 
(local) and TAL 638 (exotic) were found equally 
promising and beler than others in producing shoot dry 
matter (Hoque 1988b). Pot-culture studies with black 
gram rhizobia have shown that out of'9 isolates tested, 
BAU 516, BAU 517. BALI 518. and BAU 519 were 
most promising in iernlms of noduIc l narntitin andi 
producing shoot grow th of the crop. The highest sho l 
N content of 3.39:, %,Usnoted in BAU 516 and BA1,1 
519 coinpa rcd to 2.25 '. in tlie cottrol pot (Bhuiya ci a . 
1983). 

Performance otfdifferent strains ofkhesari 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 BIAU 416 appeared 
to be the best strain in producing nodule number and 
grain yield in all the locations at BAU. Mymensingh, at 
Ishurdi and at Jessore farms (Table 4). BALI 421 gave
the next best results at the BAU farm. in a 1983/84 
wintertrial BAU416and 13AU 444 performed betterat 
the BAU fami. In the case of lentil. 13AU 303 and TAL 
638 were found to he more effective than any other 
strain in a 1987/88 winter trial (-loLlie 1988b). The 
black gram isolate BIAU 501 was more promising in 
1981/82 winter trial (1 Ihuiya et al. 1982) and 13AU 502 
and BAU 504 performed better in 1982/83 winter trial 
(Bhuiya el al. 1983). Five strains of lentil (L,, I-, L, 

.I,,l, and L,,I) were found promising in extensive field 
experiments conducted at seven different locations in 
Bangladesh iSattar ct al. 1987). 

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

Treatment 
Nodule no. 

plant 
Dry matter 
(g plant ) 

Grain yield 
(t ha 'I 

'7 yield 
increase 

BALI 

Control 
(Noninoculated) 

2.5a' 0.57b 0.80a 

BAU 416 
BAU 421 
BAU 424 

4.2b 
3.5ab 
3.2ab 

0.82a 
0.74a 
0.70ab 

1.37b 
1.30a 
1.23a 

71 
62 
54 

Ishurdi 

Control 
(Noninoculated) 

4.5b 1.95b 1.96 

BAU 416 
BAU 421 
BAU 424 

7.5a 
6.3ab 
6.5ab 

2.88a 
3.00a 
2.98a 

2.45 
1.96 
2.05 

25 
0 
4 

Jessore 

Control 

(Noninoculated) 
5.Ib 0.26b 1.61 

BAU 416 
BAU 421 
BAU 424 

7.8a 
7.4a 
6.9a 

0.34a 
0.31a 
0.29ab 

1.94 
2.05 
1.69 

20 
27 
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 to study 
the interaction between crop variety and Rhizobiuin 
strain did not show any preference of any Rhi.ohiunm 
strain to any crop cultivar. Strains BAU 439 and BAU 
444 as well as their mixed culture were more promising 
on local and charbadna cultivars of khesari in farmers" 
fields at Fulbaria upazila. Mymensingh lBlhuiya et al. 
1984). Thesestrainsalsoprfomed similarly inanother 
trial in Jamalpur Iann (IBhuiya et al. 1984). Strain 
BAU 421 was more effective on local and Jamalpur 
cultivarsin another trialconductcd at HAL' farm during 
winter. 1984/85. In black grmu BAU 502 1And50I 
were found more effective than other, oit the local 
variety and 2038 culhivar Bhhuia ei a]. I98(). DOtile 
'llack gram cultivar T 9. tile strains B.A\L 5 II and 511 
%%ere iore effective (BhluiNva Ct a) I984). Significant 
variations of differem nos-rhi,'ohia conbitnations in 
plant mass. nodulation. dry matter. grain 'ield, alld 
nitrogen uptake were observed in chickpea (Ptotdder 
and Habibullah 1982). Different gelnplasn line/ 
InUtants ofc i ickpea resp tnded il i fferentI lto Ihi:houa 
inoculation in auigieniitig yield and vild -cotitribhub itl 
characters. The increase in the nitrocen li',ation rate Af 
chickpea lines due to inoculations ,, 34-126( , th, 
highest fixation being \ith tie gerrnplasti G 97 73 kg 
N ha ') follo, ed by G 296 (I71 K, N ha 'i. antl I('CT 5 
(65 kg N hIa' ISattar et al. IIt.XS The perceitage 
increase over notinoculated control for G97 %..is1116. 
fu G 296, 126. and for ICCT 5. 69. 

Survival of Rhizobia in Inoculants During 
Storage 

Survival of khesari rhizobia in the inoculans prepared 
with BAU 439 and HAU 444 using peat. sawdust, and 
charcoal as carrier materiids was studied tip to 75 days 
of storage at room temperature (Bhuiya et al. 19831. 
The survival rate of both BAL"439 atnd BAU 444 was 
much higher in tile peat carrier than in either of ite 
other tv,o materials. Storage up to 75 days shtox.ed as 
ticl as I. 1 x 10" viable cells (g inOculuant ' prepared 

with either of these strains of rhizobia.t In anotlher 
survival study with chickpea rhizobia by Khanar etal. 
( 1984), it was observed that tie strain HAU 16 in peat-
based inoculant showed very high survival of2.2 x 10" 
(g inoculant) after 75 days of storage at room tern-
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 cell' (g inocu-

lant)' in sawdust-based inoculants. Several field trials 
during winter 1982/83 (Bhuiya et al. 1983) showed that 
20 or 40 g of peat-based inoculants having approxi
mately 10" viable rnizobia g l would be sufficient for 
inoculating I kg seeIs to produce desired dry matter 
and grain yield ot khesari and black gram. 

Studies with Vasicuiar-Arbuscular Mycorrhizae 
VAMI and Phosphate-Dissolving 

Microorganisms 

Response of'chickpea to VAM culture was evaluated in 
a1)pot-culture experiment. Significant response due to 
\'.M inoculation %%asrecorded in respect of growth, 
nodulalion. and vield ofthe crop. File benefit was more 
pronounced %k incorporated at 30 kghen phosphate was 
P,), ha ' Sattar and Roy 1989). Nodulalion, dry, 
nnaler, and yield of lentil .kert: improved by the in
oc'Iat ion ot phOsphllate-dissolving cultures (AOsLrgilhs 

ttttuFt i/tttvr I,. and B. mngaerium 
TSR 111I.Eflective nodules, nodule Mass dry matter. 
:1r1d grain . ield kerc maxiritn x,hen inoculated with 
local isolalte IB,mgttcrtoun TSR 111)in presence of 
ISP al 30)kg I', hta ' Sattar et al 1986). Among the 
single-and coMtpits ite-c ItLire itreaiments, Ghmlons, and 
Rtti:ion and G/ohtc gave the highest yield in 
chickpea ISattar lnd Rov 1989). Beneficial effects of 
CoLmthinted inioculalion of Rhi:obiom. phosphate-dis
solving microorganisns and VANI have also been 
obtaiied over indiv idual strains. 

Production of Inoculants 

Small-scale ptroduction off bacterial inoculants and 
distribution among the fanners were initiated at the 
Department ofSoil Science about idecade ago (Hoque 
1988a). At present tile inoculant isbeing produced on 
a small scale at BAL and HINA for use in tile cultiva
tint of tlung beat. black grait, chickpea, and khesari. 

Recommendations 

Nficrobial inoculants could be a cheaper alternative 
wvhen compared with rite costly synthetic fertilizers. 

Greater emphasis should be laid ont 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 
Rhizohium inoculation on the yield ofdiffeient pulses, 
in most cases you have counted nodules and measured 
their dry mass only once. May I request 'ot to study 
the nodulation pattern at differell stages of growth? 
This will enable you to interpret res tilts properlV and 
help in s.reening .nd selection of eff1cct've strains ol 
rhizobia. When did you count nodules? 

M.S. Hoque: In most ol'our studies, we have recorded 
nodule count and Massnlof noduiles alt rIo gros. th sage" 
of the diflerent pulses. l' ut lir fiung beani. lentil, and 
black gram, a one-time ohervatioi ot 40)- 55 days has 
been flound satistfaclorv r these shorr-durationi cro ps. 

S.K. Roy: tl'ocuhmn bacteria die in nian cases if they 
come inl contact with direct SunLliIhrt. What is O(ir 
suggestion to the arrniers tho want to smo seed in tile 
middle of the dry season*? How can fairiers. store 
inoculurii for i longer period. say 011Cfron oneSton to 
another? 

1A.S. Hoque: It is suggested that the ilticLikted sceds 
should he sown in the field either in the morning or late 
afternoon. Bill. ifthe flirmicrs have rio other choice hl 
to sew tie seeds in the miidday sun they should cover 
the land iruniateaelyaftersow inig sothat tle inoculated 
.ceds are not exposed to the scorching sun for a long 
time. Howsc, cr. it is not advisable to sow tile inoculated 
seeds in the hot sLilr. 

M. 0. Islam: Ill our observation IIslanii el aI. 1987. 
Annals of Agriculture Vol.8 (2)] we found that there 
exists clear variability ariong the genoltypes for 
nodulation under nom:il field conditions. It has also 
been established that specific host genotypic x Rhi-o-
hinao interactions exist. So. could we iecormrnind 
hiofertilizer in general instead of a specific Rhi:ohioan 
inoculum Ior specific cultivars in chickpea? 

M.S. Hoque. We do not have many studies on the 
interaction of host genotype x Rhi-ohion interaction 

with chickpea. Some studies with khesari, mung bean 
andblackgram cultiwarsxRhi.obium strain interaction 
have shown very little interaction effect among differ
ent cultivars of a crop with difterent rhizobia strains. 

M.A. Bakr: From your paper it is clear that tile appli
cation of bio-fertilizer has distinct merit in increasing 
yield of pulses. Why are efforts not made to make it 
available to the end users? 

M.S.Haque: I think this workshop can suggest appro
priate measures 'formaking the biofertilizers available 
to the end users. 

M.A. Newaz: I. There is genetic variation of symbi
otic effica.cy am1ong both pulse genotyes and rhizobia 
strains. Lnirder tiis situation how woL I d .io propose to 
rationali/e birlertilizer recommendation for different 
land...ces used by the faniers? 
2. If you .iggesl "miAixed cuLhure-, then how many 
strains should be combined for commercial use'? 

M.S. Hoque: I. Ill our studies with crops like mung 
bean, black gram. arid khesari on crop cuItivar x Rhi
zohi strain interaction we have seen little such 
interaction effect. 
2. At tile ionent. we (io not suggest t lieIuse t f'any 
mixed culture. 

I).(G. Faris: Are there phlas to producce rhizobia strains 
conimercially by a private company or i govemnilert 
enterprise? 

M.S. Hoque: There has not been any initiative fron the 
government as yet for tile cori niercialI production of 
rhizobia inoculants. 

Until now the Department of Soil Science of 
Bangladesh Agricultural University has been produc
ing sorte anount ol inoculants for use ininung bean 
and kliesari and distributing it to Ihie fanirs througi 
Bangladesh Agricultural Development Corporation 
(BADC). Mennonite Central Committee (MCC), and 
the BAU Agriculture Extension Project. 

D.G. Faris: You show solme very high increase due to 
rhizobia inoculation. I. 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 ofthe soils (Outside N)? 
4. What was the earlier history ofcropping with legumes 
(All without previous legumes)? 
5. What was the soil type usually'? 
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M.S. Hoque: I. and 2. Neither nitrogenous fertilizer 
nor rhizo.ia inoculant st as applied in the control plots, 
We did not anal v/e thesoi , of our lield trials for the 
status of different nutrients e\ce pt for as ai lale N and 
organic latter content and for Ic sil. all\ ",s". 
dionte also for as ilable Pand Scontents. The olranic 
naler con o entCoodinated 

i3 soil pllI from 6.5 -7.8: as ailable Pfromoil .1-1';
10- 11% i 10-20 lipt.pptt: and available S. fi 

l. o r . ,nBangladesh: 

.t) r 1,. 


4. In the i:octilatiot rCSpotc studisC. ilte trial', were 
nIOSII\ carritd out in1fields 1culti\ alted ith a par-tot % 
titilar pulse J1uring tie Ii .t 2-3 \ears. 
5. [he Noil tPe, ep itlcgeler:l nOIncalcarotIs dark 
gray. floilplain1, ald calCareis bro\In Ilonlplill Or 
c.alcrCeO dark 'rd\ t'lOOdpltI. lhe Nill tC\lttItC 
,aricd 'roill salls Ioall 0 Ci'.l Il ill. 

C.l.....(;tnda: Isthecr;1 ,lr % hiroli\cin,,s .athe 

poplatiknt lCs el Of differentt t b ItI dittelit crIops 
Sal sldch 

2. WIhtat i,,I litiurs is aI ah lit', l ~l~tt,hit in Itth 

PtiILtlcL ,ll) areas., L. llhared it) ti ltd arcIN.I 

M,.S. Iinqnte: I. N \ ,IC eitatiC stir\ C hiCs't(1t1Cil 
assess the ntatmc piptilatiot ICe l of ltteret rthi/obia 
etlcectil c ottl li litcrnt ill Banuhtdlatesh SotIs. ()Ill\ 
5lIPIC ".)p}ladi t ludies has e.heell littLdt. 

2. NO StL h sludicS1has beeAn .t' ithi tslls.e tiAle as, 
Ii a4-, cii stidi il" s ,, ) II 1,tbe i)Lt edNCl'ean bs CLthll 

2-3 intnulatiom s it tsicsettiwii \cis 'Olltld Istill it tile 

stirs isal ofsfullicient rhizoblia io:tll-c Clfecti CIIItLI-
lattinit.,na .wn raiii\ Seasoi rie-slsbeaticrolppiig 

s\ sItitat the BAt' faitl. 
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Abstract 

Man' diseases ofchickpea lCicer arietinum L.), lentil (Leas culinaris Medic.), 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 rot. and hotrvtis gray mnold ohchickpca; rust, collar rot, wilt. and 

stemphyliurn blight o lentil: yellov inosaic, lea/'spot. and powdertv nildew of ntung bean altd black grant; 
and collar rot and downy inhhldci', iv'r ]oltnd to be the most important. Yellow mosaic ando/-hesi.,i 

powders milc.ew caused I6.0% and 26.0'1' ' , hd loss on mung bean and 10.0% and 25.57( *yieldloss on 

black grant. Collar rot o]'chickpea caused !4.41,% loss under inoculated cotditions. Ftusaritnwilt-sick' 

plotsiere developed at .loydepur and shu rdi and a large numbcr Icickpea linc's have hee scrc'ned 
over thc' ye'ars . .Susceptibh'c/tc'k litu'sfr wilt oj'chickpea ( ICC 49' 1 ); rust ( L 81149) andcstc'mphyliun 

blight (L 81124) of lentil: yellow nosaic of black crant (113/), .ttdyellow mosaic ofmung bean (IMN 86) 
were identified. Man linc's Fourteenodifferent pulses were identiied resistant to various disea. es. 

genera :ffungi were identii'das se'edbornepathogens ofdifferen, pulses. Solarization with i pol"thenc 
shec't or3 months in sutnnercon trollediusariuni wilt canchother., oilbornepat hoge'ns. Many e'ffe'ctive'seed 

dressings amd fliarfungicides were identified. Development of laboratory-screening proceduresfer 
diseaseso] lentil, aund downy mild'w of khes,irito supplen'ntfield results will be undertaken. Researcl 

on integrated diseas'-nana''nc'ntprocedures will be intensified. 

Introduction 

Among the various factors responsible for low yield of 
pulses, disease plays an important role. The rainy 
season with its hot and humid weatheras well as tI;,-soil 

conditions of Bangladesh are favorable for the gro Ith 

and reproduction of plant-disease inciting agents like 
fungi, bacteria, viruses, and nematodes. 

Diseases of Pulses 

Seventy-nine disease, have been recorded oti chickrea 
(Lens cttlinaris M.'xdic.), 

black gram (Vigna ntu igo (L.) Hepper). mung bean 

('igna radiata ('-.) Wilczek). and khesari (Lathyrus 

Cicer arietimtn L.). lentil 

sdaivu.s L in Bangladesh up to 1988. Of these. 5z, are 
caused by fungi. 9 by nematodes, I by a ba :terium, II 

by viruses, an by mycoplasma (Ahrneu .tal. 1982: 
BARI 1982 1983. 1984: Bakrand Zahid 1986: Fakir 
1983). There are somue diseases which are greatly 

influenced by envirotnental conditions. It appears 
from various records available in. the coutry that 
chickpea scfufers fron I I diseas ienttl,, 'rom 17,mung 
hean frot I6, black gam ifront 2 I. aict khesari from 14 

(Table I . Alog tlie I I diseases olcmckpea. the most 

important are %kih("tusariutn o 'vsportuon), collar ro' 
SI i'iin ). and gray mold (Bolsis cinerea 

As mtny as 17 different diseases affect lentil. Ofthes.e, 

( oll/sii i).
 

:st (Uronvcesvici-fi ale), foot rot (Sc Irotiunti rolf.vii), 

wilt (Itusc~ion o.kncrsporuon) and stemphylium blight 

(Stenphylittn sp. are the most destructive. Ofthe 16 

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: 
Citation: BARI (Bangladesh Agricultural Research Institute). 

International Crops Research Institute for 
the Semi-Arid Tropics. 
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Table 1.The number of diseases affecting th ilve pulse crops and their causal organisms r-ecorded in Bangladesh up 
to 1987/88. 

Causal agent 

Crop Fungi Nematodes 

Khesari 10 2 
Lentil 12 2 
Chickpea 8 1 
Black gram 15 2 
Mung bean 9 2 

Total 54. 9 

diseases of mtng bean, the raost important are: yellow 
mosaic (Iviru),powdery mildew (Odimn sp), and leaf 
spot ('rno.por m'nt . Black grain is affected by 
21 different diseases: yellow mosaic, leaf spot. and 
powdery mildew are the most impo:',an. Recently 
rool-k not ntmalode (,'h'loido ,'vn ip) occurrence ill 
the fiel has also become quite common. In khesari. 14 
diseases were recorded. Of these. downy mildew 
(P-'r1OOS)OF viCifhl atnd coilar rot occur more often, 

Yield Reduction due to Disease 

Yield loses in pulses caused by different disea,..s in 
the country have not been investigated. T11e plant 
pathology divisions at Bangl:desh Agricultural Re-
search Intittite (BARI) and the Bangladesh Agricul-
tural University IBAU) have estimated yield losses by 
a few diseases like collar rot, and wilt of chickpea. 
powdery mildew, and yellow mosaic ofmutig bean and 
black gram (BARI 1987. 1988: Bakrand ,\hmed 1988: 
Fakir 1983). Collar totcaused 84.41/ yield loss, while 
wilt caused 60: loss in chickpea. Powdery mildew 
caused 26'1 yield loss in mng bean and 26.514 yield 
loss in black gram. Yellow mosaic caused 16(/ yield 
loss in mung bean and IW(1yield loss in black gram. 

Disease 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 

Bacteria Virus Mycoplasma Total 

0 
0 
0 
0 
1 

2 
2 
2 
3 
2 

0 
1 
0 
I 
2 

14 
17 
II 
21 
16 

1 II 4 79 

locate resistant sources through artificial inoculation. 
A screeningexperiment wasconductedagainsi chickpea 
wilt with many exotic and local entries in w1ssillnurseries 
both at Joy debpur and ishurdi. A highly susceptible 
check entry (ICC 4951 ) was sown after every two test 
entries and so far. swe have obtained 41 resistant lines. 
In lentil 13 entries resistant to fool rot: 19 entries 
i 'sistant to rust: 17 entries resistant to stemphylitun 
blight: ai 1en tries resistant to root rot were found. 
Several screening experiments against yellow mnosaic 
otf 1inung hean and black gram were conducted ill BAR I 
and Bangladesh Institute of Nuclear Agriculture 
(BINA). In mung bean only 2 entries (BM 84-2-7
5. BM 84-2-18-6) were found resistant, while only 2 
mutants M25 and M 26 were resistant toyellow mosaic 
in black grain (BINA 1988). In case of root-knot 
(Meloiduogyne sp). I entry was found resistant in mung 
bean, and 4 entries in black grain. (BARI 1984). 
Regarding the diseases ofkhesari, I 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 Patiology 
Divisions of BARI and BAU to investigate the preva
lence of fungi in seeds. Ten fungi were detected in 
chickpea. 5 in lentil. 17 in black gram. and 9 in khesari. 
Eleven seedbomediseases were reported in fourpulses. 
They are: blight, wilt, and seed rot of chickpea, rust of 
lentil, leafspot and seed rot of mung bean, and seedling 
blight, anthracnose, foot rot, leaf spot, and seed rot of 
black gram. 
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Storage Patiogens 

Most storage pathogens are species of Aspergilhis, 
PenijIlium, and Rhiiwqius. 'File storage fungi m:iy 
,atLse decrease ill discoloration of seed,germinalton 
various biochem icalchanges that may make grairis 
unfil for food, and torins that are a health haiard for 
hu nall sand aninials. The factors that mainly deten linie 
infection by storage nolds are moisture content olseed 
and t\'pe of storage containers. Effelct of moistLure 
content on the pre,;alence of f'ngi ilstored chickpea 
seeds was studied by m aintaining 3levels of'moisture: 
8i. 12( arid 16. Relativel\ losser levels ofIrold 
incidence and higher germiation ere recorded at the 
lowkest level oLifioistrc colntcnt. storage con-( )f tile 
tairiers, kerosene tin, plaslic bag. and baboo "o ' scrc 
found proimising IBARI 1984). 

(ontrol of Seedhorne Pathogens 

Scedborr'e diseasCs catIs eriinrios hiss to pulse crops. 
The seedhorne disease infection can be effectivel\ 
redLIcCd if tile seeds are IreateId heflorc so\ illg. Re-
search done by the Plarit l'atlnloes Di\iion. BARI. 
indicates iO:nt sccd treatnlnt with Berlale T-210 R aind 
(';l'ai can eradicate the scedhorric infection of' 
I NU1,1(t1sitX.\5I;i 't ltlCaiSiliLg %%ilt of chickpea, \wilc 
Viila)ax-200s .zndcapian significauill\ conirollcdcol-
lar rot of'chickpea Bakr anl Ahried I987: Bakr It988). 

74'; redLtlion 
occurred in lentil %% ilh l3:\ tall 

It Was also follnd Ihit a;htom l loto rot 
hen seeds \\cr2: treated %% 

IODS® and \shen treated with Vita\ a\-200 k the re
duction was 401 (BARI 1987). The l)epartmert of 
Plant Pathology. 13AU reported that Ih riiai 8)) \VP 
reduced seedbone infection of MAhur ip/onin z 
phas'olina resLltiig in less pre- ind pist-eiiergence 
mortality of seedlings and increased germination by 

48%, and Vitavax-200® reduced infection by 46% 
(BAU 1985). 

Studivs on iolyhene mtulch 

III recent yeors, ,oil solarization has become an effec
five ieans of cotitrolling soilborne plant pathogens on 
alinited scale. It was foLl Ich wasid that pol ythene 1nLI 
effective il lowering the fusari uin poupulation in the 
soil by 711 - resulting in 82 i lower incidence of wilt 
(Table 2)(lBARI 1987). 

Disease Control through Plan( Treatment 

Several fungici altrials kyore coriducted atl1ALI anl 
13ARI to dleterine effective Ireatrients against differ
ent ftliardiseases ol'black gram. lUnig bean. lentil, and 
klhesari. Results sie\\ ed hat powder\ rriltex 14'nfILirg 
bean and[black graIn can effectivelv be controlled by 
sprayingcilic Thiovit,'-t(0.2(; (r K)aratlaie ((0.1' 1 
orTilt25)) ld('().l; )1(G(oswamnical. 1988). Sirrilarly 
cercospora ICafspot ot0lning be;n ;il black grart call 
he controlled 1wN N(0.2(; 1Bavistiri ((1.1; 1or Ba leto 
(BARI 1988). Rosralk 50 WI) (1.2')
(was effectivc ill 
contlrolling steiphylinir blight of lentil. l.eptos
pliaerulinia Ical blight oflklesari can be controlled by 
spraying either l)ithane M-45 R (0.1; )or Triniltox 
torte (((.2(; )or Topsin NUR, (I. 1I (or Copperoxy
chloride (((.3' i I BAI' IX6). 

Future Research Needs 

Further studies on disease deveIhopmniet under specific 
climatic conditions, screening of breeding materials 
against najordiseases, ideitiviing effectivecchemicals. 

Table 2. Effect of polythene mulch on Fusarium sp control at BARI, Joydebpur and at RARS, Ishurdi, Bangladesh, 
1984/85. 

Fusarium population Wilted plants Yield 

Decrease Decrease Increase 
Actual t0' over con- Actual over con- Actual over con-

Treatment dilution trol (%) (%) trol (%) (I ha ') 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: I. YOU have identified 53 lines resistant to 
different dise;,ses. Have you got any lines which are 
resistant to more than one disease? 2.Two papers on 
plant pathology carry niore or less tile sane title :ird 
tn any things are duplicated. You could have pit tile 
crops into to sCpar.late papers. 3. i1\%is tile 
steniphylium blight transmitted? 

t!.1. Ahmed: I. Records alic to be consulied to see 
Shetlier the same line is resistant to two or more 

disc:lses Nio\ I c~niotl sa\ the e\act position. 2. '%I 
paper is a r].C\ic\%paper ,. lilt Bakr's paper deals \%ith 
n1iaalcenient ot" major diseases of \M01ion pulse,,. 3. 
Stcnlphb liunmdiscase ioran,,nitted hairbrne spores. 

E.I). Magallona: In Table 3. the daitagc to chickpca 
b\ ollar rol is 841 \%hile that froni \%it is 1' . lhis 
is rcatcr than I(tlt' t144'; 1. Could '4)11 offer an 
C\plana ition hor i'? 

l.U. Ab..med: Lioss est iiat it hti cdl ar ro andt it 
%%as dolie ili M\o separale e\perileits aid the illldiesll'-
are for each disease. Tlerefore. the loss cannoth e 
added toeet her. 

.P. Bharati: I our paper .i hae includedr 
niild as one ot the na ordiscascs on chickpea. I l\ose%er, 
tOtihaveCio dtila on yield loss fittie hicase Mid it0 

other follow%-up statistics. W\i? 

H.I. Ahined: In our citunr.\ eras\ oild incidence is 
irregular. In sonic \ears the incidence is \ers htigl 
\ hlt intithersears, it is It . WVc otiod d1oaii\ stld\ 

oil\vild loss tnler controlled condiitions...\t re,,nt 
\kc arc inonilorinL the isase uner iflfvn t 

aeroctilogical ,itliatitiiis. 

NI.M. Rahnran: Icidenice (i rust and steiliphi lill tif 
lentil i nderiiatluira Ilcond itionis is iicCrtain lind unreliabtle 
for idelnificatiti of resistant line,,. Whal artificial 
imeaslres are eoi to tke Ceislre enotlgh\ti tie 1 
disease pressure tin this crop to) screen tbr resilice? 

C.Ahmed: Wliercver possible artificial inoculation 
,. ill he done. 
H.U. 

S.K. Roy: Is there any rein .,ly to Sch'roiunM rol'0/ii in 
lentil and cowpea once it is established iWe op? Wethe 

have this problem at Ilathazari.
 

H. 1. Ahlmed: No, At thisllmoment we do not havc an 
control ncasure for St'l'rotiumtofii. it it is eslah
lished on the crop. 

R.N. Mallick: The esteni of loss due to diseases is very 
liigli according to your report. but farmers seldom use 
any plant-pr tection nicasures. Are these losses belowk 
tile econominic threshold? 

!t.1'. Ahined: Under normal field conditions o far 
bhset Cd, tile discase incidcncc is irregular. The loss 

cstimation as shokn is under high epiphvtotic condi
tions. 
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Management of Important Diseases of Major Pulses
 

M.A. Bakr 
Regional Agricultural Research Station. Ishurdi, Pabna, Bangladesh 

Abstract 

Seventy-nine diseasesoffive pulse crops were recorded in Bangladesh. Forty-one lines ofchickpea(Cicer 
arietinum L.) were identified resistant to fusarium wilt. Since 1986, 174 chickpea breeding lines were 
screened in thewilt-sickplot at Ishurdi and50 were selectedforfurther evaluation. In lentil (Lens cul inais 
Medic.), 19 lines werefound resistant to rust and 17 to stemphyliurn blight.No stable resistant source was 
found to mung bean (Vigna radiata (L.) Wilc:ek) yellow mosaic virus. Damage by rust can be avoided by 
sowing the crop before thefirst week ofNovember in northern parts ofBangladevh and before the last week 
ofOctober in the southern parts o/Bangladesh.Powtdery mildewofblackgrat (V ignamungo (L.) Hepper) 
and mung bean wasfound to cause less damage when crops were sown before the end of September. Seed 
treatments against inoculon ofFusarium oxysporum and Sclerotium rolfsii werefound effective. Foliar 
sprays against stemphylium blight,powdery mildew. and cercospora leafspot were determined. Future 
work plans are discussed. 

Introduction 

Among different approaches for disease management, 
use of resistant cultivars. cultural management, 
polythene mulching, avoidance by manipulation of 
sowing dates, seed 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 economically important 
(Ahmed 1985) (Table I). In this paperthe technologies 
developed for management of important discast~s of' 
five pulses; chickpea (Cw(er ariftintnl L. ), lentil (Lens 
culinaris Medic.). khesari (Lathrui.sativusL.). black 
gram Vignanngo(L.. Hepper),and niung beanlWigna 
radiata (L.) Wilczek.) are discussed. Mention has been 
madeofthe methodsand practices availableelsewhere. 

Chickpea 

Of the 50 pathogens reported on chickpea from 
different parts of the world, 14 have been reported in 
Bangladesh (Ahmed 1985; Fakir 1983). The important 

diseases are wilt (Fisariuonorysloron f. .%. iceri), 
collar rot (Sclerotiun rolj.ii).dry root rot (Rhizoctonia 
bataticola), anld botrytis gray mold (Botrtis 'inerea). 

Wilt 

Wilt is widespread in the chickpea-growing areas of 
Bangladesh. Although no precise information is avail
able on the extent of danage by the disease t rough 
estimate of 10(/ loss has been considered to be a 
regular feature in the chick pea-growing states of India 
(Singh and Dahiya 1973). In Bangladesh, seasonal 
obscrvations have shown niuch higher incidence of the 
disease. The pathogen causes total or partial wilting. 
When split open lengtlwise the xylem po;'ion of the 
tap root shows',s dark brown to black discoloration. The 
disease development israpid at soil and air temperatures 
of 24 tI. 27"C while the infection remains restricted at 
ambient teniperatures below I 'C (Grewal 1988). Tile 
causal fungus is soil as well as seedhome. It can survive 
by forming chlamydospores in dead-plant debris for 
more than 5years (Haware, p'_rsonal communication). 

Citation: BAR[ (Bangladesh Agricutural 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: Initmational Crops Research Institute for 
the Semi-Arid Tropics. 
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Table 1. Important diseases or mzjor pulses. 

Crop Disease 

Chickpea Will 
Collar rot 
Botrytis gray mold 
Dry root rot 

Lentil Rust 
Stemphylium blight 
Foot rot 
Wilt 

Mung bean Yellow mosaic 

Black gram Cercospora leaf spot 
Powdery mildew 

Khesari 	 Downy mildew 

Lentil, pigeonpea (Cajanus caj'lil (L.) Millsp.). and 
fieldlpea (Pistm saivent subsp arvense) were identi-
fied as ,yn ptom less carriers of this pathogen IHawxare 
and Nene 1982). Forty one entries fron local and 
exotic sources have been identified as resistant to this 
disease (Table 2). NIulching soil with polythene sheet 

Pathogen 

Fusarium o.ysporurnf sp Ciceri 
Sclerotiun rolfsii 
Botr*vis cinerea 
Rhi:octonia batativola 

Urotycesfuhae 
Sternphyliurn sp 
Sclerotium rolfsii 
Fusarium oxysporum 

Mung Lean Yellow Mosaic Virus 

Cercospora cruenta 
Ervsiphe polygonilOidium sp 

Pernospora viciae 

during [he height of sunmer reduces the pathogen 
population by 711 I;.ntd wilt incidence by 8 1(7 (BARI 
1987) bul the l se of resistant cultivars is the only 
suitable answer. 

aliaware et al. 1197,S) reported that the seedborne 
inoculim could be eradicated by dressing seed with 

Table 2. Germplasm entries found resistant to diseases at BAR!, 1989. 

Crop 	 Resistant to 

Chickpea 	 Fusarium wilt 
RARS, Ishurdi 

Lentil 	 Rust 

Stemphylium 

Place 

BARI, Joydebpur 

RARS. Ishurdi 

RARS, Ishurdi 

Germplasm Entries 

CC 2484, -1405, -594, -11320. - 3274, -9035, 
11322, 32(18. -3595, -1437. -11329, -454, -422, 

598, -312. -589, ICCL-82104, -85109. -85108. 
85107.-85102, -85111, -84215, -83142, RBH 
135(b), -228(a), -1961a),-174b1. -87(a), -90(a), 
109(a), E 498, -317.-243, -506. -114, -395-244, 
336, -426, and 443. 

112-19, 107-37, 119-88, 119-107, 104-5. 111-71, 
107-41. 117-10, 119-117, 110-22. 122-29, 111-58. 
107-I . 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, 'nd 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 
(Bakrand Ahmed 1987). 

Collar Rot 

Collar rot is prevalent throughout tile ctiickpea-grow-
ing areas of Bangladesh. Outside Bangladesh the dis-
ease has been reported from several countries includ-
ing India (Nene et a. I,984). It is. however, assumied 
thai the disease exists in alImost all tropical and sub-
tropicalcounirics %% ii.The diseasehere chickpea isgos 

can cause 4-84'1 loss in seed NiellI Bakr and Alined 
1988 ). 11 usu all v.appears at the scel tage tihg.though 

Table 3. Extent of mortality of chickpea plants and seed 
yield loss at different inoculurn levels at RARS, Ishurdi, 
1987. 

Treatment Iniiial 

Total 
mortality 

% 

Mean 
seed Seed 

yields yield loss 
(i ha 'I 1%) 

I. Soil inoculation 
without cteaning 
residues of 
previous crop 

162b' 69.5 1ab 
(87.64)2 

0.3 1c 78.7 

2. Soil inoculation 
after adding 
chopped paddy 
straw 

122b 75.07a 
(93.15) 

0.23c 84.4 

3. Soil inoculation 139b 64.02b 0.66b 53.3 
after cleaning all (80.63) 
residues 

4. Soil inoculation 221a 43.02d 1.41a 4.2 
after cleaning (46.73) 
residues and 
treating soil with 
terrachlor 

5. Control (residues 226a 51.85c 1.47a 0 
cleaned untreated (61.61) 
and uninoculated) 

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

2. Values in parentheses are original values of per cent mortality.
Source: Bakr and Ahmed (t988)t. 

incidence isnot rare in older plants. The fungus attacks 
theplantai the colla, region at soil level. Nodiscoloration 
of the root occurs. White lycclial strands along with 
mustard seed-like sclerotia are observed on the in
fected portion. The initial high soil in'istire and tile 
high soil temperatures (28" - 3("C) favor infnection. 
Excess soil nmoislure after crop establishnent sup
presses tile growth of the fungus. The nondeconiposed 
organic matter near the soil surface provides the sub
stratum for rapid growth ofthe pathogen. 

Disease incidence can be reduced considerably by 
rentoving residuCsofthe previous crop (Table 3)IBakr 
and Ahm\ted 19881. Th early incideice of the disease 
was reduced significantlv by presowing seed dressi;g 
with Vitavax-200((fl at 2.5g (kg of dry seed) i (Bakr 
I'(8X). There are no reports of resislance to this disease. 

Table4. Effect ofpresowing seed dressingwith fungicides 
for the control collar rot disease of chickpea. RARS, 
Ishurdi. 1987. 

Seed 
genninated [Ire eii. I Post em.' Total 

Treatment pt death ocath death 

Bavistin 0.4c' It9a 0(t. 19.6A;
 
Benlate T-20 O.Ok 20.Oa ((c 20.Oa
 
Captan 9.ttb I t.tb 3.6a 14.6b
 
Ridomil CL.c 19 2a 0.bc 20.Oc
 
Thiride-75 9.8b 1(.2b 2.4ab 12.OL
 
Vitavax-2(X) 18.0(a 2.c l.8b 4.4d
 
Control t).), 20.Oa 0(tL 20.Oa
 

1. Pre em. = Preernergence. 
2. Post enm.= Posteniergence.
3. Values fllowed by the same letters withinacolumn do not differ 

significantly at the 0.05 level 
Source: Bakrt19881. 

Botrytis Gray Mold 

Botrylis gray mold is caused by Botrui.s citc'r'a.It was 
first recorded in I 8. Outside Bangladcsh the disease 
is present in Nepal. India, Pakistan. Spain. Australia, 

Canada. Colombia. and Argentina (Ncne and Reddy 
1987). During 1988 thedisease appeared in Bangladesh, 
devastating the chickpea crop throughout the country. 
The fungus forms gray or brown to light-brown lesions 
on leaflets, branches, and pods. The infected portion is 
covered with erect hairy sporophores giving a noldy 
appearance. Youtng growing twigs and flowers are 
patticularly susceptible to the infection. The plants at 
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dense canopy turn grayish. Later tie crop has ahlighted 
appearance. 

A dense crop canopy, fonned due to excess soil 
moisture and the abundant use ofnitrogenous fertiliiers, 
aids development of te pathogen. The disease develops 
last in soils with high nutrient status and organic-
mnattercontent. The pathogen has a w ile iost range and 
tile inIocua exist almost always ijtileenvironment. In 
appropriate weather conditions the pathogen sporu-
lates prolusely. The pathogen isseedbre. Storage of 
seedal room tenperature reduced the patIllogen viaibilityAceCial cups are I mied oinstis, leaves, and pods
appreciably (Lalia and ( te%\al 1983). The fLingus re-
ntaiied viable oti inlected plant parls present as an 
adiltixture inseed lots atid was found to he externally 
seedhore to the extent ol*8.2 arid ititernally ,scedbort 
to theextent o12.5'; in naturall. inlfcled ,eds alIS U 
for 5 \ears (Grewal 1988. 

The scedhorne iliculuin callhe eradicaled h Seed 
dressiing , ith Bavisti 5\) VP' as sell a,,lasistin + 
ltliramiat the ralol 2."L ike tilth\ weedit)(irew.val aiid 

l.ahla It983. These lItllcides ,\crc also I uld effec-
tiC Inicoiitrollili erial t'.ilectlioi b Boot tmm ,(/1 
up to 8v,eks aller so, iii. "Tolines. l( ( 1l ) and 
IWC 5055. \ere lotd resistall i(e,, al It988). 

Sclectine, laun d il soils x.ilih'ea', texture and 
ItideraIc to.U1StIMtlll tiutrietil status reduces tlhe 

se\crots o the disease. 

Dry Root Rot 

This disease wasitot co mtion inlarners' fields but In 
recent years its incidence has increased considerably. 
lInfection isScattered in the field. A ffected plains dry up 
suddenly %k a strav -colhored appearance. The tapith 

root isbrittle and des oid ol lateral and litteF rtots. The 
dead roots sh v.shredding tit [lie hark. Ver\ minute 
dark-hro n sclerotia can he hser \cd \ itt the aided 
eve bhelo\ the bark and ItI the pith. The pathiigen is 
reported to perpetuate ott diseased planit debOn, and 
persists ii tie Soil as a lacultative parasite. The best 
sottllion is., resistant cultivars.to use 

Lentil 

Fifteen pathogens causing 17 diseases have so far been 
recorded in Bangladesh (Ahned1985;:Bakrand Zahid 
19X6) but only fe%, are severe causing Severe losses ii 
yield. These are rust (i' romytv.\ /fhe).steniphyliun 
bligtiSt'ntphylium sp), Wilt '.,swMi.1oxy..orum). 
and tootrot (S leroliun rolfsii). 

Rust 

Tile disea:se 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 ihe 
lime of, inlcclion. 'Fileincidence of tie disease varies 
considerably front year to year depending upon envi
ronmental coitlitioiis. IIigl Ihuitidity, cloudy weather, 
and teinlperatures of 210-22"'C lavor disease develop
ment. The disease appears inareas with dense canopy. 

0 llhived hy Uircto and teleutopisiules. Black or dark
bro. intelia are formied On the stein late in the season. 
tiI cases, the leaves are shed and plants (try LipSevere 
preiaititely. 

['he ItngUS ISatoacioLs anld completes its aecial. 
urCdial. and telial saceson [Ite lentil plant. lie primarN 
id to he adiiixltred tleutosporeslceitll source seem, 

on Inlected plant parls mixed \',ilh hts.
Seed The 
disease \%as obser\ed to occur generall\ belbre mid-
FebruarlinliirthsLsterirscts and hetiirethecndof 
Jaiuars, inl LIentil clti\ ar 1.5 iatires illlte sotIuh. 1(10 
to I I10da, s. So the (lisease can he avoided by sowing 
Such carl\ llatilrlti! h\ firsl week ofcultl\ars tile 

November illItiol
tile and h\ the last xseek of October 
inthesoitli r r if te colulhr- '[tie primary source 
o infectio can be asoided 1w properly cleaning the 
seed lot,,anid plant parts that plossess teleituspiires. 

Resistant soLuces Ioll local idacxotic gernplasm
have been idettlifit able 2 ITiese are heing utilited 

i h bridiatioi. 'rotective spra' s x.ithI)ithane M45 250 ppmal I10- 12 das s interval x,erc reported to he 
el lecti\ c(Khare eial.1979). These results could not he 
reproduced alBAR I. 

SIemphylium Might 

Stemphylium blight is a rec.w whichdisease o1 lentil 
w as recorded during 1986 in Bangladesh IBakr and 
Zahid 1986 . 'The disease is widespread aiiost 
throughout tie country but severily is highest in the 

greater districts of Jessore. Kushlia, Faridpur, Dhaka. 
and Pabna. Due to its increasing severit) tihe disease
has already gained much importarice. Symptoms of the 
disease start as pinheaded lightbrown or colored spots
oti leaIlets in plants in thick populations. The spots 
enlarge rapidly and ,ithin 2-3 days cover the entire 
leallet resulting in tile defoliation aitd death of young 
twigs. In severe cases. tte crop fields exhibit ablighted 
appearance. However, the pods are still green. The 
pathogen seems to be airborne. No reports exist on its 
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Table 5. Effect of some follar fungicides on the Incidence of stemphyllum blight and yield parameters of lentil, RARS, 
Ishurdi, 1986. 

Twig No. of Seed mass 

Fungicides 
Diseases 

score 
infection 

(%) 
pods 

plant 
plant 

(g) 
Seed yield 

(t ha') 

Rovral 1.Od' 29.0c 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 
t0.2%) 

Dithane M-45® 2.5c 46.8bc 816be 1.7b 1.39ab 
(0.2%) 

Control 4.Oa 72.3a 623 1.2b 1.21c 

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

seedbome nature (externa lly or iternally. The detaied 
etiology isyet to be studied. Seventeen lines have been 
identified as resistant to the disease and 0!tould be 
exploited in the crossing program (Table 2) Foliar 
sprays with Rovral 50 WI' at 0.214 were found ef
tective when applied three to tour ti me !i 7-day 
intervals 'Table 5). 

Foot Rot and Wilt 

Foot rot ismainly aseedling disease attacking thw crop 
usually up to 30 days of gemlination and is caused by 
Sclhrotitn roi/sii. The fungal strands along with mus-
tard seed-like sclrotia are generally observed associ-
ated ,, ith the infected portions at soil level The disease 
can also be caused by Fusarintn ox .vsporumat the 
seedling stage and it is called wilt when the fungus 
attacks the older plants The tap roots are infected and 
nonnal 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. 

Disease incidence has been observed to be higher in 
soil with initial high m.isture content. Therefore. sow-
ing should be done at ptimum moisture level. 
Presowing seed dressing with fungicides Baytan 10 
l)S® 0.25% dry seed was found very effective in 

reducing the disease incidence. The avoidable loss was 
reduced up to 74;,t with Baytan and with Vitavax
200* the avoidable loss was reduced up to 39.814. 
([able 6) ( Mortuza and Bhuiya 1988). 

Mung Bean and Black Gram 

Sixteen pathogens have so far been recorded on mung 
bean and 21 on black gratn inBangladesh (Fakir 1983; 
Ahmed 1985) of which three diseases attacking both 
the pulses are considered major depending upon the 
extent of datiage they cause. These diseases are: yel
low miosaic caused by YNIV. cercospora leaf spot 
(Cer ospora ruenta). and powdery mildew (Ev."siphu, 
poyvgoli/Oiditn 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 aty stage of growth but losses are 
severe when it attacks at an early stage. Total loss has 
beenreportedwhenthecropwasinfectedat 1-2weeks, 
63% at 3 weeks, and around 20-30% at 4-7 weeks 
(BARI 1984). Symptoms of the disease 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 disease yield 
Treatment stage stage stage Total (17) (I ht '1) 

Calixin 31.64b' 6.12b 0.98 48.74c 7.51 0.25c 
Vitavax-2(X) 15.92a 14.46b 1.34 31.72b 39.81 1.04a 
Dithane M-45 28.45h 16.52b 0.59 49.56c 13.55 0.92b 
Baytan IODS 7 "Sa 5.48a 0.22 13.68a 74.04 1.22a 
Bavistin 30.90b 16.52h 0.91 48.33c 8.29 0.90b 
Caplan 31.05b 14.64b 1.20 46.89c I 1.12 0.91b 

Comtrol 30.42b 21.48c 0.80 52.70c 0 0.81b 

!.Valuc.s followed by thesame letters within a column Jo not differ significantly at the 0.05 level. 
Source. Nortuza and tihui)a 11988). 

leaves as Minute Wllov, specks that expnllld a111dImaly 
cover the entire Ieaf area. ,Mixtureof irregullar .clio%\ 
and green patchex can be observ,,d oi the Icaves. Pods 
are reduced ti si/c anid bear sinall shrive'lled seeds. The 
itecia
are transmitted byv Iitel fl(t'misa tahat i) i:nd 
has a wide host range. Weced,,have bccn rcpotried to 
harbor thr: virus aind act a,atpr iinarv souirce 0i illttU-
1un (Venna antid I 96S)).Stbralitiaiat 

Mallagellicll olfthe disease to to bc \ (if-
ficult. Many attttimpi at I3AII and elscs hoe Iii xreeii 
resistant sources were niade but t stable resistatI 
source has been identified xsi far. Spraying xsystemit ic 

in,ecticides ike aldicarb ISharima aid Vern a 1982) 
and [-onotlhionR, (Clieituilu Ctal. 1 )-/9) wcrc reported 
most effective inichecking the spread of the disease by 

controlling the vector. 

Cercospora Leaf Spot 

Cercospora leaf spot CLS) allacks both mung bean 

and black grain. The disease causes spots ol' variable 
sizes and shapes that arc purplish at the begitiiig and 

later the centre becomies gra, ishi in color. The disease 
also causes prelmalure defloliatiin. Filepathogen xwas 

reported to perpetuate on inileetd plant debris KGre\x al 
1988). A few lines wxere identilicd as resistant and call 

be utilized in crossing program (Dey ct al. 1987 
Grewal 1988). Foliar sprays wkith Bavistiti 510 Wp ,,at 
0. 1%cwere found effective it- conlrolline the disease 

(2ARI I986. 

Powdery Mildew 

The disease ,scrioustnostIv during late suntinicr. It lias 
been estimated to cause about 421.' \ ielth,, inlate 

nummer (B3ARI 19871 and aron ndI 7i ],, illearls 
sunincr crop 0f' inLmg beain (IBA\RI 19861 )isease 
incidentce ias becen obsr\ ed to be sexeric Ilin Otll 

crops are sowxn lale. i.e.. carl\ ( )tober on\ards.
 

,
Poxx dcrv I xa are ortietl onthe leaves \\hich later 
torn dirl \hlte, leaditig toi dcl liation illsonie Cases. 

Table 7.Effect of fungicides on the incidence of powdery
 

Disease 

severity Yield I(XX)-grain 
Fungicide 10-5) scale (kg ha ') mass (g) 

Antracol 2.2bc' 140 39.5 

Karathane 1.5b 157 39.9 

Buyleton 1.7bc 144 4(0.7 
Thiovit 1.5b 177 40.8Tilt 250 Ec I.Oa 201 41.0 
Calixin 2.5b 164 40.0 

Control 3.8c 135 38.7 

1.Values followed byilhesameletters withina column do notdiffer 
significantly atthe 0.115 level. 

Source: Goswami et at.(1988). 
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The disease can be avoided or damage reduced to 
nonecononic level by sowing early, i.e.. from mid-
August to first week of September. It was effectively 

controlled by 2-3 foliar sprays olTilt 250 ECtR) (0. I 'i ); 
Thiovit 8I VP k ((.2'" Ior Karathene (0.11,; I applied 

it 12- 15 day intervals (Table 7) ((ioswaini el al. 1988: 

BA RI 1986). "lit \ as more effeclive than 13avist in 51 

WI, . 

Khesari 

l)o ny .Mildew 

nI c:len pallio ge s of khesari have so far been re-

polted front Bangladesh (Ahtied 19,5). Alniong the 
cd,ca s dsms n\ mildew (, II u tR lI') 1iscon-

sideled it) be the Illost illpoltillit alld %,, estimiated toas 

cau-',C ibiui 17'; loss ins icld 3.-\RI I,6t. S. mploms 

III ihe disea r tie its thowl ttll n.i'.' of nicelium alld 

spti-ihplires, till tihe dolal Side of the leas vs%hich look 
,

like \ elltis lesios Itum Ihc \ntral side..-\t literstac 

the illfck. IM let es tlln ras i h1 1t il hliro . ii. 

RIesisiti sttit l h11Citc. bell deit tlied at-'iitisi tle 
uhiseae. No peclsc stud\ oil cltcica cutllttul b\ 

splay sa undertakeni. %is, ObsCr'. ed in relateditti It 

studiesht '11lhiTo it Sit \WI'I\. iss elffecti\re in ctiitrolling 

the disease iti a signilcant lecel. 

Future Strategy 

Thee rt'p losd ue itidiseases iceds tt the prevented. ()n 

itmre restricled scale. ectnitlitic losses for the dis-

eases reqIuire manageient eflTrt b\ indivi aI grms 

ers. Bit to decide correctls wiether or not to attempt 

linag.lllelit practices, gross ers ieed accurate details 

about disease sescrits alid its desiructie potenttial. 

AIthough successftI discae mtoan agen lent frequently 

requires ,everal inlegrated approaches and lechniques. 

in this paper these have been considered singlv fkor 

sittiplicit'. Many ianagement practices des eloped 

a.g ainst iinporlant diseases of major pulses have beenI 

discused. It is necessary that tile package of practices 

be used by the growers and seed producer,. Ili this 

regard great responsibility lies wsith tile extension 

personnel and ot- farm research scientists to create a 

general awareness about the availability of lthe practices 

and to demonstrate theireffectiveness. Ifthis isensured, 

it call then be expected that the huge loss due to diseases 

be minimized and the national production level raised 

considerably. 

Discussion 

M.O. Hyder: There are sone vaccines against some 

diseases prevalent among both human beings and live
stock. Would you please cornlment on the possibhiflity of 

developing melhods of"vaccination fr such diseases 

caused by bactmiia and viruses? If the answer is posi

tv'e. wlat is our contribution in that fiel ? 

M.A. Bakr: Our main thrust is to develop low-cost, 

easil\ usable remedial measures against pulse diseases. 

Cross-protection measures may be practised iii sonie 

fruit and vegetable diseases but ill the case of pulse 

diseases nowhere in the world are these in practice, nor 

are we doing arlt' , ork. 

R.N. Mallick: Your recoilnedat ion ftr disease fre

sellill and Contl] sCents Io be quitle practical. lave 

sOiu illustrated these neasures in the extension hulle

ilts vol have distributl this mornine in Ba'qela? 

l.A. Iakr:Thatl, \ tn fur this suggestion. We will try 

tt do the lieedlul. 

M.I Reddy: ('an \,ou please elaborate ol future re

search strategies lor ctontrol of pulse diseases ? 

M.A. Bakr: This will be discussed at the plenary 

sessioi. 

M.S. Hoque: YoU have mentioned that tile incidence 

ofcollar-rot disease tif'chickpea cart be reduced greatly 

b retiiov inig residues of tile prey ious crop. But from 

tile soil-lertilm llvanagentelit point of'vie\i fanners are 

ad vised t incorptorate tlie crop residues for better 

teIlds of subCqUellt crops, keeping in mind tile 

atartitingl il hi ossallic matter ctntent of' our soils. 

tinder such all atltagonislic smtiation. what is y'our 

opinion with regard it Inallagelnllt tf'this disease? 

M.A. Bakr: Only uindectoipOised residues are to be 

removised if the crop is to be sow iimmediately after the 

harvest of t ie previous crop. But if sutfficient time has 

lapsed before sow,ing of the next crop and tile crop 

residues are fully decomposed then these do not do any 

hiami. 

M.P. Bharati: Ilow does not owing chikpea in light

textured soil reduce bolrytis gray mold incidence ? 

Please explain. 

M.A. Bakr: It is our observation that chickpea when 
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sown in light soils produces profuse vegetative growth.
Whenever alight shower occurs it favors tile incidence 
of botrytis gray mold. 

M.A. Wahhab: Seed treatment was done and cliin-
c a ls were used to co ntrol tIle diseases o f pulses. [)Otn't 
.you think that burning of crop-residues in the field mis' 
help control them to som c-extem? 

M.A. Bakr: Yes. this is ageneral recomnmended sani-
tar' Icas ure for many. diseases, 

M.O. Islam: You hac mentioned Inyour paper that 
botrVtis gray toold can bie avoided h: 

1. av o id i n use o f nitrog e n frtili e r, 
2. avoiding light-te.t:ured soil. 
3. nipping the t%%igs. id 
4. grainig b heel)


In our experience at RARS. Isihurdi we di 
 not use an 
fertilizers, gro %the pulses in hearm soils, and even pIut
it ill III). line-to-line distlC., htll whv does bolrlis 
appear in severe forll ? 

M.A. Bakr: Tle sliiurdi RARS soil is riich in organic
taiter. slih encourages, p+rofuist, ct't:itivc cro, tli. 
ii thc presence of'sutficicil nioisture plarticularlk inie 
growing season \. he.n earls ,ho les occur. these tol 
ditions help develop ent of the discase. 

A. Rahman: I. Inyour paper VIntieionmed 1(11-sccd 
mass of black grain which I think is \ cr. high. Is it 
correct ? 2.W hat is the significance ol takitig IN -ccd 
mass of black grain of lh saine line agai ilstif rett 
chemicals ' 

M.A. Bakr: 2. '[le table has the reference below it. I 
have only cited the work. In ii\ opinion the \ ield isnot 
very high. we generally get even higher yields. 2. It has 
significance in assessing tht. efficiency of the chemi-
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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 on thediseases ofhlack gram (Vigna mungo (L. Ithepper).khesari ( Lathyrus sativus L.), chickpea 
(Cicerarietinum 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. Si.1 seedhornepathogens were identified in black gram.2 in khesari, and 3 in 
chickpea'. Timnely sowing oJ lentil and chickpea after first week of Novenber reduced collar-rotithe 


damage, while applicuion of nitrog'en increased the incidene. Seed treatments to control various 
diseases have 'wenworked out Screening underfielhl conditions and subsequent artificial inoculation 
of 216 black gran and khesari lines led to the identification of'M 23 black gram and L 14 khesari, as 
moderately resistant to .ilsarnn wilt and collar rot. Present on-going studies and fiture plans fi)r 
research are discussed. 

Introduction 1979 to 1913. Disease prevalence was further surveyed 
onl% n black _rai and khesari in three districts: 

Research on pulse diseases began in tilel)epartnent of Raishahi. %\ InenCsingh. Mid Jamalpur during 1980/ 
Plant Patholog',. Bangladesh Agricultcural L'niversit% Is I to I982/I98;3. Inaddition. occctrrence ofldiseases 
(IAL). tnliensicgh, 1 1976. [nur pulses. chickpea s as rccorlecd )tt oabout It1) gerinplas lines of lentil 
(Cht' arictinum i.khesai (Iuttls L..). ceceix ed Irot Intertnational for.. %actllt ciostl, tite ('enter 
lentil (Len.%culinari.s Medic. I.and black grant (Ic,'na 
on,,ioon (L. itlepperi w're inclded in Ohesc studies 
(BAL!1978). InIt)X7. B\ t'laLtched a reseacrch project 
entitled Coordinated Fcoo d Leittl cc trctprovetneti 
Project'. Lentil acid labhtb hmtii l[.blcblhcc'.A L. 
Swcet have been intcIucded inIthis program. Research 
carried out ofn tie discases of these five pulses has beet 
conpiled iti the present rec ies. 

Surves of Diseases 

Surveysffhediseasesaffectineblack grain. chickpea. 
khesari, and lentil %kcrccarried ut in seven Lrealer 
districtsofl'Hangladesh vi/.. Faridpur.Jessore. Rajshahi, 

Jamalpur. Myrnensingh. Khulna. and Chittagong friom 
1976/77 to 1982/83 and it live districts: Faridpur. 
Jessore. Mvrnensinih. Khulna.and Chittaonv. fronm 

AericUltural Research in I)r\' Areas I CARI)A) at the 
BAL F:armi for 2 %cars. I9X0/87 anld 1987/88. 

Fort. -t%tdifferen crc recorded on thesedise:ases %% 
IUIsdrrigthe-,urses. Aning these diseases. 28 are 
f or ) appear to be cie%%iajllpcirtatnce atid 21 records 

ior Bangladesh, The najfor diseases \.Cre collar rot 
(Stc'c'othon 'o/Isil)antd \.ihI("Isalilci o.v.vs/orloni ill 
allthe four pulsCs: blight (Acs hyt acraivicin chickpea: 
leaf blight (lUlitvphacr'rinatrildil inblack grani 
and klieari: cercospcora leafspol (('tr o. poat rucnta) 

atid . lsaic virus (YMV)osllcs inblack granci: rusts 

riooiv c.'sspi in chickpea and lentil; and downy 
ciilde iPorno.spraOr iae) inkliesar. Ofteni these 
diseases broke mtut in epidemic tcrti and caused con

siderable hisses to [tiecrops (Fakir and Richnian 1977: 
HAL 19i78. 1988: Fakir and Bakr 1978: Fakir 1983a: 

Fakir and ltossaiti 1984. 

I.There isonly one report of Ascc.'hta blight occurrence from Bangladesh iBAU 1978c. 

Citation: BARI (Bangladesh Agnc. iural Research Institute). ttJt Advances in Pulses Research in Bangladesh: proceedings of the Second 
National Jodebpur. Bangladesh. Patancheru. A.P. 502 324. India: Incernational Crops Research Institute forWorkshop on Pulses. 6-8 Jun 198t9. 
theSer -Arid Tropics. 

,. . . . . . ' 
 129 



Study on the Impact of Blight and Wilt on 
Chickpea Yield 

During 1976/77, ascochyta blight and wilt of chickpea 
broke out in epiphytotic forn in certain areas of 
Mymensingh including tileBAL Farm. Considering 
the importance of'the diseases, crop-yield losses due to 
these two diseases were estimated (Fakir 1983b). Wilt 
caused 607 seed-yield loss while blight resulted in 
49% loss. Almost similar losses were incurred in 
production of total numberof pods and seeds by the two 
diseases. 

Transnission of !"ingal Pathogens through Pulse 
Seeds 

A total of 498 seed samples of black grant. 122 of 
klhesari, and 20 of chickpea. collected from different 
locations of Bangladesh, %%ere used for studying the 
seed transmission of fungal pathogens. Seedborne 
infections of fungi were detected by using the blotter 
test ISIA 1976) 

Black gran
 

ilte important pathogenic fungi found to be transmit-
ted through black grain seeds were: Macrrolhoinina 
phas'olina. Fu.sariutn oiy/.V)Irlct. Coltotrichici 
dentatim.Rhi'octonia so cti,and As.pcrcillhc. lhl-us. 
Among all the seedborne fungal organisms. 
Macrophoncincijthcitcolini 'washighly pathogenic and 
it certain seed samples, 70(';seeds were found infected 
(BAU 1978. 1986: Fakir and Bakr 1978: Fakir 1983b: 
Kabir 1985). 

Khesari 

Of tile 15 fungi encountered on khesari seeds, As-
pergillus flares. C'orvneslvrpa cassit ola. Fusarium 
fionilijornie, Fusarium o.cvsporitni and Fusarittnt sp 
were pathogenic (BAU 1978: Fakirand Rahman i986). 

Chickpea 

Of the five fungi detected on chickpea seedsAspergilh/s 
sp were most predominant, and Colletotric'htni 
dematium and Fusarium sp were pathogenic (BAU 
1978). Among the fungi which were found in the seeds 

of the pulse crops mentioned above, pathogenic fungi 
like Macrophotnina, Fusarium, and Colh'totrichum 
were responsible for causing seed rot and seedling 
infection. On the other hand, Aspergilhusflavius and 
other Aspergillus sp were commonly associated with 
stored seeds and were responsible for reduced germi
nation. The prevalence of fungi varied with respect to 
location ofcollection of seeds and pulse species (BAU 
1978, 1986).
 

Control of Diseases Through Cultural Practices 

lfJlc't aJnerti/izers collar rot andcnd irrigation oc 

wilt-dis'asrinccidence in chickpea and lentil 

An experiment was conducted with different levels of' 
fertilizers (NPK) and irrigation itostudy the effect of 
ertiliters and irrigation oncollarra t and wih inchickpea 

and lenlil conditions. lit general,under natural field 
increased prevalence ofcollar rot and wiit diseases in 
both chickpea and lentil were observed with the appli
cation of nitrogentous fertili/er (urea) and with one or 
two irrigations. 

-I/cit o'so'ling firc' on olhcl I and will
 
incidence in !'ntil
and chicklcca 

The experiments were carried out at the 13AU Fant 
during 1979/80. Tie prevalence of thc diseases in 
Icttil decreased with tileadvancemnttofdateofsowifg 
(Table I ). Of the six different dates of' sowing. 29 
October sowing %,as most favorable for fusarium wilt 
aInd collar rotdisease dcvclopment (15.5(, )compared 
to the later sowing in November on, ard.t. Maxi itn 

fusariuti wilt and collar rotdisease development were 
observed inchickpea it the 26Octobersowing I13.3(/( )
followed by 25 November (1 1.7,( wi le miniunnm 
(2.3c,'( (diseases were recorded ol 25 l)ecember (Fakir 
1983b).
 

l 

wilt disease in khesari 

Effiectorganic soil ainendmnents on collar rot and 

Two experiments at two different dates (21 Nov 1980 
and 6 Jan 19811) were conducted at tie BAU Farn to 
study the effect of different organic soil amendments 
on collar rot and fusarium wilt-disease development in 
khesari. The organic soil amendments used were: ash 
(A), sawdust (SD), and mustard (Brassica campestris 
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Table 1.Effectofdateofsowingtlmeon fusariumwilt and 
collar rot disease incidence In lentil and chickpea 
observed at the BAU Farm, Mymemslngh, Bangladesh, 
1979/80. 

Plants infected by
fusarium wilt and 

Crop Date ci sowing collar rot diseases 1 

Lentil 	 29 Oct 15.5a' 
13 Nov 8.9b 
28 Nov 8.9b 
13 Dec 7.7b 
28 Dec 5.3b 
12 Jan 6.5b 

Chickpea 	 26 Oct 13.3a 
10 Nov 9.2bcd 
25 Nov 11.7ab 
10 Dec 7.5cd 

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 cotnbination of these three. 
The dose for each treatment was 35(0 g per unit plot 
(2.4tn x I.8m). The organic soil atendments had no 
influence on collar rot and wilt-disease developtnent in 
khesari. However. there was significant difference in 
the incidence of disease development betwceen No-
vember and January sowing (BAU 1986). 

Seed Treatment 

Control of seedhorne ini/e'ioni u Macrophomina 
phaseolina in black gram 

Investigations were carried for controlling seedborne 
infection ofM. phaseolina inblack gram with different 
seed-dressing futigicides ;ithe laboratory, glass house 
as well as. in the field for - years frot 1977/78 to 1984/ 
85. Of the 13 different fungicides tested in tilelabora-
tory. Granosan 	 M (0.514 ). Vitavax-200t (0.5' ), 
PanoctineCGT/401 (0.5 )and Homai80WP(0.5%) 
appeared promising. Based oi 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, (.5. and 0.7/) of 

these two fungicides gave good control of seedbome 
infection of Macrophoninaphaseolina. Both Homai 
80 WP and Vitavax-200® @ 0.7% completely con
trolleu the seedbome 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. Hontai 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 
test doses of Homai 80(/ WP may e recommended for 
seed treatment of black gram for controlling seedbome 

infection 4 1acropllomina phascolina (BA U 1978; 
Fakir et al. 1980, Fakir 1983a: Kahir 1985). 

(ontrol o/root-rot iseaset 'lentilby seedo 
treatltn'tll
 

Ati experiment was designed to control fusarium wilt 
of lentil by seed treatment with Panoctine CG/450 (a 
Kenogaard Conlpt rundwith a.i. G uazatine) using heavily 
infested soil in potcuture. An additional experiment 
was conducted in a heavily infested field at tileBAU 
Farn to confirnl the results of pot-cuture. 1t was 
observed that only 1.614 seedlings of lentil were af
fected by s it in tiletreated seeds in pot-culture, while 
44.4 ,1seedlings were attackcd by the disease when 
nontreated seeds were used. Slightly better germina
tion (92.51,; )was also obtained in the treated set 
compared to the nontreated control (90%) in pots,. 
Significant reduction occured in wilt-disease develop
nient. This was alsoobsetxed in tie field with panoctine
treated seeds (Fakir 1983a). 

Foliar Treatment 

Control ii'powdetY nildew of black gram 

Four foliar fungi, ides. Copper Sandoz, Kumulus-S, 
Thiovit. and Tri-miltox forte each@ 0. 1,0.3, and0.5% 
were tested at the BAU Farm and in farmers' fields near 
BAU canpus to control powdery mildew of black 
gratn (Fakir et al.1988). All the three doses of the 
selected fungicides gave excellent control of powdery 
mildew of black gram inall the 3 years' trial when 
given four sprays at 7days' 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-S 
or Tri-miltox forte may be recommended for control-
ling powdery mildew of black gram. 

Control ul'cirIo.sp(o ra ha puot !fha kgran 

Five 	foliar fungicides, Copper oxychloride. Copper 
Sandoz, Dithane Ni-45 i.. 'opsin M. and Tri-milox 
forte each @ (1. .. 0.3. and 0.5;'i %%ere tried in fanners" 
fields near HALI arnn for controlling cercospora leaf 
spot of black gram. All the three doses olTopsin M 
gave the best results in reducing disease s,'verilv and 
increasing yield , lien applied four times at 7 da\s' 
intervals (HAU I986). 

C'ontrolol vIh'.I1I(hl 11/11h,1 hhihhAl/, okhic'-cj 

lElficacy(ifffour f~llar tung icideS, (pper o,. chloride. 
l)ithane M-45 R. lopin M. and Tri-iiilto\ forte each 
Ou 0.1 and 1.5(; v,Cs tested in ctll trolliiie 
leptosphaeruluia leaf blight of klhcsari at the Revional 
Agricultural Research Statioll al Jaiallpur as %ell asill 
fariiers" fields in th ritai area OtJaiilaliUr for 3 \ears 
( l)82-85). Both dOc,, Of the testfuneicides reduced 
the incidence otf ,ligh, %30.8 to) X0.9( alld increased 
ields over the coiitrol (HAL ' 1)8(0. 

Control through Host Resislance 

S.reeini!ofhhauk gram and kheimcci flu re'iv.tamc 
tO Ma1jor dis.ca.s,. unelc'r f/u/hl iolndil k 

The reaction of' 112 lines of black dtam aiid I104 hies 
ofkhesari to iiajordiseases itvarilus research statinis 
Ishurdi. \.1nueiu,,igh. Jainalptr. and Kishoregonj if0 
the coutrimiuder natural field L-0niditionis \%as studied 
from 1980-80. The testdislease,, of black grain k.r. 
collar rot. \ilt, seedling blight, leal spot. aid YMV. 
aiid those ofkliesari. collar rot. heatbligh,. leafsl oi alid 
dowi mildew. In adlilim. 86 )grprilas in lines of 
lentil lostly received froiithe International (enter for 
Agricultural Research in l)r\ Areas OICARDA) \erc 
screened against silt, collar rot. and bushy stunt in the 
performance trial plots of' the Gienctics aiid Pl'ant 
Breeding Deparlment of BAt FarmL durin I1 87/88. 

Oul of' 112 liues of black grai tested. onl M 25 
was found resistanut to \ elh'smosalc. Tko lines. M23 
and M 25 wkere found reistant agailist collar rot and 
wilt. 	Of the 104 khesari lines. onlv L I I 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. 1M 195 and BM 
417 were fobtid resistant against collar rot and wilt. In 
case of bushv stun', 350 lines %ere found resistant to 
the disease (BA U 1016. I 1988). 

Screening /]prmni.int' line.s ,l'lack grantand
 
khsarito olla,r I ut and wilt unch'r arvtii,ial
 
(Tillyvti IOlnditioi.
 

The reaction to wiIt of 47 germplasin lines of black 
gra:n anid 45 oif khesari w\as detenilined through artifi
cial iiioculatioil by water culture in the laboratory for 
wit and h' pit culture for ssiltand collar rot it)the 
greeiholse tsing the scretinig techinique tollo,Cd by 
I('R ISATi Nene and I la., are I 98f). No ic of the lines 

%%asfotud resistant to both test pathiogens. Out of 13 
pronising lines of black gram, 4 s,ere lounldmiitder
atel resistant to s,il and 3 liues %ere foutlld itoder
atelv resistant Itoclliar rot. "l huies. I 25 and 367 t) 
were fiiulild lllidcr.tiels re,, taut to bohth the paithogens. 
Ainliii the 14 pmulsLn liLes f klicsri. 4 %%ere 
llldleaiCl\ resistant t10ill ,, ; hiklt 5 ,icrc ud lnuod
.ratclv relisanill Icollar rol. ()fall the khesari hIes. 1. 

and 1. 14 \%crc noderalel\ resistant to hoth diseases 
(Ralinani el all.I19S7 i. 

Suggestions 

(onsidering the inportance oif pulses in the national 
ecCininii\ aiid the research ieeds foir the imnproventent 
of thisgroup of crops the floslugll suggLsions arc 

inlade: 
I. 	 More eiiphasis should be placed oinbrecding 

hiel-sieldin. dis ase-resislant cultivars of 
pulses aiid mariagement ci ijioir pulse diseases 
through ilitCOreL corirol. 

2. 	 ooldliialtd rescaui.i establishing close liinkage 
aiiionct tiatioial and international iiistituls/the 

organi/il ic.s tels to be Ulldertaken. 

Discussion 

R. N. Malik: I. What are tle new findings in cin
parison toBARI results.' 2. To wkhat extent do other 
departnients of BAU use your research findings for 
varietal develoment? 3. What percentage of your re
search was basic research? 



G.A. Fakir: 1. There are anumber of new findings in 
pulses-disease research at BAU. A good amount of 
work tarried out by us at BAU has been included in the 
paper presented by Dr Hamizuddin Ahmed. You lay 
go through the reports of the two institutions as well as 
through the two papers presented in this work .hop. 
2. Varictal screening trials for disease resistance have 
been carried out in collaboration with BINA and the 
Plant Breeding and Genetics Department of'BAU. Our 
reports have been submitted to the concerned national 
authority. 
3. A considerable amount of basic research has been 
done bv 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.L chickpea (Cicer arietinum L.), cowpea (Vigna 
unguiculata (L.) Walp, mung bean (V igna radiata (L.) Wilh'cek),andblack gran (Vigna mungo (L.) Hepper) 
face major pest prohl,'ms in the fields while allpulses, including khesari (Lathyrus sativus L.) and lentil 
(Lens culinaris Medic., are seriously onjested bY puls' beetles (Callosobruchus chinensis Linn. an(d C. 
maculatus Fab.f) Thcoug'/h f/c'prir.. nadesofir has not been able to solveall these prohlems,in.orag'. 

it /las been sati.sfilc -tcrvij one c(lnAclder tilw mInt/poovc'r. till)'.cincl other inputs. Moim t 'ctntonologv Ie.%'earc /I 
oilplses was done b thcrcc'crchi 'ntonmloc,'i.'ts o /lhmngldes/c Afirlc'dtr Rc''arcl Isttute. 

i-o.cc) p. I AturvevA.. Ici.A major pJ'.sl.,These studies w/i Icc tihc c 'cp .'swmet. biolocv o.,/ screeintgc, 
fir hcost-plant Te.IAtill.Ic', ilsec Iu jdcil .colarv% c oltpar.\cit cc valiou.s pest-coltlfrl Mea.stcrt ,and verlte
brate pe'stproblenti hcac' be''i ctt.'f/ccpaper. licocur'iri'crca ichce d.%oilisclc is aid vertebratcedt ccc. 

pe.sts ha'e been sun . t'ld 

Monitoring and Sur%,eillancc cl' Insct Pests and rcl',tcd ;c,Iisect i;ct,, ;ttaiklg ccipea 0|i'licc 
their Natural 1 ,enfies 1o01''1i lhitlaII.. I Wal)ip. I I anlghldc,.h [Rahiccan anti 

Racmicddui 1 ,i7c. 
Monitoiritg anti ,ur 'ill iC .'ceied otric c 'iiiclo 
of the cti.cjcr ci'.e-grc\,,uccdiN'lilt,, Ic(' i(CLcl lice 
incidence of Itnsict pests Attaccking [)ulkck'd, the rp-l.ss A essme'nts for E'shllishing Status of 
predatlor,, Mid the parasihld', (it thce' linesd pet,,. Inwel Pests 
Aiamt c a!.i 19cIt prepaced the firstpublishet list ci 

Insect pests cl diffcere t clclleti'ecll'itflcc2lcRI.,. I.11lisit lt l,c iLcic e tic cs't,tlishi of rcte stawtu. the 

\.a.re~iscdl ltcr acrc al. 2 ch :th d
ccnh\ Rchi tc I l It.i cittirdcd CIcc.c);)'t.(itItls ,h\ tud t!ic thtecr Inci-
IlC',Nsie.iec s ,.int't[ tle TO ltt.'i'Ic [ l i;tCt.eicci.faleIct. cit . a id aindICSIN,Ill I.dh ' -"c'htat,11c atucal 

.\.ere ciCtudCd .isjc,,t'of r:cIn , ,it cc., _,rain .utild ihriouh~'tC l K cA',i occhi', dachlt: . losss.v s chs ltdice, the 
II..IIlepprc. lll b,,c i cIIhl cI..a h lhvlg Ciet,CthcicedI0 ucce IIca i I c c'.\eclc as,til' Illctc Icti.L'LI Pests: 
\Vilc/cek IIoifhckp eucuicitc ( cic j ... .ccd It illcu ccitbeLl'. _rL'cc. c\j~ed.hiccr\ L.ctrciiillacr. .hccttl\ 
of igconec ('ll/iIIcci1 1t. I hl],. tltttercc. h'ccl stem 1l.aii '.hiall-steck bluce hcctletl\i1 jidtclea ,11,10 
M /lo c1% IccciN Feb..i I(1,i),Ic dI inoiec. uad .pic tlted c ir cIl Ct.c.hn/ ckflt t, ,/,cc clidi t i., 11ccll bean alld 
Fch.('Ccc clcliriivit lciiiric.. \l s hlt Ul ll:lit' ,tct\Acccccc acid thlctMkpa1dpt1tJ b,,rer in 
Fab. .kere reported a" tcieit.'IclCd p rcil;hII0I, c1 a1phicd&, hiivikic: l)d h reriomcllt\ i tcdctpi)id h)rr.piniC 
in pulses i'L\RI Itj;4a , tid le calc ucil hectic mith.hi;cr-stre;ik blue hutterl]\ .andc 'tur' [Icti 1]\ I I1 
t[.lclidllcit hitIhut- 'Cc1 ifc1.oc(ul ottrlJacc. h%c.hmicr-streak c p 1 anidit_ ii . i (11p)tl]',c'".f)ic' c t ceCties 
terfly pod borer I I t1ci ii 1Ctic'h.c. s(c,stemc t]\ ,Ihi / c c ( lii dattx1 (.a // ,I nt n NiI ccii-1udi , ab.I
 
(Op vicz cci.n iii t~a/c c tcin
zhi'i,,ct'lr. x cctc']\ Ilih'o , rc'id J)tcl.t, iRahma ),S i cPSSII klahica a'.l 

('cenit. . M c li i i ccfe .,\clcc ici. thl,.c 1iCst,'acnd aphid I..'I M (ilti K Raccc/ccitccc ]is7'. Icajor insct't 

Cilation BARI iBangladesh Agn .u turalewsca.hh 1991Adc irkLC, Htc c I1cRN Ic1tue in Pul .hc tiancldesh pro.ccdigs ftheSCind 
National Workshop on Pulses. 6-h Jun 198t.Joi,,dehpur. Bingladesh PatainLheru. InaInternicnl (rupsAP 5ii2 124. Reswro.h Insiute for 
theSemi-And Tropics. 
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the pod borers caused grain-yield losses of 130 kg will help in breeding resistant varieties with good
ha in black gram. 136 kg ha 'in mung bean. 191 kg agronomic qualities. Well organized screening pro
ha in cowpea, and 4M0 kg ha in chickpea (Rahman grams have not yet been undertaken lowever, the 
1989a). Avoidable grain-yield losses o197 kg ha in pesagainstwhichsuchiscreeningslldlbe.undetaken 
black gram, 109 kg hiI in mitiung have been identified. These are: chick pea pod borer itbean. 95 kg ha t in 
cowpea, and 81 kg ha ' iii pigconpea. %% chickpea; spoiled pod horer and hair-streak bhie butere recorded by 

comparing these yields with those ,ofcropstrea.ed with terliy podtl
borer in pigeonlpea: galerucid beetie. green
insecticides for tile contrtd toftie pod borers. The bean jassid, w hileflyl,sptited piod borer. ald hair-streak bhie
 
stern lv and the galerucid beetle cauitsed up to 97'; butterly pod borer incowpea. black grain. 
 itnd inung
plant infestatiot andi I10 leaf infCstations in black bealliitheField: ( 'hiit'it..and mat frolinunghtu.s 

grain i 3ARI I T Th4o.ugh 43' leal infestations" b' bean.,co\ pea. khesari. and pgetipea: ( t tinn+ik for 
the green jassid and 14' b\ the galeruc'id beetle %% lentil Miad clicklpea: allidMo uICtL Ifor black gra in illeic ( 

reported in ctimpea (Rahn I XX ). tile t1 slCh
eftect stotrave.
 
leaf itnfestations o tihe gra in ield Could nit be iscer- Slftlies ss
ere condhctCd titl a.ViaIble Ueiplil'All Of 
tained (BARI I t)So: n 9SSi. (iraiti Itit.laitis chickpea (or resisIaice itstileprail ipodl borer (BARIRaih It 

b.pilse beetles ithierates tift1'' ilniung heart. 7.3 it 198,i986t) t57). 1I thesc studies. cIickpea culivtrs 
In khtes~ai I. oI/th\t its L..1. .Nallt 4'; Illchickpea. 401 Sabur 4 and Nahiii \sere ht1uid to pt-eti rinct1ll steiClsIl\
 
illlentil il 
 n. rl/int i \ d .. 29'; it1,I,i.krti . viilci t ;,1 ,1. In1, tlllit'lil 

2
alt4'in fIlellealiI'lttni ltnitit/itlbsjtirtl'nws\ erc stutl., Of ti')sraiw, blak 'ralll. 2X shltsesl tile 
recorded after i-S mtttlis Of ,tttage tinder farmners' hlisest per celi pttt 'llestatMioi b I. ,t'U%. BLUttlhe
 
storage cttiliiotN,. The pest staltu tfdifereiit IilseI lt'sutl 
 ilc screniiu studL_', %CieIutIICtiluti\ e be
pests as det eniCiiiicd b\ -rtip-hts, asNesn thentstudies cale tlflie i pest pttptliiti nutier itrtll


, 

sire,, 


Nill help idlitiv tile (Idar;uigiuLuIIstIL pests field Ii SuILh scutCtuicI Cel'lues are
motst tt M1et;tinuu. best
 
pulsc,, for further studies n their uIMiLiteliueIt. Cottndlucted ien the pesi ,sipklc tll b lte'ared illtlhe
 

lI;.borau ilplil.t iu Itu'leasW in the fiel lIi
r\ tot 

Biology ol'Major Pest Species %%ili ligh pest iifcstitlli, ill aai lilitctIl ,ir slid iitt 

belp ,creeuieL stilc" tis Illt ictilepestI aittlilllel,
 
Thuili sludiesoithe biiiigyt f insect pests in relatitu dccreaIsed tile tihe\
sea. 

to different ectogical Contditins are very imnportant iii 
developintg pest-nitatiageittei strateies, such stLdies 
hae ntt yet beeni starued for insect pests Of' ptiise ill Eatluation (if' Need-flased Applica tion Schedules
 
Bangladesh. es er. st tue stidies tiii tie iugesit.y Folur Insecticides
I' 

ov ipOsititII. QO% lt nd ie\ citipieti of 

rittt( 'u/lloI sp in diflerenti pulse grauins luase beeni The use tf iniscticides iII plses as auplr l5 atei 
ctiipleted. Reia.rkible effects tlhe deftilpiineital is highlk dicturailni. (),crall. Itnsecticideili mtieasure 
bisitlgi of tile MO spCI,, O tihe pulse- beelle,, \ere use has se\eral ieg:li\e a)ec,,: itgtcllerales relLIcltaiCe 
obsers ed illdifferent pulses. (C.hintn.i. iillg pulse grtt\ cr. ito adtpt pel-cottnlrul0 
toiblack gra., btUt the gruh, did nit deseltip alter their coit I, er fhigh: tihe ctts-bcencfit is, 

laid their egg, lt tiieU.s: 
raiti figh for 

h.chtli Irtui the eggs. Simnilarly. C.nIna( lttin. laid insecticidal pest ctinrttl: aid iisecticitlihas e ani at
their eggs tillentil, but the subsequent deselopmtent t %erseeffecton iatural citics if iisect pestsaid tillher 
tie grubs after h:ichintg fron '.,a,. beneficial organisns. Ne\ertlcles,,,. insecticides are aiteegg, tialll 
sttpped. Mlung bean ind cuss pea served as the best key Ctipotnet tf the Integrated I'est ,ariaigeitent 
hosts ss(ile fieldpea %%asnthpreferred isa hot for the Prograim inall crops tiiclusdilig pulses,. Jtidicious ap
develtp-nent of pulse beetles. plication tf insecticides ftor ilisect-pest citolrid \ill be 

helpfl! inreducing the ntuinibertfapp licalitns. because 
though insecticides result iII a igh cttst-benefit raiiti 

Varietal Screening for Host-Plant Resistance to for pest conitrtl, they htivehtl;a.rdttus effects ti lhe 
Insect Pests ecos ste in. and their utcttrtiled tiuse presen itsa safletv 

risk ttothe sers/cilltners.
Screening germplasm tuoidentify sources of resistance Keeping the above points in view,, several insecti
against major insect pests deserves attention, as this cides were tested at different population levels tftmajor 
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insect pests of pulses in the field to select effective 
insecticides, and to determine appropriate (loses, 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. Deteriination of such need
based application schedules of insecticides for insect-
pest management helped entomologists determine the 
economic threshold for initiating control measures 
against specific insect pests. 

Testing the Efficacy of Various Pest-Control 
Measures 

The efficacy tn;anyv ineclicides ainstwere tesled agc 
the major insect pests ot cowkpea (Rahian and 
Raizudtil 1987: Raiunati I988). pigeo ipea Rahnian 
I989b). and stored ptilse, (Raliman al 'ada% I 19 85a, 
1985b. 1987: Rahinan 1981, ). Plant oils. nimcl% 
neeni, stard. ci coiltit. s bean. linseed, sesate. 
etc., were tested for their effeclivetcss ill controllii e 
pulse-beetle infestation iniistoeL pils,,CS )as and Klaim 
I986: Ralihan 19 89 ct). NeCnl-ol treattiilnt %\as fount 
to be the tnosi cffective in prote<'tin pulse seeds roin 
damage by pulse beetles. 

Some physicalimethlohds \%cre tested for ilieir elfi-
cac' itn disiifectling pulse grains agaiist pulse-beelc 
infestation. Heat Irealment of pule seeds \ ith boiled 
water for 1) Iiititits or cold treantent of ,eeds at 
12.5C for 4l It folly disitifested seeds froin the pulse-
beetle infestaliton t(Rah ian 19 89 c). Seed,. thus 
disinfested could be stored ftor long perid in sealed 

conltailiters oir polk'lt henc ba~gs wiithutt becoin iung infestd. 
A top layer of sand or ashio\er stored pulse seeds in 
glass containr %was found to be efleciive in preventing 
the entry of adult pulse beetles. (BARI I984b). 

Vertebrate Pest Problems 

Losses caused by vertebrate pests to pulses iii the field 
or in storage have not been studieti yet. Birds may 
cause dantage to pulses in the field just after seeding-
Various bird-repellent chemicals were tested in 
Bangladesh to drive away' birds frotnt seeded orsprouting 
crop fields (Pohec et al. 1980: Sultatia 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 

Th, progress in research so far discussed clearly indi
cates that many problem areas are yet to be tackled. 
The appointment of more entomologists in the Pulses 
Project of BARI will broaden the research activity of 
the pulse entonologists. Future research will proceed 
along tile following lities: 

Nionitrilng atid surveillance of itsect pest populations 
o pulses in relation to the changing, farnning systems. 

a II iccology, hiotoillnics.and life lables oflijor 
pest species of ulses. 

0 Artificial rearing, Of najor pest species. 
0 Screening ol'gernuplasni \ arieltics/straiti sagainst 

mtitaltr pest species under 01ptint1io1 ppillatiotn 
pressure ensured h artiticial ieIease. 

lxptalniatian atigitnnlatioln Of iliral en-
ClnieS and e%alitioll o1 biolLical conlrol 
ageit,. 

0 Testiint the efficac% of culthlral coiltrll tnea
sores such as ii illiptllillititll01 S .il (liles,. 
cftect s tit inte rtrnps ant irap crops. alld il-. 
\water-. and crop-lanageniei practices. 

0 "I'esliagthe efficacyo titchlit.al and ph sicaf 
control mteastires el.ciall\ against the hair,.' 
caterpillar and the ptifs beetle. 

0 Ealitiationtiof'plrittitt.ne traps al light traps. 
espec iallyagai ti Ih'lincupoand.',iroiucspp 

of pod borers. 
* Ev,iluiition tifcheip aid safe pesticides tOr their 

efffectiveness againrst major pest speciCs. 
* Determitiatn ofthle cia uitotnic tihreshold level! 

spraying threshold IL\ els ofl it1iitr pest species. 
a Esti.mation of toxic residue of' peslicides in 

edible portions of the pulse crops. 
0 Adverse effects of pesticidcs oi predators. 

parasitoids, and piollinators. 
0 Integration of possible control Measures into a 

package against the majorpests(s /pest coniplex. 
0 On-farm trials of the IPM package before final 

recomnmendation. 

Successful implementation of the above programs 
will require enough trained manpower, relevant fa
cilities, titerdiscipliiarycoordii;ition,arid internaitional 
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 component of the 
IntegratedPest Management program. Application offuradan 3G (d33.0 kg ha ' controlled the vegetative 
pests ofcowpea (Vigna unguiculata (L.) Walp.I. mung bean (V igna radiata (L.) Wilc:ek), and black grant 
(Vigna mungo (L.Hepper. But the control was profitable onv at high level ofinfeseation by galerucid 
beetles (Madurasia obscurella Jacoby0 and green jassids (Ernpoasca kerri Pruthi). te application of 
sumithion 50EC (i 0.08 a.i.]orthe control olEurchrysops cnejus when the egg number reachedarou.,td 
5 21n rqc7orow was most economical. Itchickpea (Cicer arietinum L. ). the application oJ a:odrin 40 EC 
(a 0.05 '(or dimethoate 40 EC (a 0.07 %,(or ripcord /0 EC (a 0.008 % offrred goodprotection against 
Helicoverpa armigera when the infrstation level Was 's Iian one larva or5 damagedpods 2 m i'croprow. 
npigeonpea (Ca janus cajan tL. Mi/sp. I.liar sprayso ripcordIt) EU a 0.008 %7ordimethoate40 EC 

at flowering or when eggt,, 
15 days interval up to inwturity offjrecd the bet protection. Nogos l00 EC (a 3 microlitre kg ' capacity 
container, heat treatment with boiledwater, and cold treatment at 12- 15"Cfir 10 main workedas e.celent 
disinfc'stant.s a,'ainst pulse" /W't/es (Callosobruchus chinensis Linn. and C. inaculatus Fab.). Neem. 
linseed, mustardand cocont oils, and decis and .evili dusts were highly iff'ctive as igrain protectants. 
Earthen containers with sealed lid.%or a top cover ofisand or aish. or gt'utnn 

( 0.07 '7 number of Maruca reached 2 in' crop row and then repeated at /0

bags lined with po/tlhene 
protected the pulse seeds against bruchils. Based on the available iforinat.,. Inti'-Yrated Pest 
Management (IPM) schemc.,fOr diffi'rent pulses have bcen proposed. 

Introduction 04.33,4 in chickpea. 46.48(; in lentil (Lens culinari 
Medic.). 29.1(. in biack grant, and 4.)1' in fieldpea 

The major insect pests eflected pulse crops cause (Piu'Ao .Sal'toitt subsp arve,',') by pulse beetles 
subs'antial losses in yield. In black grain 0 ig'nalnit)ngO (Callosobrtihs chinensis Linn. and (. maculattts 
(L. Hepper)up to 97(; plants %ere found to be infested Fab. were registered ater6-X nontlihs o,,torage HiARI 
by stem fly. 1O(i leaves b, galerucid beetles 1983. 1984a. 
(Madurastaobsc'urela Jacob ),. 17 ,;pods by podand In spite of such losses caused hy insec pests. pulse 
borers (BARI 1984ai. Rahnan (1988) Iound 43.4(( growers, in general. kere highly reluctant to follo ans 
leaf infestation by green jassids (tinpoteaia kerri pest-contrOl ineasure. II vever. recentl. due tI Ole 
Pruthi). 14.4 % galerucid beetles, and 47(4 pod infes- high prices of' pulk.es and increased asareness, the 
tation by pod borers in cow pea i,ma an'nuicdata L.) demand for pest-ccntrol methods is on the rise. During 
Walp.). Pod bore's alone were reported to cause grain ie last lessyears. efforts have been made to deeclop 
losses of 136 kg ha in mung bean (Vi, naradiata(L.) pest-conrol mcthods to meet the immediate needs. A 
Wilczek), 191 kg ha in cccwpea (BARI 19861. and 40(1 major emphasis has been given to the chemi cal-conlrol 
kg ha 'in chickpea CicerarietinunL.) Rahman I989a, component of Integrated Pest Management (1PM). 
In storage a maximuni infestation level of 98.4%( in while other components. like cultural praclices. vari
mung bean. 72.977 in khiesari (Lathvrs sativits L.). etal resistance, and biological control agents have 

Citation: BARI (Bangladesh Agricultural Rcsear: ! Institute).1991.
Advances in Pulses Research in Bangladesh: proceedings of theSecond 
National Workshoi on Pulses. 6-8 Jun 1989, Joydebpur, Bangladesh. Patancheu. A.P. 502 324. India: International forCrops Research Institute 
the Semi-And Tropics. 
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received little attention. However. studies on chemical 
control were designed in a way such that simult:., 
neously, much useful infiriation was generated for 
use in designing IPM strategies for cowpea. Fo," 
convenience, on the basis of similarity in pest prob-
lerns, the infornration so far available is presented 
under four groups: ( I) black gram, ung bean, and 
cowpea, (2) caickpea. (3) pigeonpea, and (4) stored 
Pulse!,. 

IPM Components 

Black Gram, Mung Bean, and Cowpea 

Galerucid beetle, green jossids, bear stern fly 
(OphmyiaoplrseoliTrvou. whitetly (I'emsio tuhaci 
G.), hairy caterpillar (Diucrisia obliquit Walk), and
aphids (Aphis cracciv'ora Koch) infest fibe cop and the 

seedling stage and continue to flowcring, while blue 
butterfly pod hi c- (Eu 'rvsops cnt/ju Fab.) alld 
sptt .'d pod borer .Mauroa .tulalis Geyer) damage 
floseer buds. Ilowers. and pods of three crop". As a 
control ineasure. sev-ral imrrecticic s havc been 
evaluated with the objective of' keepir, the pe:ri 
populatiotn at the ill, ill:ii level with tie orliirnunL 
appiicartion of insect icides at hpri iper rie or stIIWe of 
tire crop to obtain rmaxinitrn benefit M.,ARI I,'Xtr: 
Rahman 1987. I9,48, 1989a). In stich a study s.ith 
lnlting bean. hanpicking "art spi ,pr Vig against rie 
hrairy caterpillir, plius a hohai spa, .ih nrethyl 
paratihion (0.21;4 .l! a l'optlatiorr level of I) sten Ily 
4m 'crop rosy,. I ,i~sids and ''. Itllies Il air 3nd al, ,o 
ait 5'4 lces of pod-borer irufesttin, .a,, fourmd to 
ite rease tie grain vield by 171, g Ira isl control. 
However. tile highest and iu~rt at.ccpiablc .ost-benefit 

rIio was obtained by contrtlg ihe pod borei, ,vii. 
the application of surn ith i rn.- 3It2 10.2 level'; at 51 
ofinfentations (Table I I. Sirnili.rly. i d-hirer coiltrol 
through surnithio io pp!ication resulted il alr accept-
able cost-benefit *atri althOLu";I OIniiI Of tie total pesti 
co iplcx ilncluding pod brersi increased the era in yield 
by 22(1 kg hectare ' in black gram I IIARI 19,861. Like-
wise in cows'pea, soil application of carto furanI 1.5 kg 
ha significaitly reduced the gal,:rucid beetle infesta-
tion but the effects wcrc nor rellccted in yield. 

Soil appplication of Iurad,ti 3 EC (o 1.5 kg a.i. li I 
just prior to sowing followed by foliar applicatiin of 
azodrin 4(1 EC(" 0.071, at 50 4 flowering protected tile 
crop front a reduction in yield, v. iile co\vpca plants in 
tlitreated plots were severely infc,;ted by green jassids 
and galerucid beetles (Table 2). nianother trial on 

need-based application of insecticides against the pod 
borer in mung bean in 1987 at Joydebpur, it was found 
that the spraying of fenitrothion 0. 1%when egg num
ber reachedabout 5.2m Icrop row (0.21 cg plant') or 
at fIlowering and the seond spray either at an interval 
of 15 days or at podiing offered the highest cost
benefit ratio (Rahman 1989a). 

From the foregoing discussion it is clear that the 
control of vegetative pests is possible through furudan 
application but it is noi aprofitable proposition until the 
infestation level by green jassids and galerucid beetles 
becomes high. The incidence ofgreenjassids.galerucid 

beetles and aphids is often high incowpea and thus this 
crop may need protection. 

Chickpea 

cutgwon (A.,r 1ietis ipsihu thuh:)cause, darage to 

the seed! ingswhile the pod borer (hlicoverpaarmigera 
[luN.)destroys the foliage and pods, in particular, and 
poses tie most serious problem inchickpea. A number 
of local and introduced lines have been screened to 
identify resi,;tant varieties/lines against pod borers. 
Irregular arid inrsufficient pest attack resulted in in
con',isteit resuls across .eas and locations. How
ever, chickpea cultivars Sabur 4and Nabin pcrfoniied 
corisistetll well in terls of'resistance and graii yield. 

! aIll evaluation of rlalagelient schedules against 
lfirmrerpl. rrniocrtlophlsO .,05',iat fluwering and 

then repeated at an interval of 10 days uffered good 
protection. The population was too low (1.25 larvae 
rn and caused 84 kg ha 'grain loss in nontreated plots. 
In another study during 1987/88, the author found that 
azodri r40 EC @ I.( 5": or ripcord 10 EC @ 0.008% 
or dimethoate 40 EC (d, 0.071t' applied when damage 
level reached 5damaged pods 2 In 'crop row also off
ered good protection. The population in this case also 
was less than oie larva ini and it caused 3.5+Y pod 
infestation ill nntreated plots. This tie observed 
population and the corresponding levels of pod infes
tation arid grain loss are inconsisten and do not tally 
well with the findings of olher workers (Chaudhary 
aid Sharna 1982) 'ho reported that the continuous 
presence of even a single larva imI row during pod 
forination could cause about 6.9/ pod damage, 6.2% 
grain loss, and 5.4(/ yield loss. This ,'as perhaps due 
to the low 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 Ih'licoverpa armigera needs to be 
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Table 1. The effect or different doses of Sumlthion in Integrated Pest Management (IPM) of mung bean, Joydebpur,
Bangladesh, 1985186. 

Treatments 

T, 0.05% spray at 10 stem fly 
4m' 

T, 	 0.2% spray at 10 stem fly
 
4ml 


T, 	0.5% spray at 10 stem fly
 
4m' 


T, 	 Iland-picking and spot spray 
against hairy caterpillar: 0.)5/ 
Sumitlhion spray against jassids/ 
whitefly at I10plant 

T, 	 Hand-picking and spot spray 
against hairy caterpillar; t).2 1i1 
Surnithion spray against jassids/ 
vwhileflN at 10 plant, 

T, 	 Hard-picking and spot spray 
against hairy caterpillar: 0.5 ; 
Sum ithion spray against jassids/
'Ahitefly v"10 plant 

T. 	 0.05',; Suinithion spray against 
pod N)rer at 5'( level of 
nfestation. 

,T 	 U.2' Suinithion spray against 

pod borer at 5'1 level of 
infestation. 

"I" 	 0.5(/ Sumithion spray against 
pod borer at 5'; level of 
infestation. 

T, 	 Carboluran 1.0 kg a.h ha 
0.051;; Sunithion spray at 40. 
50. 60 and 80 DAP. 

T11 	 (TI + T, + 1) 

T, 	 (T, + F +T) 

T,1 	 Nontreated Control 

Seed 
Yield 

(kg ha ') 

562fg' 

573f 

573f 


566g 

556fg 

559fg 

595d 

694b 

698b 

628c 

648c 

728a 

556g 

Increased 
Yield 

(kg ha') 

5 

17 

17 

10 

5 

3 

38 

138 

142 

72 

92 

171 

Seed Cc-st
loss Benefit 

(kg ha'1) ratio 

134ab 1.82 

13lab 2.27 

129b 0.90 

133ab 0.38 

130 0.3(0 

13lab 0.32 

63c 1.70 

28d 6.11 

23d 2.53 

59c 0.69 

65c 2.33 

27d 3.79 

136a 

I. Values followed by the same letters within a column tit) not differ ,ignificantly 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 43.3 942 47 396
 

Carbofuran 1.5 kg a.i.
 
ha " ' (Furadan 3G)a: +
 
monocroto phos 0.07%
 
(Azodrin 40 WSC) b 6.1 2.4 42 17 797
 

Monocrotophos 0.07%
 
(Azodrin 40 WSC)c 4.5 23.2 569 21 594
 

Dimethoate 0.07'7(
 
(Roger 40 WSC)c 11.0 25.6 500 16 625
 

Diazinon 0.07rc/
 
(Diazinon 60 EC)c 14.9 34.9 612 34 524
 

Cypermethrin 0.007%
 
(Ripcord 10 EC)c 5.9 16.2 500 16 625
 

Carbotfuran 1.5 kg
 
a.i. ha' 3.7 2.7 52 28 547 

SE ±0.33 ±2.93 ±2.0 ±6.8 ±33.55 

1.Trade names of protducts used are inparentheses. 
2.a Applied in furrows just prior to sowing 

b Applied as foliar spray at flowering. 
c Applied as foliar spray at two-leaf stage and again at flowering 

Source: Rahnian (1988). 

supplemented by art ificial release or the studies shou ld 

he cotnducted tttder controlled conditions with arlifi-

cial release of the pest. As such noctnclttsion regard-

ing the ecotiomic threshold level/spraying threshold 

level for hlico'erpaarmigera could be drawtn under 
our local conditions. However, a recomtendation has 
been made in tdia to apply insecticides against 

li'o\verpa armigera wlien tile larval population 

reaches one larva r ' crop row (ESI 1981 ). 

Pigeonpea 

The pod-borer complex consisting of four species viz., 

spotted pod borer (Maruca testulalis), blue butterfly 

pod borer (Fit-hrvs.qos cnc us), plutne moth (Ekla.s(is 

tutpiloso Walsh), and podflv ,'i'letiagron-ii oblo.a 

NIaloch). is a threat to the fproduction of pigeonpea. 

Among them.,aIrtu'a tftiltilis poses the most scri(ils 

prohlet. causing damarge by boring into flower buds. 

wsebbing flowers and pods. and also feeding inside 
pods. 

Thirteen insecticideshave been tested forthe control 

of the pod-borcrcomplex. l)ecis. ripcord, or suinicidliti 

(fr 0.00(' applied at Ilo.veri og atid aga in at podding 

were effective (Rahnan It)9b). Cypernetlhrin (a) 

0.((081, at flowering, 5(4 flowering, I((4 Ilowering. 

and I00,'i pod-set gave complete protectiotn to the 

crop. even at a high level of pest population (Table 3). 

In 1987/88, the author found that ripcord 0.081/8 a.i. 
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Table 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, BangIpdesh, 1987/88. 

Danmaged 
Distinct clus- pods in % iufesta-

Treatment ters made by cluster tion of 

(No. of Maru'a plot plot' s pods by Avoidable Cost-benefit 

spray with on 31.12.87. on 31.12.t87 Maruca Pods plant' Grain yield yield loss ratio 

R & D) (No.II (no.) on 4.2.88 on 4.2.88 (no.) (t ha') (kg ha') 

T, (2-R): 6.50' 7.25bc 
T, (2-D)- 14.00 21.50abc 
Ti (3-R) 4.50L 9.0c 
T4 (2-D) 9.25abc 21.75a,,,: 
T (2-D) 21.25ab 37.75ab 

T, (4-R) 0 0 
T, (Control) 27.75a 48.0a 

1. Data were anal) ,ed after appropriate tran,bn,, ations. 
2.R: Ripcord 10 lEC(d 01.()X'q a.. D-Perfecthion 40 IC (i 

14.9.Lcd 18.48ab 1.84abc 414 4.36 

16.26c 17.1 lb 1.59bc 168 3.54 

8.79e 19.10ab 2.30ab 871 6.12 
I1.78de 19.48ab 1.87abc 461 4.86 

21.38ab 16.O0b 1.81be 389 4.10 

0.Of 25.57a 2.61a 118 6.23 
25.)9a 15.74b 1.43c 

,RO a.i.: applied atdifferent times as per the setschedule. 
3.Values followed by the sante letters ineach columni are not significantl. different from each other at the 0.05 level. 
Source: Rahman and Rahtnan (19891. 

applied when 2 eggs of Marut' il i crop row- w,-e 

observed and repeated after 10-15 days also gave full 

protection to pigeonpea front the pod-borer complex. 

Stored Pulses 

All pulses are severely infested by bruchid beetles. 

Mung bean. cowpea, pigeonpea, and chickpea are 

infested by both the species while lentil is infested only 

by C. chinensis.and black grant is infested only by C. 

tnactdatics. I1t a laboratory study during 1988/89. the 

author found that the initial presence of fotur larvae or 

eggs or one pair of Caflo.sotru'hu.s sp could cotm-

pletely damage 1(0 g of the pttlse grains within 2-4 

months depending ott the type of' pulses, stage of 

maturity, and species of the insect. Muntg bean. cow-

pea, pkieonpea, and lentil required the least titte. C. 

chtnensis was more devastating than C. ina'to/lts. 

Pulse seeds may contain some or all of the four 

stagese.g. egg, larva. pupa.and adultsofCallosohruclhus 

sp. Thus a combination of different measures that are 

together effective against each of the above stages will 

effectively protect the pulse grains in storage. The 

results of some such studies arc presented below, 

Deltamethrin dust @ 3.0 ppm effectively protected 

mung bean, chickpea, and lentil front the adults of 

pulse beetles, (Rahman and Yadav 1985a, 1987). 

I)eltanmethrin emulsion 20 tug In otl the surface of a 

jute sack was effective for up to ; 80 days (Rahtan and 

Yadav 1985b1. E. ht ml of neen oil kg offchickpea 
seed was the mtost econotlic ColnCelntration. cau itng 

complete mortality of aduts and also inhibiting ovipo

sition by adults ofC.t lhit ct.is Das 1086). Funtigatiot 
by nogos 3.1 microlitre kg ' capacity container with 2

5 days' exposure or heat treatment with boiled water 

for 10 in or cold treattent at -12.5'C for 481 or sun 

drying for 22 h destroyed the fottr stages. Neern oi 1 10 

ml kg ' grain was effective againt all stages except 

pupae and linseed oil of 10 tnil kg ' grain was effective 

against all stages except ltrvae and pupae infesting 

sutng beati. Out of 9 treattnents applied oit cowpea 

seeds containing 2M, infestation and 5 pairs of adults 

of C. mactlats. fumigation by togos, or heat Ireal

ncnt orcold treattiletastileltiotted above aid followed 

by storing in sealed polvthene bags kept the seeds 

completely free from ant infestation while storage in 

sealed polythetne bags and ticatment with neeti oil 10 

ml kg' grain offered 95.2'( grain protection, linseed 

oil 10 ttl kg 'grain offered 910.74, decis dust 3.0 ppm, 

99.9-/r. and sevin dust 51 ppm, followed by storing in 

sealed polythente bags offered 87.9% protection, as 

against 92.4c grain infestation in control during 5 

months of storage. None of the treatments affected the 

germination ofccwpea while heat treatment for 10 min 

byboiledwaterseriouslyaffectedgerminationinmung 
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bean (Rahman 1989c). 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 earthen containers also pre-
vented external infestation of pulse beetles (BARI 
1984b). 

Proposed Control Schemes 

Based on the inaiornation 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 large scale. 

Black Gram, Mung Bean, and Cowpea 

Normally. there is no need for any control measure 
against the vegetative pest complex. However, if 
severe infestation especially bygreenjassids,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 with ripcord 1.0ml litre' waterorazodrin 
2.0 ml litre' water at 2 weeks' intervail may be 
applied. 

2. 	 Hand-picking and destroyinp !gg masses or 
clusters of star lar.,ae of hairy caterpillars or 
spot spraying them with le'aycid or suinithion, 
2.0 ml litre-' water: foliar spray with sumithion 
2.0 ml or ripcord 1.0 ml or dimethoate 2.0 nil 
litre ' of water when eggs of Ech 'vsopsnum-
ber around 5 2m 'crop row or at 50% flowering 
and repeated at an interval of 2 weeks, 

Chickpea 

I. 	 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 forandcollectingcutwormcaterpillars from 
near the cutplants and destroying them. 

3. 	 The infested fields may be flooded for a short 
time for controlling cutworm. 

4. 	 Basudin lOG 17.0kgha'ordiazinon 14G 13.5 
kg hal may be mixed with the soil before sowing 
to prevent cutworm infestation. 

5. 	 Cultivars such as Sabur 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 ml litre Iofwater. 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 
at an interval of 2 weeks. 

Pigeonpea 

Since the crop can compensate for damage caused in 
the early stages no control measure is required at the 
vegetative stage against the pod borer complex. A 
foliarsprayisappliedwithripcord 1.0mlordimethoate 
2.0 ml or sumithion 3.0 ml litre ' of water. The first 
spray isjust at flowering, the second at 50% flowering, 
the ihird at 100c7 flowering and the fourth spray is at 
100% pod setting. When the egg number of Mariua 
reaches I m ofcrop row. the first spray isapplied, 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 at 2-month intervals. 

Grains should be stored in earthen containers with 
sealed earthen lids oratop coverof sand orash (7.5 cm 
thick) or in gunny bags with polythene lining, and 
closed 'ightly. 

Grains should be inspected prior to storing and also 
atan interval of 2 months after storage, taking at least 
5samples each of 10-1 00g depending on the size of the 
lot, using aprobe. 

If 4 eggs or 2 larvae or apair of -Ailt pulse beetles 
!Og' 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 ml 
kg' grain, followed by storage in containers as men
tioned above or in jute bags, provided the bag surface 
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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 
lentilbecaueofitsadverseeffectontheirgermination. 
Seed treatment with decis dust 3 ppm or sevin dust 5) 
ppm at an interval of 4-5 months is recommended, 

Discussion 

M. A. Wahhab: YQu have used linseed oil and neem 
oil to control stored grain pests. Did you try groundnut 
oil? 

M. M. Rahman: In my studies, I have not included 
groundnut. However, other workers have studied the 
efficacy of groundnut oils in controlling pulse beetles, 
To mL, the use of groundnut oils is not promising. 

A. Islam: I. You have suggested growing chickpea 
cultivars Sabur4 and S I (Nabin) to avoid pod borer. Dr 
Shaikh also suggested the use ofchickpeacuLtivars like 
Hyprosola to avoid pod borer. Have you studied which 
is better among the cultivars - Sabur 4, Nabin, and 
Hyprosola? 
2. In the study of mung bean, you have shown ahigher 
cost-benefit ratio. Is it ,--ly considering insect control 
on variable cost basis? 

M. M. Rahman: 1. I have studied the reactions of 
several cultivars/lines including Sabur 4. S 1, and 
Hyprosola. The performance ofSabur4 and Nabin was 
always better than Hyprosola. However, in some trials 
Hyprosola also perforned 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 calculated based on 
the total costs of insecticides, hibor. and equipment. 

E. D. Magallona: The pyrethroid insecticides appear 
to be quite effective against the major pests of pulses. 
I would just like to sound a warning about these 
compounds. As agroup, pyrethroids are notorious for 
inducing the insect to develop resistance. Good e.-
amples are Helicoverpaarmigera and Prodenia litura 
in cotton and Plutella xvlostella in cabbage. Maybe it 
isthe opportune 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 regarling the effect of' pyrethroid in 
inducing resistance in insects. However, this is true, to 
Sonic extent, for other groups of insecticides too. Un
forunately, we do not have, at present, any basic 
toxological data of any insecticide for any pest. So 
comparative study to determine whether an insect has 
developed resistance to aparticular insecticide cannot 
be done right now. 

I agree with Dr Magallona that Bangladesh should 
draw up a program for the study of pesticide-resistance 
management. Such programs may be developed under 
the Toxicology Laboratory of the Entomology Divi
sion, BARI. 

M. 0. Islam: I have observed this year that late-sown 
chickpea was badly damaged by Hc'liioverpa,but the 
same genotype sown at optinmun 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 
population of lhelicoverpa - this is simply an escape 
mechanism. But in case of late sowing, the crop 
flowered and set pods at this time when tlehoverpa 
appeared in large populations - this is simply acoinci
(fence of the suitable host stage and critical pest 
population. However, this mechanism can also help in 
growing chickpea free of Ihe'i'overpa infestation. 
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Present Status And Future of Postharvest Technological
 
Research on Pulses 

M. Ainiruzzaman and J.C. Shaha Chaudhury 
Bangladesh Agricultural Research Institute, Joydebpur, Bangladesh 

Abstract 

Pulses are attackedby insectsand pathogens during storage and thereby lose their viabilit ' and consumer 
acceptance. The postha uvest technology project ofBARIfunded by IDRC, sur'eyed thefarmers' storage 
conditions in Bangladesh during 1981-1984. It wvasfound that as much as 64% infestation ofchickpea 
(Cicer arietinum L.), 35% of lentil (Lens culinaris Medic.). and 24% ofmung hean (Vign. radiata (L.) 
Wilczek), by hruchids occurred withinfirst 3months ofstorage. Twentv-fourpathogens were isolatedfrom 
thestorable seeds, ofwhich Altemaria sp, Cladosporium sp, and Curvu lariasp were predominant. Viability 
ofstored seeds was also r duced by 30 to 80% ij the moisture 'ontent en (eededthe safe level of8%. High 
rainfalland high humidity (90%) in the 4 muonths ofpostrainy-season storage made them more vulnerable 
tofungalattack Tradi, onal storage systems include kerosene tins, gunny bags, bamnboo doles, earthen 
pitchers (motka), etc. Research indicated that proper drying and storage of seed under one inch of ash 
or sand helped better storage. Treatment of seeds with vegetabhle oils and leaves of neem and tobacco, 
and use of improved containers greatly reduced damnage (huring storage. The Jiture 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 mainly from 
inadequate storage, and inefficient drying and milling 
procedures. 

The Legumes Postharvest Technology 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 
engineeringhavebeenappliedtothevariouspostharvest 
studies. This multidisciplinary approach to surveys of 
pest incidence, microbial association, seed viability, 
and socioeconomic constraints to farmers' methods of 

Citation: BARI (Bangladesh Agricultural Research Institute). 1991. 

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 cithe agricultural produce during 
the rainy season when the mean relative humidity is 
more than 90%. This condition encourages the mul
tiplication of insect pests and the development of 
various fungi. The storage of already infested seeds or 
seeds with high moisture content, use ofnon-disinfested 
containers/areas, and the inability of fanners to adopt 
effective protective measures against insect pests and 
microorganisms, are the major factors contributing to 
the spoilage ofseeds in storage. This project therefore 
aimed at detemining the extent of losses incurred in 
various methods of storage at the farmers' level and 
developing appropriate methods of storage that can 
easily be adopted by fanners. 

Advances in Pulses Research in Bangladesh: proceedings of the Second 

National Workshop on Pulses, 6-8 Jun 1989, Joydcbpur. Bangladerh. Patancheru, A.P. 502 324, India: International Crops Research Institute for 

the Semi-Aid Tropics. 
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Insect Pests of Pulses 

Pest Incidence in Storage at tie Farm Level 

Insects pests responsihe for danage to stored pulses 
are two species of ('allsobruchus. i.e., (i) ('olo.so 
bruchuschin'nsi.%(L.). and C-'Ilosohru'hus antuatts. 
They are commonly kno%%n as pitse beetle ain c hcInc 
to tle fain iiI 13ruch idae and ,he order Coleoptcra. The 
pulse beetle is a inajor pest cat,sin g heav damage to 
stored pulses, 

A SLrvCy ', Is carried t atlltisc locations: Ja.lnalpLr. 
Kishoregonij. FeiIi. Ish"Iii. and Jc,,sorc. to determine 
the effectiveness o 'various containers use..d b, tanlers 
againt st daimage b. pulse hectle t sx tiajor pulse,, 
during , nontlhs' slorace at tihe farmi level. Ili almost 
all caes, basic sa',uplcs dras. i train these locations 
prior to storilig shiosed either no or serN loss pest 
intestatiti. This indicates that fariers in general took 
sificiCl care ofltheir prtodLce fronlhars.cst it storage. 
At the end of 2 months' storage at Ishurdi, chickpea
('i',rarietiiumIL.) stored 	 ticlosed kerosene oil fins 

suffercd a loss (it 630.3' \%titlI the pcrccntage of inits-
laliOll ill lemtl I.i'.s 11/1,1M Medic.) storcd ili open 
druins but co crcd s%itli sh. \as 34.X()' . The ilifteta-
tioit ssas iol,\ I91( \ile[) Icirirt s lored ili haiibiio 
iliade liir\ v%itlhlit lop co Lid h sand. All samples 
of ihler pulses fronit l:ili. Isliurdili aid Jcsorc \kere 

ill sesC10 o .".ICiits.to ariOUS 
The incidcnce of ite inseCt illi 6 to ' Moiths f 

,storage. ]li\cl \ Iroli than I to I)M".rarc.i Ies 
Sced, s torel in ciered metallic containers. gI nin, 
bags,%kithpot1thC1e h111. earthen ltalitainers %ith 

Table 1. Intensity of pulse-beetle infestation and tosses 
in stored chickpea seed treated Aith indigenous plant 
materials, Ishurdi, Bangladesh, 1981/82. 

Treatment Mean Infestaiioin Mean grain loss 

Tobacco 3.0)6a' 1.15a 
Neem I3.33b 4.43b 
Biskatuli 15.2 1b 6.20b 
Nishin 5).93c 29.9 1C 

Control 64.5 td 35. IId 

1. Vatues fiitmcd h%the sameletiers do noudiffer sigrnficantl at 

the i.! t level. h/i'kaltali. 

sealed mouths, bamboo containers made locally known 
as urv with the top covered with very dry sand, were 
alhost free trom beetle intcstation for tile entire 8 
months' storage period. 

Seeds stored in eartheii ci lainers or lctallic drumns 
covered with sand. gunny hag, with polythene lining, 
very tightly-packed gunony bags. plastic hags, metallic 
pitchers with inud-s aled lids, or covered metallic 
drums %%cre:dniosl ficc front beetle inl'estation during 
the entirc 6-nionli stirage period. There s,as, how
ever, considerale intestation in lentil and chickpea 
stored in earthen pots (Onotka ,%ith ash. and open 
earthen pots. 

Control of' Pulse Beetle 

Plai omt'riaAl. 

Indigcn otis plant tialerials hasing lo hazardous effecl 
na\ offer protection aga inst the pulse beetle. T,wo 
\lperinients %%ere conducted to evaluate the efTective

ness of some ildigcloiis plait materials against pulse 

beetles. tIe inst ssiih stored chickpea and tie second 
ssithstored hlack grain I iianiorcoii..)tepper atd 
khesari (L.athvios .atii\ I.. 

Ili the cperinrent \ ith slorcd chickpea. 0.2 ke 
dricd aind po\ dcrcd leaves of cactilltf tour iidinous 
plaints. \I/, tobacco i 1'irill lilb(bila i. aiicm 

i.:./h/d /)lnasI ai. tallIP/,(,/\"' ,mvai i sl arrl/lmlaor 

and mltdho ,, 0iI ii 5, cr throughly niedI(i,'l vai/o 
v',tl 4 kg chickpea seeds and put Ili earthen pois. 
NL\SIs eirLed beetIcs. 21 inale and 20 ftetiale. %%ere 
released ill cctih LoiitinCr. After 3 monthstli the 

pe.rcelite of illicstatloii s .;a.lc.lted tront randomn 

Il tire c\perinieni, \%ith black grain and klhesari. 
t''in. ianiari Id I I aarmdr tIt tn a i.and dil ura 
(I)aliIasit,\aoiscrc used as repellents. These ia
terials s r. tlltorighl dried and puss dered. atl I0 of 

ch 55as Used as Nrt.ic' tp co\erirg for I kg dry seed 
i t Ith ' itoisture content) placed separately in 2-kg
glass jars. their I) pairs of lie .' IN-cte rged nale and 
telitale adtlt putL' beetle,s \ere introduced intoteach 
jar. The jars %scrckept inside a 22 iiesh %ire net 
enchlosr.s Afn lt il storage. insects,te(r onth, 	 leaf 
p. der. amid trass \.crc sicL¢etl iill and the seeds were 

re\%	cighed. 
E\perintcns '.sith cliicI..pC ildicated that tiOhCco 

offtered the iiamitritti protection Itolhiisd ty eni. 

aid tii.,hiidla (Table I I. The trend of grain
loss %kassimilar to that ront ilfestation t BARI 1982). 
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In the experiment with stored black gram and 
khesari, results indicated that weight loss in black gram 
seeds treated with neern and tamarind was significantly 
lower than the control (Table 2). There was significantly 
less weight loss in khesari seeds treated with neem leaf 

powder. No significant differences in weight loss 
were, however, observed among tamarind, danra,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 (1%) Weight loss (11c) 

Neent
Tamarind 

0.35b' 
2.53ab 

1.23b 
5.32a 

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 I.0llevel. 

Salt waer 

50(Icowpea( Iigna ntuiituhita Wap .)sceds wereIL.) 
th.,roughly washed in wann water, salt water. and plain 
water separately, dried in tie suit. and then kept in two 
types ofcontainers, polythene bags and clean tinpots 
with lids. Pest incidences v.ere determined frot the 
number of infested seeds after 7 ntonths of storage. 

Warm water, salt water. and plain water-treated 
seeds stored in polythene bags were altost free fron 

pulse beetles (Table 3). Plain- -,ater treattnt was not 
effective in controlling the pest when the seeds %crc 
stored in tin pots. Heavy insect infestatiott was observed 
in nontreated seeds Icontrols) inboth containers. 

In the case of tontreated seeds, pest infestation 
might have been initiated from fertile eggs adhering to 
the seed coat. It is very likely that the eggs in the treated 
seeds were eliminated due to \%ashing with water 
(BARI 1983). 

Edihle oils 

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. 

Infestatiun (%) 

Treatment 
Polythene bag Tin pot 

Warm water 0.46a 0.4al 

Plain water 5.73a 29.66a 
Salt water 4.!2a 2.53a 

Control 51.46b 72.6b 

1. Values followed by same letters within acolumn differ do not 
differ significantly at the 0.01 level. 

controlling pulse beetles inseed,,of chickpea. khesari. 
lentil, and black gram stored in glass jars. Seeds were 

treated with oils althe rate of 1(0til kg '.Three pairs of 
nes, l, emerged pulse beetles were introduced into each 
glass jar. After 5 toontls pest incidence was deter
inined. All oils used were higtiel\e ffectie it protecting 
the sceds against pulse beetles (1'able.4) 

Relationship of Pulse Beetle, Fungal Incidence, 
and Moisture Content 

To determine safe seed-moisture level for storage, 
fresh chickpea seeds with 817, 1211. and 16(4 moisture 
content were placed in airtight tin containers. Samples 
were drawn after 6 tnonths and examined for pest 
incidence and fungal infestation, using the standard 
blotter method. Chickpea seeds with 8(7( moisture 
content remained absolutely free from insect infesta
tion. while those with 12'4 and 1614 moistire showed 
pulse-beetle infestation ranging frot 16% to 21.2'7( 
Table 5)(IBARI 1984). .s4Trulli.S sp,'PeiCillint 
sp,AlIeriaria sp. and Rhizopos sp. %kerc the dominant 
fungal species ationg the 12 genera recorded. These 
storage fungi could not multiply at the 8/t moisture 

level. but could at 12(," 16and moisture, except 
Alternariasp. which declited at higher moisture levels 
(Table 61 (BARI 1984). 

Moisitrecontent and]iagalincidence 

The incidence of Asperqillus 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 w'th edible oils 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 3.22 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 S.Incidence ofpulse beetle in stored chickpea seeds 
with different moisture contents, Ishurdi, Bangladesh, 
1983/84. 

Treatment Mean infestation (% i 

6, moisture 21.2a' 
12% moisture 16. 1a 
8% moisture O.0b 

1.Values followed by the same leiters do not differ ,ignificantl, 
at the 0.0)5 level.at the 0.05 level. 

storage period, while an incidence greater by about 
60% was recorded in seeds tnaintained at 1214 moois-
ture, and 70% in those maintained at 16% moisture. 
Similar behaviot was shown b,' tihe other two genera. 
Incidence of Alwrnaria sp. dcreased drastically in 
seeds with 12% or 16% moisture, 

Initiation of Bruchid Infestation 

In order to determine whethcr hruchid ifestaionin 

stored pulses start in the field. three 1000-pod samples 

each from lentil and chickpea %kere randomly drawn 
front the field. The first satple i as taken at 21 days 
before haLrve st.anid the iitbNcUellcones at 7-da in 
tervals. These otls %kere c\anmined for intuature 
stages of the pest. partictilarl. eggs. and then held in 

jars. for tie period needed for aduIt emergence.1 iot bcSitice there v%as,tio such energence. it clearly hodicated 

that such infestation did not occur in the field. To 
deterotine w\trhelier bruchid infestalion started at an\ 
stage bet\k ecn harvest aitd storage. 200 gof fresh seeds 
of lentil and khesari were d:ed itinthe tin foir 6 h and 
ech pulse was divided into t\o lots. In one lot. dried 
.eeds were tightly tied inta cheesecloth bag. while 

seeds of the other lot \%crc kept exposed overnight, 
after which both lots were dried in the sun. After4 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% moisture 

Fungi Initial Final Initial Final Initial Final 

Aspergillus sp 30.0 31.0 7.0 68.0 23.0 96.0 
Alernariasp 49.8 69.8 80.0 2.3 30.5 0.0 
Penicillium sp 32.5 6.5 6.5 43.5 12.8 24.5 
Rhizopus sp 0.0 5.8 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 khesari 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 undertaken the following year 
identified several containers tor storage. Earthen 
pitchers with their tops covered with sand. polythene 
bags covered with gunny, earthen pots (motkas), and 
gunny bags with polythene lining proved effective in 
maiaaining seed viability even after 8 months of 
storage. 

A separate study in the laboratory on the relation-
ship between physiological maturity (detennined from 
stable maxinium 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. Incaseofchickpea, storedsecds 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: 

I. 	 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 d,'opped 
quickly to less than 10% by April (next sowing 
time). Black gram showed comparati.ely bet
ter storability than mung bean. 

2. 	 Physiologically mature seeds of chickpea con
tinued to exhibit excellent germination (90%) 
during the whole period of storage. On the other 
hand, physiologically mature seeds of lentil 
continued to show improvement in germination 
during storage. (It is primarily due to a decrease 
in donnancy of hard-coated seeds with passage 
of time during storage.) 

3. 	 Lentil seeds wi.h initial moisture content be
,
tween 7.4 to 10.2%,'and chickpea seeds with 

initi:d moisture content between 8.8 to 12.8% 
retained viability (80"/ ) during storage simu
lating the fanners' storage method. It took 9 
days of sun-drying after hai vest to 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 season 
when drying is inadequate, iisects are present, or 
stored grain is exposed to high humidity or seed rot. 
The development of storage molds normally does not 

Table -1.Seed-moisture content and germination of pulse seeds stored in different containers, various locations in 
Bangladesh, 1982/83. 

Container 

Coal tar-coated motka 
Polythene-lined motka 
Kerosene tin 
Traditional earthen motka 
(control) 

Moisture 
(%) 

11.52 
9.72 
8.47 
9.89 

Khesari 

Germination 
(%) 

57.0 
84.0 
54.3 
84.7 

Moisture 
(%) 

8.02 
8.42 

11.55 
10.79 

Chickpea 

Germinati n 
(%) 

0.3 
1.7 

84.3 
12.4 

Lentil 

Moisture Germination 
(%) tion (%) 

9.4 64.7 
9.63 88.0 
8.71 65.3 

11.18 70.0 
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take place when the moisture content ofthe stored grain Dried seeds had 85% viability (BARI 1983). The unit 
is below the ambient moisture content, i.e. equilibrium cost Tk in 1983.0(X)( 
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 exaniined in tile Mechanical dryer uitiliing agricultural waste aslabora-
tory, using the standard blotter method, heat source 

A total of 25 ftungal species belonging to 21 genera 
were recorded from different pulses. Fungi like A mechanical dryer with the capacity to dry up to 190 
Alternariatenuis,Cladosporiunisp, and (urvularia sp, kg of pulses itt a single batch consists of a furnace 
were found to be predominant inlthe initial samples, where paddy husk is ountt to heat the incoming air, an 
i.e.,the samples which were drawn before storage. ash separator %%hich separates ash carried by the heated 
These fungi gradually decreased wilh the storage pc- air. an axial blowver, and an open drying bed. About 190 
riod. The incidences of..Vwrgilht., Penicilhio. and kg of black gram containing IMS; moisture was dried 
Rhizopus was more cotilon ii the samples which by tile ,infabricated dryer to ai losture content of9.7 
were drawn after several Imonths of storage. The 5 I. The lemperat lire of the drying air could be 
incidence of storage inolds was maxiun iilduring 4 cortrolled at 4.11' - 45"('. About 21 kg of paddy Iusk 
months of storage, i.e. during tihe nilontlis of Jutie, Julys. s,as bturit to Ldry 190 kg of black gram. The cost of 
and August whe ,laxiuin ra infall occurred and drying I10I0 kg I of black grain ,.as 1k. 4.50. The 
atmospheric Iiulin idity remained above)0c . percentage of geniination of lheseeds after Ldryingwas 

found to be 75'.%to 8l,';.Eachinit of the dryer cost Tk. 
90)()0 (- t)S$270t in I1')4.

)e-Storage Problems and New Storage 

vices 
M'cihaniial d('Yer with natural .a.% 

Storage oflchickpea is an acute probleii in our country. 
Seeds lose their viability very quickly in storage. Thislryerssasdesignedftrlulsesuising natural gasas 
Infestation by molds and insects is ai maj or cause for a heat source. Witli its tIhree components (ifurnace. anl 
poor storability. Freshly hiarveseLl ai dried chickpea axial blower, and a drying bed) the cost of this dryer 

seeds with 8(7t moistuire ",erc stored in l'iuetypes of was only L SS 400(.00. It cart (Iry up to 19 kg of black 
containers, viz, kerosene tins. earthen ino)a. plastic grain sees il one batch. It takes 3.5 h to reductilie 
bags. gunny bags, and bamrboo dole. Fifteen getiera of moisture content ron I t I I(;.and cLtSutes 5.40 
fungi were recorded fron the :toret seed. Aternaria ii'natural gas inthis process. The cost of Ltr, ing 1)0) 
sp, and Clado.poriton sp. were recorded isthe major kg black grain seeds was Tk 0.53. The gennination 
fungi in initial samples, while A.spertillus sp. Penicil- percentage of the seeds dried itl this process ranged 
lion sp. and Rhi-opus sp, %,.eredoninant after the stor- from 8 to 85. This dryer can also he used for seeds of 
age period, other crops like wheat. maize. etc. ThL air temperature 

inside the dryer is maintained %ithu tie range of 42''C 
to 4K"C (BARI 1985). 

Development of Pulse Driers 

Solar drYer Fabrication of Storage Containers 

A solardryer was designed and fabricated using locally The traditional containers usedt by tilefanners were 
available materials. The dryer consists of asolar heat slightlymodified e.g.,moikawithcoal tarcoating,motka 
collector, adrying bed, and achimney. The dryer was with polythene lining. and kerosene tili. and were 
tested with 40 kg of khesari seeds. The seeds were te!:ted against the traditional molka. The fabricated 
stirred at hourly intervals during drying. The tenipera- motka had acircular bottom with an open mouth used 
ture of the air leaving the collector increased by IIC for loading anI unloading seeds. The outer surface of 
to 13'C and the ambient temperature was 3I"C to 33C. the unit was coated with coal tar to make it impervious 
Occassional stirring helped expose all seeds uniformly to moisture. The mouth if the container was developed 
to the heated air. Moisture content of the seeds was to make it suitable fo, holding sealing materials. The 
reduced from 14r/t to 9% within 6 h of the operation. lid had a glass window measuring 5cm x 2.5cm for 
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regular checking of insect infestation or any other 
deterioration that might occur during storage. Tile lid 
was made airtight by plastering with mud or cowdung. 
A similar motka was covered byvpolvthene lining in-
side. 

Tile kerosene tin is a tall rectangular container 
made of'GI sheet with acircular opening at the top for 
loading and unloading seeds. The id of the cont ainer 
is made airtight by sealing with co.%d ung or tnud held 
in aspecial device, as mentioned earlier. The wall of 
the unit was painted to prevent rusting. Itwas provided 
with aglass window t) clieck dalanagc of pulses during 
storage. Chickpea. lentil. and khesan seeds %%eredried 
w,ell and stored in replicated comai ners. Seed sanples 
were dra%%n tw icc: the first sample before storage ald 

the second after 6 ionthls of storace. The lighest 
,incidelnce 01IAIt)] %asiN iaced inl case of chickpea 

seeds followed Ibv khesari and lentil. Ililh iltestatioti 
by pulse beetle ol chickpc.! and khesari seeds ill sollme 

containers tiight ciiliaiice the -mo\mh ol Stlef tilds. 
iticidetice Of UliIeiitified bacteria s.\al l111)ti.'cl ill 
all the three kinds of' sesl. Ill iespc tLof %labilit', d 
ml0 d tici)].llce,labri catd cnt.al selleCie iers. lhe kr 

till. mnika %itl pol. then liniiii and aotk\%ilh coal 
tar coiating sere liml)l tt be lml(Ire [ rtlilltlg than 
traItmIialn; eanliheri 101ki. shiosed theKhcsari seed],, 
highest gemimlllat lnpcr.ceiletn iiile\gesMlie ill tradi-

tional m'ka 184.7 tolls\\l J\ iliChll\ithetle-lilled 
mtlkt (84.(1 ). Ini chikpea. the hliiliest erlllinaill 

percentage (N4.3\,\&aOlbsCrsC L in tile kClOslle tin 
container. Lentil seedsMstild inpo l.\tliei0% ldt14t 
ssNl0\, Idthe highest grlllatiou percetage ,-I. 

Areas of Future Research 

" 	 To desvelop an lie\pen s\ e and sinple thresher. 

* 	 To develop inlepcnst%e and siiple milling 

devices. 

" Further de% chpmlent. e alt iti. aind p pular-
ization of the labri-ated pulse drisers. 

* e"vc\alJat the elfecticlkecss of traditioiial aId 
improed storage containers in controlling ill-
sect pests. mi-,tobes, and maintaining \ iabilit, 

in pulse sCd. during storage. 
" To test the efficac. (I ii)Ielinsu'-,pkIlit andiinert 

into various food products with higher nutri
tional status. 

0 	 To investigate tile quality of pulses stored for 
seed and nonseed purposes. 

0 	 To conduct socioeconomic surveys on the mar
k'eting system. methods ofmilling, quantities of 
pulses stored by different catagories of farmers, 
and on cOn sunption pattern of khesari in some 
selected areas. 

0 	 To demonstrate the ne s technologies at the 
flarm level to encourage their adoption by 
fanners. 
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Discussion 

M.P. l1harati: What was the inside and outside tem

peraturc. and t1e hulnidil\ ill your storage cxperi
ments?. 

M. Amiruzzalnan: It ss.as anbient temperature and 
hunlidit. fili eitire 6-mointh l)eriotl. The tlciiperature 

and huinidit inside tie stierage containers %%,ere not 
recorded because tle, ,.,ere It ill he tanners' c(n
ditions W0ithout disturbing atia.thitg. 

M.(). Hyder: You have mento ned all the poIst harvest 
steps Up to miillg. lilut illiy opinion it should also 
include liandling ill iarketiL at the consumer level. 

M. Aniruzzaian: That is correct. Even after milling, 
handling. packagiig. transprllati oi. etc. should be 
included in postharvcst techtologv. But since our 
program is pritnarilv finner-oriented.\ss have excluded 

this part for the time being. 

M.(). Islain: So far you kio\ , that rice bran is bruchid 
materialIs to protect stored pulsC, lrm inisect resistant due to tile presence if'some essential oils in its 

pests and microbial infestation, seed coat. Dio you have any plan touse the extract of 
* 	 To develop inexpensive and sitiple niethod(s) seed coat of'rice bran as repellent'! 

of detoxification of BOAA. 
* 	 Todevelopsimple tiethods forprocessing pulses M. Amiruzzaman: If that extract has the property of 
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repeiling bruchid it should be included in our future 
research program. 

M.R. Hoque: I. Do ou fteL that biochemical and 
physiological asxLts should be included illposthar'est 
technology'? 
2. Biochemical changes associated with storage, pro-

cessing etc. should coile into the paper. 

. Aniruzzaman: I. Biochcriiica aspects should come 

under postharvest technology. particul arly tlie nutri-
tional aspects. Physiological aspects viz. seed physi-
ology. germination capacity. etc. are heing looked after 
by the seed technology section oftihe agronomy divi-
sion of BARI. 
2. Since there was no study regarding biochemical 
changes in storage. it could P'ot be reported in this 
paper. Future progranw, shOtld incltd,! thisitiporiant 
aspect also. I 

G.A. Fakir: Isolation and identification of fungi from 
stored seeds have at been done properl. . Storage 
fungi cannot be isotated or detecied h standard blotter 
methods. Salt-incorporated agar is the standard lediun 
used lor is(cttiot 0ostorage fungi isthese ireosiiophilic 
fungi. Fungi like Alwrnaria sp. (Clad.iporminsp. 
(utrithlri( sp. and Rh1i:i1Us sp. haVe been designated 
a%storage tungi: these are field fungi. They ale found 
in sitorage as saproph%ts and dMinot caIs ra'.m 111 to 
the sz:)retl seeds. Similarly...4 spi 'r.thus,p.aid P'ni
cilit m sp. identified Stoted IllaVnot be soas fill'i. 

because only a Iew ofabout I () k %n species of'ci:h 
of these t%,ogenera belong to the st(orage group. These 
few species of .4.crgilho.i and I'cnicillium are re
spinsible for reducing germination of stored seeds and 
pro ducing Inycotoxinus. So \k ithout identification i;,tthe
 
species level. one cannot designate .prilhx sp,and 
Penic/li/ian sp. as storage tungi. The species of As,
pergifhus and Pcnt ilum encouniered by tile authors 
may simply be saproplhvtes carried frolm tehefiel or lie 
threshing floor. I therefore feel that postharvest lech
nology studies, particularly in relation 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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Abstract 

Bangladesh has so far achieved close to 90% self-sufficiency in cereals but the production ofnoncereal 
crops like pulses and oilseeds 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 ofpulses in Bangladesh is only about 5.5 g 
day' whereas in India the present per capita consumption is 45 gday , which is considered to be low. The 
Bangladesh Agricultural De velopment Corporation (BADC) was set up to bring about a major and quick 
breakthrough in the agricultural development by prodction, procurement, and supply of agricultural 
inputs and by protnotingmodern techtology. During the second Five- Year Plan period (1981-85) BADC 
undertook a scheme to produce foundation and certified seed of pulses and oilseeds. Ver.'y little was 
achieved during thisperiod. At the request of the Government ofBangladesh the Canadian International 
Development Age'ncv (CIDA) sponsored afc'asibility study in 1984/85for a crop-diversification program 
and concluded that such a 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 siderable progress was made in the production of 

cereals like rice and wheat but pulses were neglected 
Bangladesh has achieved close to 90%self-sufficiency till 1980, until the establishment of the pulses and 
in cereals, predominantly rice and wheat. The pro- oilseeds scheme in the second Five-Year Plan period. 
duction of noncereal crops however, has remained During the Second Five-Year Plan (1981-85) a 
either stagnant orlhas declined, resulting in'a substantial scheme titled "Multiplication of pulses and oilseeds in 
decline in the general nutrition of the country's popu- Bangladesh" was undertaken by BADC in 1980 for the 
lation. The present consumption of pulses in our first time to produce and distribute foundation and 
country is only about 5.5 g day Iper person as against certified seeds of pulses and oilseeds in order to raise 
the FAO/WHO-recommended minimum pulse intake the yield levels of these crops. Of the pulses, chickpea 
of 80 g day' per capita. (Cicerarietimnn L.) and niung bean (Vigna radiata (L.) 

The Bangladesh Agricultural Development Corpo- Wilczek), and among the oil crops. mustard (Brassica 
ration (BADC) was established in 1962 to bring about campestris L.), rape seed (Brassica napus L.), and 
a major and quick breakthrough in agricultural devel- groundnut (Arachis hypogaea L.) were taken up for 
opment by production, procurement, and supply of production by BADC. But very little was achieved 
agricultural inputs like seeds, fertilizer, and irrigation under the project. 
facilities, and promotion of modern technology. Con-

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. l"Fsncheru, A.P. 502 324, India: International Crops Research Institute for 
the Semi-Arid Tropics. 
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System of 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 Agriculture (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 to supply the seed-producing 
agency with an indented quantity of breeders' seed. In 
principle, foundation seed is requii ed to be produced in 
the f:)undafion-seed multipliLation fata (FSMF) of the 
pulses and oilseeds project out of breeders' seed. If for 
s .me reason bre.ders' seed s not available from the 
concerned breeders'organizations, then the best seed 
available with 13ADC is utilized for the production of 
foundation 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 coll,-cts breeders'seed and transports 
it to the foundation-seed farms, in conformity with the 
national target for seed production. On receipt of the 
breeders' seed, agronomists at tie 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-
tion committee (FIC) constituted from the headquarters 
by the Member-Director (Seed), BADC and accepts 
the seed plots which meet the prescribed standards, 
The seed agronomist harvests, threshes, dries, and 
cleans the seed from the accepted seed plots with great 
care. Seeds are tested for germination, purity, and 
moisture. The seed lots which meet the procurement 
standard are preserved in the respective foundation
seed farm's pulses and oilseeds processing centres. 

Periodic drying and tes.ing are done in the storage 

centres. 
The lots of stored foundation seeds are offered to 

theseedagronomist, CentralSeedsTestingLaboratory, 
BADC, Dhaka for testing. Seeds of only the accepted 
seed lots of prescribed standards are packed, labeled, 

and wgged for distribution as foundation seed. 

Production of Certified Seed 

The seed produced from the foundation seed is known 
as certified seed. Certified seed is also produced from 
the first generation of certified 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 ofcertified 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. 	 past distribution trend of seeds by variety; 
2. 	 indent of seed from Regional Manager (Seed) 

and Departmeot of Agricultural Extension; 
3. 	 scheme provision for the distribution ofcertified 

seed; and 
4. 	 stock of carry-over seed, if any. 

The production of certified seed of pulses is made 
in the Foundation Pulses and Oilseeds Farms, Seed 
Multiplication Farms, and Jute-Seed Multiplication 
Farms. 

Quality Control System orSeed 

Pulses seed has not yet been included in the certificate 
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 
field 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 
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Field Inspection Committee formed by 1,heMember-
Director (Seed). The accepted plots are harvested, 
threshed, cleaned, and dried by the respective officers. 
On the basis ofa 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 quality. 

The seeds are processed and stored in the Seed 
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 to the distribution program issued from the 
headquarters, the seed agronomist despatches the seed 
to the Regional Manager (Seed), BADC. The seed is 
sold from the seed sale center directly to farmers on a 

Table I. Production, procurement, and distribution 
figures of pulses seeds, Bangladesh, 1980.87. 

Quantity
received 

Production Procurement in the Quantity 
Production target quantity district distributed 
year (0 ) (t) (t) 

1980/81 69.04 16.79 Nil Nil 
1981/82 380.37 55.20 Nil Nil 
1982/83 314.80 23.89 23.83 21.79 
1983/84 129.20 7.59 33.78 11.30l984/85 120.00 6.28 3.96 154
1985/86 12.00 5.29 35.53 28.15 
1985/86 12.00 35.325.19 8,151987/88 15.00 2.18 6.81 5.81 

first-come-first-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 
proxduced and distributed to farmers. The quantity of 
;eeds 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 release of suit
able cultivars as well as supply of breeders' seed to the 
Seed Production Agency is the respcnsibility of the 
research breeder. Motivating farmers to grow new 
cultivars through demonstration and to disseminate 
modem agricultural technology isthe responsibility of 
the Extension Department. 

Varietal Development and Acceptabilit:'".v 
Farmers 

A limited number of improved cultivars of pulses have so far been released. In chickpea one cultivar. 

Hyprosola, was developed by BINA and released in 
1982. The cultivar has small seed ( I(X)-seed mass 7.6 
g) and is not popular among farmers. The other 
chickpeacultivarNabin 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 mungbean cultivar Kanti which is specially recommended 

for the late monsoon (kharif-2) season to be grown as 

Table 2. Physical 

Type of Seed 

Breeder Seed 
Foundation Seed 
Certified Seed 

Production Program for pulses as per Project Plan, Bangladesh, 1987-92. 

Annual phasing of seed production (t) 

1987/88 1988/89 1989/90 1990/91 1991/92 

0.80 0.90 1.00 1.00 1.00 
12.00 14.00 17.00 18.00 i8.00 

300.00 375.00 450.00 525.00 

Total 

4.70 
79.00 

1650.00 
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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 

"aking into view the problems faced during the second 
plan period and the experience gathered, the "Pulses 
and Oilseed Project underCrop Di,ersification Program 
(CDP)" was proposed to operate in the Third Plan 
period(1 987-92)withthe objectives mentioned below: 

I. 	 To build up foundation seed stock. 
2. 	 To multiply foundation seed through contract 

growers and to produce certified seed. 
3. 	 To create facilities for processing and preserv-

ing pulses and oilseeds at processing plants. 
4. 	 To develop contract growers' zones and trans-

fer modern seed-production technology to the 
contract growers. 

5. 	 To select suitablecultivars through observational 
trials on short-term basis at Foundation Seed 
Farms. 

6. 	 To supply modern 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 seed 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 to the release of a 
limited nun ber of improved cultivars of pulses and 
lack of knowledge on the part of the farmers about the 
already released cultivars, as a result of poor extension 
work. Unless some good high-yielding cultivars of 
pulses are released and popularized among the farmers 
by extensive extension work, the 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 I 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 t, and MAK I - Nil. 

Table 3. Present and proposed farms and facilitiesfor the production ofpulses and oilseeds foundation seed, Bangladesh, 
1989. 

Name of establishment 

Foundation Oil and Pulses Seed Farm 

Oil and Pulses Processing Centre 

Oil and Pulses Contract Growers' Zone 

Numbers proposed 
in project proforma 

4 

4 

4 
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Present position 

3 farms established. Requu e 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.
 



A. Sarker: You have mentioned that about 32% seeds 
ofthe 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 importance 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: I completely agree with Dr G.A. 
iakir's proposal. BADC isalready testing the s'!eds. It 
is expected that as soon as SCA has the required 
manpowerand 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 
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Abstract 

Pulses have always played an important role in the agriculture ofBangladesh. Their importance is due 
to the fact that they can provide pro 'ein to those who cannot afford to obtain itfrom animalsources. They 
are an important component ofrice-based cropping systems. In spite of thesefacts, the area devoted to 
pulses and the totaloutput have declined in recent years because ofcompetition for land, and lack ofhigh
yi.,Iding 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 mitngo (L.) 
Hepper), lentil (Lens culinaris Medic.), fieldpea (Pisum
sativ ,.asubsp arvense) and mung bean (VigPtL' radiata 
(L.) Wilczek). Of the total area planted to pulses khesari 
constitutes 30%, lentil 25%, and chickpea 207. 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 (XX) t in the mid 70s to 212 000 
t in 1982. 

In recent years, the area devoted to these crops 
accounted for about 2.3% of the total 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 grown in almost all the districts of 
Bangladesh. However, some districts ere more 
prominent than others. The most imporant are: 

* Greater Pabna for khesari, black grarr., chickpea, 
lentil, and fieldpea; 

Table 1. Percentage of cultivated area occupied by 
major crops in Bangladesh, 1985. 

Percentage (%) 
Crop of area 

Food Grains 	 83.8 
Jute 4.3
 
Pulses 
 2.3
 
Oilseeds 2.3
 
Tubers 	 1.3
 

Source: BBS (1986). 

* Greater Rajshahi for khesari and mung bean; 
0 Greater Jessore for chickpea and lentil: 
* 	 Greater Faridpur for chickpea, lentil, fieldpea, 

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"c of the pro
duction of a given pulse crop. The more importan: 

Citation: BARI (Bangladesh Agricultural Research Institute). 1991. Advances inPulsesResearch in Bangladesh: proceedings of the Second 
National Workshop on Pulses, 6-8 Jun 1989. Joydebpur. Bangladesh. Patanchru, A.P. 502 324, India: International 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 horo (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 (HYVs) of horo rice 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 

CowpetitionfOrhtnd 

There is acute competition for land during the winter 
season, a factor which underlies tile 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 oc/'igh-yiehingcultivars 

A breakthrough in pulses production is possible if 

HYVs are evolved. These should be economically 
competitive with tile alternative crops grown during 

the same period. Tile 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. 

Suitahle iechnologypackage 

A suitable technology package is yet to 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 development of 

adequate seed supply, and sufficient credit for inputs 
ol easy ternis. The availability of a low-cost, small 
irrigation device is an important feature that will con
tribute to the improv ment of unit production. 

Subsistem'e cultivation 

Pulses are largely viewed as subsistence crops by most 

faniers. Changing the status of these crops from 
subsistence crops to cash crops is one of the major 
challenges facing the extension workers and plannei's 
who aim at substantial increases in pulses production. 

Consumpton 

Consumption of pulses. on a per capita basis, hits 

declined markedly in the last few years. Tile percapita 
daily intake has fallen from I I g in the early 60s to 8 g 

in tile 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 Batgladeshis and consumption is 

now restricted mainly to fanners growing these crops 
and to urban residents. 

Extension Strategies on Pulses 

The fact that declining pulses production has seriously 
threatened tile protein intake and healh of the 

Bangladesh people has been considered and a scheme 
called theCrop Diversification Project (CDP)has been 
launched, primarily for areas known to be prominent in 

pulses cultivation. This involves the promotion of 

pulses cultivation through intensive training supports 

and demonstrations (Table 2). The project is designed 

to address the following issues: 

a 	 Low and uncertain returns from cultivation of 
traditional pulse varieties

* 	 Subsistence nature of pulses cultivation; 
* Competition for land from other crops; 
0 Toxic effects of khesari 
0 The declining role of pulses in the diet, and its 

implication for nutrition; 
0 Lack of HYVs for winter pulses and non-avail

ability of summer pul~es; and 
* 	 Lack of institutional credit for pulses. 

The analysis offhe issues and their implications for 

increasing production has r.esulted in the identification 
of three primary themes for the pulses project. 
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Table 2. CDP supports to disseminate pulses-production technology in Bangladesh up to 1992. 

No. of unitsActivity 

Organizing field demonstration plots 	 I900 (spread over 5 years) 

Training of 

a) Ettension agents/supervisors on production technologies. 	 II 925 (spread over 5 years)
 
85 000 (spread over 5 years)
b)Contract farmers. 

Organizing field days to disseminate the production 
I 890technologies. 

362 (different types)Providing audiovisual equipment. 

in a number of areas. 1he major emphases are on:I. increasing the area planted to pulses, (Table 3), 
2. increasing productivity, and 

3. increasing consumption and markets. 0 irrigating suitable fallow land, 
a ensuring supply of inputs to farmers. 

These themes are not independent but they repre- 0 research. 

sent clearly identifiable elements that can be monitored 0 seed production. 

and evaluated to reflect the success oIt the project. 0 extension service, and 

Addressing the isssues affecting increased pro- 0 increasing consumption and market. 

duction provides the opportunity for project initiatives 
The CDP for pulses ainms at strengthening the 

linkage among the Bangladesh Agricultural Research 

Institute (BARI). Bangladesh Agricultural Develop

ment Corporation (BADC), and the Department of 

area and fallow land in different months Agricultural Extension (DAE). The element would 
Table 3. Crop 

involve an augientedand enriched extension program,
of the year inBangladesh, 1984. 

directed towards client fanners in the selected areas. 

Visit (T&V) system of cx-
Crop hectareage Fallow land The national Travel and 

tension service will operate on this program. There areMonth c'00W ha) ('0X)ha) 
a number of activities involved in the program inrple-

January 2.915 6.235 mentation. Basic among these are: i) establishing a 

February 2.902 6.248 strong linkage between CDP research and extension, 

March 3.757 5.393 0i organising seminars. (iii) development of audio-
April 5.231 3.919 visual aids, newsletters, and extension manuals. (iv) 

May 6.154 2.996 development ofextension workers on pulse-production 
June 6.207 2.943 technologies, (v) provision of operational supports to 

extension, (vi) developing and transmitting radio pro-
July 	 6.316 2.834 

6.377 2.773 grams, (vii) establishing demonstration plots in the 
August 

target areas, and (viii) familiarizing target farmers with
September 6.437 2.713 

October 	 6.988 2.162 the latest production technology developed through 

November 7.097 2.053 research. 
December 4.551 4.599 

Total 64.811 44.867 Irrigation Support 

Source: BBS (1986). Early or late sowing of pulses as is generally done with 
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uncertain moisture availability, may result in farmers 
deciding not to cultivate these crops, but a small 
amount of irrigation will ensure that pulses are sown on 
time. Therefore. the pulses CDPaims to provide hand 
tube wells (HTWs) 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 aper capita daily consumption of pulses of 
about 6 g. This is only a fraction of the requirement, in 
contrast to45 gin India. 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 40M 0(W t of pulses will 
allow only a marginal increase in per capita daily
consumption of pulses inBangladesh to perhaps 7 g a
day, by the end of the century. 

Table 4. Production targets in terms or per capita consumption'. 

Production Pulses ('000 t) required in 20(X to achieve per capita daily consumption of 
in 1981
('000 ) 	 6g 9g 12g 15g 18g 

216 
 350 
 525 700 875 
 1050
 

1.Population of 141million. 

Table 5. Pulses development in crop diversification project of Bangladesh, 1987. 

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. 

ii) 	Increased national 

pulses mean yields. 


iii) 	 Increased pulses 

consumption and 

markets, 


Verifiable 

indicators 

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) 

by 1995.
 

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. 

Assumption 

Domestic production is a desirable 
means of achieving the goal. 

Production will be consumed within 
the country. 

i) Attractive price incentive 

ii) 	Inclusion of Pulses in the GOB 
food procurement program. 

iii) 	 Improved varieties will be 
developed. 
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BaDnglades1hI 

Increase Pulses 	 Increase Increase 
PulsesArea From Fallow 	 Pulses Yield Consumption 

and Marketing 

Irrigate Provide Conduct and Produce Providepulses on inputs to evaluate certified, clean quality 

suitable pulses appropriate pulses seed extension 
fallow with growers pulses 	 in pulses
appropriate 	 research 
technologyt 	 o 

* Designate
target 

0 Secure 
access to 

Establish
pulse 

Establish
pulse 

Establish
pulses 

0 Research
and 

fallow. credit for research quality extension develop 
growers. unit. control. unit in DAE, appropriate 

postharvest 
technology. 

" Instal 0 Establish •Train 0 Produce 0 Train 0 Promote 
hand tube 
wells in 
target 

network of 
private seed 
and inputs 

research 
staff. 

certified 
seed. 

extension 
workers. 

public con
sumption. 

areas. distributors. 

* Promote 
and sell 
new seed 

* Complete 
testing, 
purification 

0 Strengthen 
Seed 
Certification 

* Provide 
pulses 
extension to 

0 Develop 
domestic 
market for 

varieties and 
technology 

and selection 
of local 

Agency. farmers. pulses. 

packages. varieties. 

• Conduct 
agronomic 
studies and 
hybridization 
program. 

* Produce 
breeder seed 
for BADC. 

a 	 Develop 
technology 
packages for
 
pulses. 

Figure 1.Pulses development work breakdown structure. 
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Extension Progranning 

Reorganization of the DAE has resulted in the expan-
sion of its focus to include all crops. In tilecase of 
pulses, special attention has been given to deveiop 
extension messages appropriate for the crop under the 
CDP. A model for the Project Framework 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: I understand that DAE conducted a 
farmers* field demonstration of the chickpea cultivar 
Nabin. Could you k.indly provide us w.ith sonic results 
of these trials with your comments)? 

A.K.M.A. Kibria: It is very encouraging. The mean 
yield haI is about three times more than the national 
mean. 

M.A. Khaleque: InTable 3 it has been nenltioned that 
5 to 15Gc fallow land is available durin November -
April. Have yon any slatistics about bos, Much of Ihe 
fallow land is suitable for pulses plOductiori' 

A.K.M.A. Kibria: No. Bui A e believe that there will 
be rp,, if irrigation isproblem for such land availabil its 
provstecd. 

(.A. Fakir: Can le ccotiinltt.atc plses in tie\ 1it 
fallow land during December - \larch \%ith irrigation 
without affecting h/ rice? 

A.K.M.A. Kibria: Without IIYV5 ofpulses there isno 
room for such a proposition. 

l).(G. Faris: Fileconnectnon if emten Sion,, illCDP 
looks very exciting. I-toetver. there is one area that 
does not conie out clearlyvrad that isintraction between 
research-extension-fanner ii developing an appropri
ate package that will be accepted or adlopled by farm
ers. There needs to be an ininiediate start using existing 
varieties and technology witi re,,earcher, and adopting 
them to farmers' needs. Can \ou please comment on 
such an immediate start-up of extension.' 

A.K.M.A. Kibria: T & V is our national extension 
system with few modifications from Dr Benor's model. 

There are very strong links between District Technical 
Committee (DTC), Regional Technical Committee 
(RTC)and NationalTechnical Coordination Commiittee 
(NTCC). and extension. 

A. Razzaque: At present we do not 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 
to 18 g. How call this be achieved? 

A.K.M.A. Kibria: The CDP projects an increase in 
production to tileextent of 18 g by It95. This is very
ambitious. The production avai lability isjust to maintain 
the present level at the end of the project. 
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Socioeconomic 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 
minimun ofmodern inputs. Low yields, lack of good-quality seeds, and incidence ofpests and diseases 
are major constraints to increasedpulses production. Pulses grain mnoves from growers in the prinrarv 
market, to the beparis (traders) and aratdars (wholesahrs) in the secondar, market, to processors such 
as millers, to retailers, and finally to the consuners. The incidence ofpests and rodents are tie main 
problems of storage for both growers and traders. Low output price for the growers and traders' 
mon,,polies are the biggest handicaps. 71e problems rangefroni high transport cost and lack of c pital 
for thr petty traders, to storage and unsiabl' prices for the wholesalers, and an tncertiin supply of 
electricityfor the'millers. To increase'pulse'sproductionin the country. :ethnological researchin thefield 
of breeding. agrononmv, and pest matag'ement (is well as socioeconomic research to assess the future 
demand and polic' directions art' necessary. Research into the appropriate cropping patterns that 
incorporatepulses will help to consolidate the position olth'ese crops in thefiarining systems. Measures 
to controlpostharvestlossesart'essential. hmprovemcnt in thc storage n'thods cnd naint'nanc' of seed 
viability will improve the supply position. A national price polic)iwill act as an incentive to the'farners 
to grow norepulses. 

Introduction 

Pulses are a major and cheap source of proe',n in the 
daily diet of the people of Bangladesh (BARI 1980). 
They play a vital role in providing fodder for farm 
animals, either directly for grazing or as odder after 
the grain has been threshed. After dehusking, bran is 
also used as a uuality feed for animals. Pulses fit well 
into :he existing cropping systems, due to their short 
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 inptmtance to seinisub
sistence of the farmers, the area and production of 
pulses is gradually declining (Table I ). Their stagnant 
nature of production coupled with the ever-growing 
population resulted in lower per capita consumption. 
Now it is less than 10 g capita ' day '. 

Infornation received from the Bangladesh Bureau 

Table 1.Rate ofchange of pulses production and yield in 
Bangladesh. 1947-1983. 

1947/48- 1947/48- 1971/72
1982/83 1970/71 1982/83 

Area -0.72 -0.74 -0.21 
Production -0.60 -0.09 -1.55 

Yield +0.11 +0.67 -1.40 

ofStatistics(BBS 1987) shows that since liberation the 
area under different major pulses has increased corn
pared to 1913/74. During the period 1976/77 to 1979/ 
80, all major pulses showed increasing trends of area 
and production. But lateradeclining trend set in, 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, Joy.debpur, 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)2 

Khesari Lentil Chickpea Black Mung Khesari Lentil Chickpea Black Mung 
gram bean gram bean 

1973/74 
1974/75 
1975f76 

74 
79 
82 

60 
70 
66 

56 
56 
54 

47 
53 
53 

10 
14 
14 

57 
61 
62 

42 
47 
44 

40 
39 
38 

37 
42 
41 

7 
8 
9 

19",6/7, 99 75 56 52 16 70 48 40 97 10 
197778 99 79 57 52 17 70 51 44 38 10 

197879 
1979/80 

99 
93 

85 
85 

56 
58 

51 
47 

17 
17 

68 
64 

50 
49 

42 
39 

35 
33 

9 
9 

1980,81 
1981/82 
1982/83 

92 
91 
93 

84 
75 
73 

58 
53 
54 

47 
43 
40 

15 
15 
15 

63 
63 
70 

49 
48 
44 

37 
36 
40 

33 
29 
28 

7 
8 
8 

1983/84 242 240 113 84 60 170 161 87 59 34 
1984/85 
1985/86 

245 
232 

234 
225 

109 
104 

75 
69 

60 
59 

183 
167 

164 
160 

81 
78 

53 
44 

35 
33 

1986/87 
1987/88 

222 
232 

213 
216 

104 
104 

65 
70 

57 
58 

164 
182 

1419 
159 

82 
75 

42 
51 

35 
33 

I rotal puke area in 1987/88:734.102 ha. This covers 914of the net cultivated area. 
2. Total pulse produation in 1987/H8: 538 784 1
 
Sources: BBS ( 1987. Balur Rahrnan ( 1990)
 

84, 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 30017 compared to 1973/74. In 1983/84, 
BBS revised the estimates of pulser. area and produc-
tion based on census data. Area and production of 
major pulses in Banglad.sh is shown in Table 2 from 
1973 to 74 along with the revised estimation from 
1983/84 to 1987/88 (Balur Rahtnan 1990). But again 
since 1983/84 the estimates of PBS show that the area 
under major pulses is gradually decl 7ing. Taking the 
1984 figure to be 1(. the area and pikduction of all 
majorpulseshavedecreasedexceptinkhesari(Lathy'vrus 
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/ 
74 to 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 aconcern to policy makers, research
ers. and consumers. To avoid protein deficiency, it is 
necessary to augment the per capita availability of 
pulses. For amassive drive toward the improvement of 
pulses, itisnecessarytocorrectlyidentifytheconstraints 
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 (Lensculinaris Medic.),chickpea (Cicerarietinum 
L.), black gram (,'igna mungo (L.) Hepper). and mnung 
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, inclufing marketing 
and storage problems. 

http:Banglad.sh


Economics of Crop Production Chickpea 

Khesari 

When all variable costs were included the mean cost of 
production of khesari was found to be Taka (Tk)1564 
ha '. Tile major cost items were: human labor (63'( ) 
and seeds (20%). However, only 33'1 of the total costs 
involved cash outlay (Table 3). 

The mean seed yield vas 794 kg ha' with agross 
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 cro)p showed ahigh 
return on lamily labor whicli was k 48 day 'which can 
be compared with the prevailing %%age rate of Tk 20 
(Table 3). 

Lentil 

When all variable costs of production were itItidled, 
the mean cost of production of lentil %%as "k 291I 

The mnean variable cost of production of chickpea 
cultivation was Tk 2580 ha'. The major cost item was 
human labor. constituting 52/ of the total cost (Table 
3). Cash variable cost was only 279 of the total cost. 

On an average. faniers received yield of 896 kg 
ha ' with a gross margin of Tk 3058 ha '. The cost
benefit ratio was 2.18. But the castl-cost ratio went up 
to 8.15 when considered separately. The main reason 
for this high profitability is its higher price and higher 
yield (Table 3). 

Black Grat 

In black grant cultivation, tiletotal variable cost of 
production was found to be Tk 1761 Iha . Human labor 
was the single n:ajor cost item. I lowever, only 281/ of 
tile was spent in cash. The rest were familytotal cost 
inputs. 

The nican seed yield of black grain was 693 kg
ha '. The major cost itei was human labor '%hichi ha '%%ithagross margin ofTk2981 ha '. Thecost- bnefit 
cor,tituted 49' of the cost folhosed by cost of draft 
powerconstituting 301,Wofthetotalcost. Ho ,cCr,tle 
cash cost was only 26(; of tie toial cost. 

The mean seed vield of leinilas 7107 kg ha I',ith,t% 

a gross margin of 1k 2173 ha i.The cost-benefit ratio 
on total variable cost basis %kwas lile it vkas 6.471.71 %% 
on a cash cost basis. Although yield ,,as highc and 
cost was lower in khesari, tileprofitability %Nashigher 
in lentil due to its higher price (Fable 3 1.This crop 
showed Tk 62 day on faniily labor. 

,at i oii full cost s ass2.6. lit it s,Cntup to 9).76 when 
ojl%cash outlla v.:as considered. This is mainly 
IcauIse oltiillflnl ctullivationctash inVols Cd in tile 
(Tabl 3 ). ()f Al the pulse crops. this showed the 
highest returns ('k I)t day ' ol foainily labor. 

Mung Bean 

Inmung bean cultivation, the total variable cost of 

Table 3.Mean cost and return analysis of pulses, Bangladesh, 1985.
 

Parameter Khesari Lentil Chickpea Black gran Mung bean
 

Cost of production (Tk ha ') 

Cash outlay (17r) 

Yield (kg ha') 

Price (T1( kg-') 

Gross margin (Tk ha-') 


Cost-benefit ratio
 
Full cost 

Cash cost 

Returns to family labor 


1564 2911 2580 1761 2471 
33 26 27 28 43 

794 707 896 693 698 
2.57 6.46 5.96 5.58 7.44 

787 2073 3058 2981 2911 

1.51 1.71 2.18 2.61 2.18 
4.57 6.47 8.15 9.76 5.06 

48 62 82 109 99 
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production was Tk 2471 ha'. Human labor constituted - - Whole pulses 
57% and draft power comprised 22% of the total cost. Dehusked pulses 
Cash cost was 43% of the total variable cost. 

The mean seed yield of mung bean was 698 kg 
ha' with agross margin ofTk 2911 ha'. Cost-henefit Growers 
ratio when considered on the basis of all variable cost 
was 2.18 and when only cash cost wats considered it -1 
was 5.06 (Table 3). This crop showed second highest 0 
returns of Tk 99 day ' on family labor. W60 

/ Bepari ------

Disposal Pattern 

Disposal of pulses varied from crop to crop depending ,- I ° l 

upon tile price of output and need of the farmers. While ] D 0 19, 
in khesari 5617 of the total produce was consumed andI(0 I oli 

kept as seed, in lentil and black gram 6517 of the I = 
produce was sold in the market. It was observed that Wholesalers r - 
55c%'" of the tanlers cultivating khlcsari, 21 ; of tile Woalrs i a (Aratdars)
lentil. 304 of the chickpea, 32% of the black gram. and 1, , 

f/ of the mung bean did not sell their produce. Those l i 
4 
who sold, did soonly partly selling tile produce ranging 
from 44%; to 65%; of their production (Table 4). 

Marketing Channel 	 Millers I---- J 

Like many other crops, pulses also pass through many 
intennediaries to reach consumers. Tile major channel o.R 
through which whole pulses move goes from growers,7o I I 

6gto beparis (traders) to aratdars(wholesalers) to mill-

ers. At this point the pulses are de husked. Tile dehusked 
pulses pass to aratdars to retailers to consumers. -

Aratdars perforn an important ftnct-ion in IovingIRetailers 

whole pulses from tile growers and beparis to tile 
millers and dehusked pulses front the millers to the 
retailers and h1paris.They do not deal directly with the 0 

consumers (Fig. I). 0b I 

Consumers -

Table 4. Disposal ofpulses (%), 1985. 	 Figure 1. Pulses marketing channels In 
Bangladesh. 

Pattern Khesari Lentil Chickpea 	 Black Mung 
gram bean 

Storage
48 65 5 SI

44 65Sold 

Consumed + 56 35 52 35 49 Pulse grains are stored both at growers' and traders'
 

kept for seedNot sold 55 21 38 32 45 levels. About 85% of the growers stored pulses in their
(%of farmer) living room. B'parisdo not usually store pulses. They 

try to sell the grain immediately alter purchase either in 
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Table 5. Type of containers used for pulses, 1985. Table 6. Mean marketing cost for growers and 
am da ,1985. 

% of Response 

Cost 
Container Grower Bepari Aratdar Miller Retailer Category (Tkkg') 

Gunny bag 26 95 70 85 85 Growers 0.09 
Earthen pot 58 - - - - Beparis 0.20 
Tin 19 Araidars 0.26 
Oil drum - 20 - 10 Millers 0.43 
Bamboo basket 4 10 10 5 Retailers 0.12 
Others 1 5 -  -

Total 1.10 

the same or a different market. However, all the profittogrowersandtraderscomestoTk7.17kg l . This 
iratdars store pulses for periods ranging from 15 days profit isabout 64% of the consumers' price. Again out 
to 3 months. Retailers do not store pulses for a long of the total profit, growers received only 26% and the 
period (SiIder and Elias 1988). rest goes to the traders' pocket (Table 7). 

Earthen pols ate 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). Constraints to Production and Marketing 

For the production of pulses it was observed that 
Processing incidence of pest and diseases, lack of good-quality 

seeds, poor yield in general, and low output price, 
All growers dehusk pulse grains by means of an in- excess rainfall after flowering specific to khesari and 
digenous manually operated appliance cal!ed the Jam. black gram, acted as major barriers (Hcssain and Ahsan 
The time required to dehusk I kg of whole pulse varies 1985). Pests, diseases and rodents were found to be the 
from 2(1 to 40 mins depending on the kind of pulse and major storage problems at growers' level. However, 
amount of energy spent. Consumers with small quantity growers reported some other major marketing problems 
of whole pulses are not able to use pulse-husking mills like monopoly of traders, low price, defective weigh
and growers have no alternative than to using the Jata ing system, lack of market facilities and high market 
for their own produce (Sikder and Elias 1985). tolls. Traders reported some major marketing and 

For commercial use, the dehusking of pulses is storage problemswhich includenonstablepricespecitic 
done by electric or diesel-operated machines. These to heparis and aratdars, lack of capital specific to 
millsarelocatedonlyinsecondaryorterminalmarkets. beparis, aratdars and millers, and pest and disease 
Normally a mill with a 30 horsepower motor can infestation specific to aratdars,millers and retailers. 
dehusk 200 to 25f) kg of whole pulses hour '. 

Price Spread Table 7. Price spread of pulses in 1985. 

After harvesting the crop, growers have to sell it in the Cost of production (Tkkg") 3.00 
market for which costs are involved. It was found that Marketing cost at growers' level (Ti kg') 0.09 
costs at the growers' level were in the form of transport, Marketing cost at traders' level (Tkkg') 1.01 
loading, unloading and market tolls. On the average Tk Total investment (Tk kg') 4.10 
0.09 kg' was found to be the marketing cost at the Price received by growers (Tk kg') 5.75 

growers' level. However, at traders' level (combined 
for all) the mean cost of marketing was found to be Tk Price paid by consumer (Tk kg') 11.2710kg(Tbe6.Absolute profit (Tk kg') 7.17

"
 1.01 kg'(Table 6). 
 Profit share (i growers 26% 
Now, ifcost ofproduction and marketing is deducted Profit share of traders 74% 

from the price paid by the consumers, the absolute 
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Lack of market information, high transport cost, and 
uncertain electric supply was a major problem but 
specific to millers only. 

Conclusions 

With uncertain weather and in a ri:iky socioeconomic 
environment, farmers preferred to use traditional farm 
practices requiring minimum cash input. [he present 
pulses production is solely dependent on traditional 
seeds, soil, and type as well as time of sowing. Under 
the existing traditional technology farrmers try to maxi-
mize yield by careful seleciion of seeds, seed germi-
nation tests, and treatmaent of seeJs by local methods, 

On an average, pulses were tound profitable when 
returns on investment were considered. This is mainly 
because minimum investment is made on production. 
The average return was highest forchickpea and lowest 
for khe;;ari. However, as the fa, ming is ofa subsistence 
nature, and the major part of the produce was con-
sumed, profitability seemed to have little influence on 
production decision, 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 ano simplify the mar-
keting channel, a contract growing sys'em isadvocated. 
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 
pest management, farming systems and socioeconomic 
researches are necessary. 

A definite price policy for pulses is essential. Pro-
curement price should be forecast before crops are 
sown, and the grain should be procured after harvest
ing. For this, a price commission should be formed. To 
reduce the market margin and profit of middlemen, it 
is suggested that contract system of inarketing should 
be practised in which growers and processors will have 

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 thL 
effect of pulses production on the nutritional status of 
farm family, supply of feed to livestock and improve
ment of t0e 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 to the extension workers 
on recommended technology and extension methods 
will help to effectively disseminate the technology 
package to farmers. 

Discussion 

A. Sarker: In Table 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. 1 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, I have shown the 
average of those five pulses. 

M. M. Rahman: Do you think the high price of khesari 
(above rice and wheat) would help reduce risk of 
lathyrism? 

S.M. Elias: To control lathyrism, it is not necessary to 
increase the price ofkhesari. Rather, with improvement 
in the cooking process, it can be controlled. Contrll
ling lathyrism through increased price is an indirect 
method which will have many other effects. 

M. A. Islam: Who is to be trained ? 
I. Subject Matter Specialist (SMS)/Deputy Direc

torofAgriculture(DDA)/Assistant Directorof 
Agriculture (ADA) 
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2. 	 Subject Matter Officer (SMO)/Upzila Agricul-
tural Officer (UAO) 

3. 	 Block Supervisor (BS)/Farmers. 

S.M. Elias: I have mentioned in my paper that at 
present extension serwices 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. So any thrust on pulse production will 
require proper training to the farmers and extension 
workers. In this re:gard, all the workers mentioned 
above need to be trained. Of course, the nature andmagnitude of training will differ for different catego-
m t ostorage 
nies. 

M. 0. 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 crops or 
not? 

S.M. Elias: In our survey data we did sot find any 
farmer irrigating pulse plots. I have already mentioned 
in my paper that after the agricultural census of 1983 
and 1984, the Bureau of Statistics had to revise their 
earlier data. 
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Status of Pulses Marketing in Bangladesh
 

A.K.M. Baziur 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 ofBangladesh (TCB) imports 
pulses, ardmarkets them through selected shops. In recent years, smallfarmers from producing areas 
have started trading as mobile retailers, selling directly to consumers in the metropolitan cities. They sell 
at comparat.;vely 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 (1987/88) is only 0.566 millio, t.In 1987/88, 34 553 t ofpulses/dhals 

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 ofpulses and vegetables increased faster than those of other 
agricultural products. /t 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 tocereals as a source ofcalories 
aswellasproteininthedictofthepeopleofBangladesh 
Being the cheapest source of protein, they are considered 
to be the "poor man's meat". They not only have twice 
as much protein content 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 
dailyconsumptionof pulses isonly 12.5g 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 sell-
sufficiency in the country. As a result cereals produc
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. Io meet the increasing 
demand pulses are being imported from different 
countries. The volume of imports, however, depends 
on total production and market prices ot pulses in ,he 
country. The governlment has taken up aCrop Diver 
sification Program (CDIP) 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 (XX) t of pules has beer, fixed by the end of 1995. 

Present Production 

The area and production of pulses during 1983/84 to 
1987/88 are shown in Table I. It appears that the area 
and production of pulses have remained stagnant over 
the years. A good ;umber of pulses are grown in 

t. Revised statistics (BBS 1989). 

Citation: BARI (Bangladesh Agricultural Research Institute). 1991. Advances in Pulses Research in f3angladesh: proceedings of the Second 
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Bangladesh, the major ones being: khesari (Lathyrus by rural and urban people are shown in Table 2(BBS
sativus L.), lentil (Lens cu/inaris Medic.), mung bean 1986). The recommended per capita rate ofpulses is80
(Vignaradiata(L.) Wilczek),chickpea(Cicerarietinum g day (Ahmed 1989). The total requirements as per
L.), fieldpea (Pisum sativun subsp arvense), and recommendation are 3.63 million t in 1990 and 4.40 
pigeonpea(Cajanuscajan(L.)Millsp.).Theseaccount million t in 1995.
for about 90-92% of all pulse crops. Their shares in The 1987/88 production was only 0.539 million t.
total production are 32%, 30%, 6%, 15%, 3%, and 1% Quantities of pulses imported from various countries
respectively (Table I). The production of pulses is between 1985/86 and 1988/89 and their values for theconcentrated in . few districts, viz., Faridpur, Pabria, last 4 years are shown inTable3 (CollectorofCustoms,
Jessore, Kushtia, Rajshahi, Dhak.r Tangail, Barisal, Chittagong and Khulna Ports, 1989).
and Noakhali. The crops are gro, n mainly during the In 1987/88 the import of pulses exceeded the predry winter months (postrainy season). Wheat and boro vious import record. There were floods during the 1987
(winter) rice do not leave much scope for pulses par- monsoons which damaged vegetable crops. Therefore,
ticularly where irrigation isavailable. Cotton, tobacco, the prices of vegetables increased sharply, which re
and sugarcane are also favored by growers due to their suited in excess demand for pulses. To check the rising
relatively high economic returns. The average national prices, the import of pulses was increased and stood at
yields of pulses are also quite low. 34 533 t.The country faced an unprecedented flood in

The percapitaconsumptionofpu!ses in Bangladesh the monsoon of 1988. asevere cyclone in November, 

Table 1.Area ('000 ha), production ('000 t), and productivity (kg ha") of pulses In Bangladesh, 1983/84 to 1987/88. 

Year 

Crop 1983/84 1984/85 1985/86 1986/87 1987/88 
5 -year 
mean 

%of 
total 

Lentil A' 
P 
Y 

240 
161 
671 

234 
164 
704 

225 
160 
717 

213 
149 
699 

216 
159 
736 

225 
159 
707 

30 
30 

-

Chickpea A 
P 

113 
87 

109 
81 

104 
78 

104 
82 

104 
75 

107 
81 

14 
15 

Y 770 743 750 788 721 757 

Khesari A 
P 

242 
170 

245 
183 

232 
167 

222 
164 

232 
182 

235 
173 

31 
32 

Y 702 747 720 739 784 736 

Mung bean A 60 60 59 57 58 59 8 
P 
Y 

34 
567 

35 
583 

33 
559 

35 
614 

33 
567 

34 
576 

6 

Pigeonpea A 7 7 6 6 6 6 1 
P 
Y 

6 
857 

5 
714 

4 
667 

4 
667 

4 
667 

5 
833 

1 

Total2 

pulses 
A 
P 
Y 

802 
552 
688 

785 
598 
711 

743 
520 
699 

717 
506 
706 

740 
539 
728 

757 
535 
707 

100 
100 

-

I. A am, P production, and Y yield. 
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 (gday-I) 	 Urban (gday-I) 

1973f742 20.1 18.9 
1976/77 13.1 18.7 
1981/82 12.0 18.6 
1983/84 25.9 21.6 
1985/86 18.1 20.4 

1. The per capita availability of pulses for 1987/88 is 12.5 gday.2. 539 000 t (National Production).- 8 850 t ( 15% less for seed and 
storage Ioss) +34 553 t(import) and 105.28 million (population 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 (t) (M.Tk) () (M.Tk) (t) (M.Tk) (t) (M.Tk) from
 

Lentil 0 2090 2.9 18456 205.0 I916 109.5 	 Thailand 
(dhal) China Turkey 

Mung bean 660 7.2 2663 23.1 0 0 1132 15.7 Vietnam 

Singapore 
ChinaAustralia 

Chickpea 0 	 00 0 15806 159.1 33897 318.2 	 Myanmar 

Turkey 
Australia 
Thailand 

Chickpea 
(dhal) 0 5640 	 6.2 31 0.4 157 2.8 Australia 

Black gram 0 0 100 1.0 50 0.5 0 0 Thailand 

Other pulses 1965 10.7 107 0.8 210 2.4 21 0.3 	 China 
Vietnam 
Thailand 
Australia 

Total 2 625 17.9 3643 34.0 34553 367.4 37 123 446.5 

Source: Collector ofCustoms, 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 1986 1987 1988 1989 

January 100 121 102 177 100 177 200 
February 100 122 98 169 165 170 209 
March 100 III 99 130 173 166 201 
April 100 I1i 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 
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. Government of Bangladesh (1989). 

to import 20(X) t of pulses up to April, 1989. Lentil is May to October. with seasonal vegetables. In a normal 
now freely imported by private traders. The prices of yearwith substantial production olfvegetables, fish.the 
pulses increased faster than those of any other food demand for pulses is lower and the import requirement 
commodity group, except vegetables (Table 5) (Orr is minimal. Consumers get fish (small and dry) and 
and Islam 1998). This indicates heavy shortage of vegetables at lower prices than pulses. 
pulses in the internal market. Potato is available in the In the long run the country is not in a position to 
markets throughout the year. The productton of winter import pulses to increase the capita ' cotsumptiot by 
vegetables is about three times higher than that of its population. These are imported only to supplement 

summer vegetables. As a result, consumers use potato domestic production and to reduce the internal market 
and pulses in larger quantities during the period from prices. However, in the short run there is no way to 

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') 1972/74 1984/85 (1972/74 = 100) 

Cereal 9.39 100 337 69 
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 
Vegetables 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: 

I. 	 The declining trend in the production of pulses 

and diversion of land to high-value crops. 


2. 	 Increasing demand due to rise inpopulation. 
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 floods and droughts is 


a result of deforestation. 

5. 	 Increased cost of production and marketing. 

Change of Marketing Channel 

Black grami(n ignamungo tL.) Ilepper) and inung beal 
(early)are har-vested in December but tost ofthe other 
pulses are harvested in Februar. and March. All these 

pulses are distril'uted in the market through the age-old 

chaiiel of marketing. The importeo pulscs /1hal/ collie 

to metropolitan cities through unporters and are mar-

keted through the wholesaler. araidar,and retailer. 

Pulses imported by the ICII are marketed .it,selected 

,,hops. At present man.l\ mobile retailers buo pulses 
fri)m the prod uc iig areas, process thesec ii h caIit idlls
and sell thet in thie fonrt ofcdpro to the urbal aind 
netropolitan populaitio.Theo aleprice oi',ai ul thro gh 
this channel is towr to ik. thantby Tk. 1.(1) 1.25 k 
tis chanel is bhyp Ths crd .kgtantle ri 1.00 1 
the price at thle retail shops. This has eierged as a new 
channel of marketing in recent years and has added new 

dimension tt)the traditional 2hannel. 

Recommendation 

The Bangladesh Government Departments purchase 

pulses through contractors. It is 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, Myrnensingh. Bangladesh 

Abstract 

Khesari(Lathyrus sativus L.) is the most important pulse crop ofBangladesh. A strong epidemiological
association is known to exist between human consumption ofkhesari and the incidence of lathyrism. A
toxin in its seed called /-N-oxalyl-L- a. 1-diaminopropionic acid (ODAP) is believed to be the causative
principle. About 6000 patients are affected by lathvrism in thiscountr. Often malnourished young males 
are the victims. The area under khesari cultivation remains high because of its drought resistance, itsminimal managerial requirement, and its protein -rich seeds. Ofall theprocessing procedur-s, lime water
is reported to remove the toxinfrom the seeds to a great extent. Vitamin C is reported to protc'c t consumers
from lathvrism. Attempts t,' develop a toxin-free cultivar have so fir proved unsuccessful. O.ral 'vl
derivatives of some amino acidsas well as isoxa:olinone derivatives were founcl inthe sv'nthesisofODAP
but its biosynthetic pathway is still not understood. This may in part of]i'r an explanation fo~r the
unsuccessful searchfor toxin-free cultivars. Research efforts should be made to determinethe threshold
levels of ODAP 'nd safe levels of toxicity esultingfrom the intake of variouslforms ofkhesari. The search
should continue for low-toxin lines with high seed yield, andfor easy. efl'ctiveprocedures to remove tiu'
toxin before the seeds are consumed. S-,'dies on the relationship between drought and sahnity resistantc 
and the -N-oxalyl aminoalanine (BOAA) content may be carried out. 

Introduction Present im-oduction and Utilization or Khesari 

The genus Lathvrus comprises about I5(1 species that Production
 
include food, feed, and ornamental plants. The species

commonly known as khesari (Lath.'russativus I.) isof 
 Khesari covers about 30(o tffhe areaand production of'agricultural importance for its food and feed value. It all pulses in Bangladesh. There isagradual decline inis known to be anative of southern Europe and West both hectarage and production of this crop (Islam and
Asia. It is cultivated in the Mediterranean zone and Rahman 199(). This decline is associated with the near temperate as well as tropical countries fronm the overall reduction in the total hectarage and production
Canary Islands in the West through Germany ir the of all pulses.
north and Ethiopia in the south. t India and C,:ntral It is one of the maji r sources o lfprotein in th,. dietAsia in the eL:: ;-islev 1986). About 56 varieties of of the poor people of Bangladesh where 5W4. of the
khesari are known in the Indian sub-continen:. There households sufferfrom proteindeficiency. Itisalsothe 
are agood number of germplasm lines, both local and cheapest of all pulses although its present price is likelyexotic, available in Bangladesh. to go beyond the reach of the common people soon. It 
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is a tasty food. It may contain up to 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 its dhal 
which is an aqueous slurry cooked with spices. Itisalso 
eaten as cooked paste mixed with vegetables or occa-
sionally with dry fish in some regions ot Bangladesh 
along with the major meal. Khesari is consumed quite 
often in the forn of chapati (unleavened bread) or 
dhalpuri con'-Aining varying proportions of' heat and 
khesari and also as hora prepared in tile fonn of deep-
fried paste balls. Often this bora contain,: different 
proportionsof lentil(Lcn sculinari.sMedic.)andkhesari 
seed powder. In addition, khesari isalso consumed by 
boiling the mature pods and as roasted seed with 
roasted rice. Kiichuri, a Bengali dish, is prepared by 
cooking rice with variable proportions of'khesari seed. 
This is a really nLitritious meal in terms of quality and 
quantity of protein. Sometimes whole or crushed 
khesari seeds are boiled in water and eaten 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 northern region of 
Bangladesh, poor people live on khesari. It is known 
to be a survival food item during famine. Often the 
farm laborers are given their daily wage in tie forml of 
khesari seed, a factor which seems to contribute to the 
incidence of lathyrism. 

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 consumption of khesari seed. This disease is 
characterized by muscular rigidity, weakness, and pa-

ralysis of the leg muscles. The onset of the disease is 
often sudden. A laborer while trying to resume his 
work after arest at the end of hard work for acouple of 
hours or after a night's sleep, suddenly stumbles and 
falls. He complains of pain in the back. His lower 
limbs become stiff. A physician may term this disabil
ity as spastic paralysis of lower limbs. Reports of 
lathyrism were found in many countries including 
somle in Europe and Africa. It has been eradicated in 
European countries by a ban on Lhesari cultivation. 
But it is still acrippling disease in India and Bangladesh. 
Legislative measures to ban khesari in India failed to 
discourage fanners from growing it. There are now 
about 100(Wpatientsoflathyrismn in Bangladesh (Kaul 
and Islam 182). 

Several factors are believed to cause lathyrism. 
These include pbvtates, alkaloids, lack of vitamins A,B 
and C, and virus infection (Sanna and Padmanabhan 
969). High selenium and low methionine in tile 

lathyrus seeds were considered to cause lathyrism. 
Also the seeds of 'i iaspecies present as contaminants 
of* marke! samples of khesari seeds were claimed to 
cause toxicity. The main problem in identifying the 
toxic factor was the lack of a suilable experimental 
aninal which responds to the toxic factor in khesari 
seed. Roy et al. (I 903) devised an assay pr(cedure 
using khesari extract on I-day old chicks when 
sy tnptonis situilar to hUlian lathyri sm appeared. This 
ass;iy procedure led to the identification in khesari of 
the toxic factor 13-N-oxalyl-L (i. P-diamninopropionic 
acid (ODAP). otherwise designated as I-N-oxalvl 
aminoalanine (BOAA . The chemical structure of this 
substance is as follows: 

HOOC - CO NH - CH, - CH - COOH 
I 

NH, 
An intraperitoneal injection of this factor elicited in 
chicks some neurological symptoms. Ahmad et al. 
t 1981) viewed that it was amatter of opinion whether 
these symptoms in chicks were to be taken to be 
equivalent to neurolathyrisin in hunan beings. 

Neurolathyrsmn 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 four times the amount of khesari compared 
to the nonaffected families (NIN 1983). A survey 
performed jointly by avoluntary 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 isconsidered to be 
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intimately associated with malnutrition. A well-nour-
ished person has not so far been found to be afllicLed 
with this disease. 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 
lathyrisin sets in. The highest incidence of the disease 
occurred in 1974 when awidespread famine broke out 
in Bangladesh. It was also observed that incidence of 
lathyrism follows aperiod ofdrought. It mainly affects 
young indes who are more prone to lathyrism than 
females, th! ratio being 10: 1. In females, the onset is 
generally before pub,rty and after menopause. It 
seems that the female hormone estrogen protects them 
during the active reproductive period (Dwivedi 1983). 

Vitamin C and lathyvrism 

Abmad and Jahan (1983) reported that adult guinea 
pigs and monkeys when fed on cooked khesari supple-

(IV) 

mented with all vitamins except vitamin C became 
paralyzed in 3-7 weeks while those on the same diet 
supplemented daily with 5mg of vitamin C remained 
heL Ithy. When khesari was replaced by any other 
leg-.rne or cereal in a vitamin C-deficient diet 
neurolathyrism symploms or neurolathyrism did not 
appear. They claimed to have cured fresh cases of 
human laihyrism by intravenous administration of 500 
to 1000 rng (ifascorbic acid daily. Reports corroborat
ing these findings are yet to be published. These 
findings, however, lend support to the view that inci
dence oflathyrism isclosely linked to the deficiency of 
nutrients (Islam 1983). 

Quantitities and Procedures for Safe
 
Consumption
 

It has been found that harmful effects ofneurolathyrism 
are produced in 2-4 months with adiet of which 40% 
or more ismade up of khesari seeds. Inorder to avoid 
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its toxic effects, khesari should never :rno more than 
one fourth of the total anount of cereals and pulses 
eaten each day. Ahnad and Jahan (1982) opined that 
i population VclI' Qourished in respect of viitam in Cwill 
not deveolp neu, ailhyrisii in spite if tile use of' 
khesari as aprincipal item in the diet. 
A number oi procedures %cre suggestedIto eliminate 

ile toxins frotm khesari for sate coittn pi in. MNohan 

et al. 1I966) suggested the retro,,al i itle oxin by. (ia) 
sleeping delusked seed ii hot %aier Itr several hours, 
(1t boiling the seed in %% thesupeniatant.ateranddrainingi 
and (c) parbili g. These methods of, detoxification 

u u(l1 reniise several of the uelul)i, ter-si)uble t1u-
trients. reduce the %Ci21itltl 
taste and glutlnous propcrt, 
tot tif ttugh ftOr thaflatt. 

iltetded riitsling oh Neceds. 

pulse grait, attd affecl 
requicd Itr the prepara-
P,% ei t. I Q6.3 ) reconi-

Ihi'seser. it atdersel. 
allects the t hapI; itakltig piilcil\ 

AirItd aind Jahal r I I." I Ie..ne'd that kltesari is 
11111hull, dt mtixte l I itis, tiecdtel %tilt hlmi.s.aier io 

.asth tt file 1iixt s,.ii,. I,. itcclth.less. .I s,aer. 
,,luble suisttliltCc, lhxIhui tiltii lcsiducs Ii %',ash-

tig catcdi latl\ ru I ItlliltiNtt III Jin1il1S suggestllg 

tlhti either a .onsiderable .niurt i t et.ls tit hituld 
formri t ciid h%1ot0 i .f oit!c tominst relit ,uet htiiC tr 
v%hth arc nlt ,ulithlC III ss teI "ltit J iarrt\ mit 

khue it l t It ,C )1)..\1' iAt,, nI.,t rtiecessa;ril he 
Iltltxli-.. 

.lirttiad and Jlalat I I x-) iepitrttii a pro .cdurC tir 
ciiliplele itctti\lWittil klistri. l)eCiirtlI.dlcdLgriurutd 
kiesari I.tCds kerc s iaikci it saturaicil htite ,k ater tfil 

1lt uing Jist etititlgl lCtk. stitl,er titaltit .i lak i t d 
then soiked tmuaterial is iiutocla tid for ibti II [ll it 
101.5 K pia( 15 Ihs pressure inch :I. Tis procedure 
destrtscd )l)A I.: i nitcI.. It pure )I)AIP '.as 
treated Itt the sante xkl sith little, it v.as also l st. 
.\utocla. itg the sweds ith vater iit lieu ot lttle .ier 
'.ktuhd [ilt iestm Ol.-P in tie sced. Juso boling In 

cultivars. screening programs were initiated in 
Bangladesh. Kaul et al. (1986) reported that ODAP 
content s of 127 local gennplarnsn lines ranged between 
0.45 - 1.4 Ing 1;. File), identified two lines, 3906 and 
3968, as low-toxin lines with 0.35 and 0).621/ ODAP. 
They even recoinmended release of these lines to the 
faroters as an interinm measure until lower-neurotoxin 

cuItivars were identified. IIlussain and Khalun 11987) 

obtained O)DAPcottents of 133 germnpasin lines, both 
local and exotic, iii which ()I)AP contents varied frotm 
(1.62'.7 ti I ;5 They identified 10 cultivars with lowJ)5. 
neurotoxin ranging froit 0.62-0).79'4 . [here were 
sime oi er apping culhivars inthe reports of Kaul et al. 

(196) and iHussain and Khatun ( 1987). Different 
gro. tlh conditions aitd storage peritods appeared to 
itllucncelhe ODAP|icoriterits. Aconilparativelbioassay 

%%chicks usting lo.- and Iigh-loxin khesari showedtilt 
that 24 g of low-loxin cuLivar I' 24 was required to 
produce symptlmxs similar to those prIiduced by 5-( g 
tit hc local high-to\i variet.. 

On the basis t f the coloir tf tie lIloters, three 
sarreties of kltesari hase bet distinguished : alhus 
t shite) roeut, Ipink t. and cartCus (blue). The alhus 
is rare title cvancus Is ctttrcomon. Petlurtar studies 
h\sQuader el at. I1t980) sltised that '.. litc-hlts,.ered 

plants hItaullnre tixtin as coitpareid to s)lise . tilt blue 
tlo t',ers. 1); nitia I It176) reprrtcd that lI, lit cream
colircd secd hat : tle otAest (I)AP c:ntetii. So tloiter 
clul()r antd sced-coat color Could be us:d as indices for 
IICItiteting los., -itilnvarieties. Ol)AI' v'.as present in 
all IsuCs. btll it, tatIntutil c ,,aspresentr.ol; tritrcatiron 

i't the leat during the vegetative phtase itd ill tile 

embrxto during the reproducisve phase. 
At itternatiotal associattiotcalled tie International 

Ncts.irk for tile Imprtoveeneit of lalhtt t ilt.s L. 
antd the [Eradicatiotit if Lahthrt t IINILSEL) has been 
inned (IKaul and (it'ibesN19t 6 INILSEL aims at 

duselopirg toxin-tree strains tf khesart. According to 

ater 
,t, tid atlst rcror e the tx:ini rm the see.'.t,'rcd Kes, UK. ait nit-tree strain oiflnthvr.o sativus L. can 

ltlte %%, htr abitutl 11 Jtin I inltead ot auttlcl.i Ingt Profl Bell. Director tf the Roival Botanic Gardens at 
seeds. 

but ile taste ol lie ica) is 1tgh ilt\m 

I)eselopment of iovi-toxin or Toxin-free 
(ullisars of Khesari 

U'se o inulagens like gatina ra~s. degerniing ioif 

co.tledtns. deelttpiiieil of pure Ities 1), selecition. 
selection b\ nutrphilogical characteristics, aid use of 
rit:ronurients al !he segelati e stage .ere adopted to 
deselop cultis.ars oiti io, ncurottxin. In all.tth nor 
ittempt to isolaite and identif, io. -toxin or toxin-free 

becme a vtnder crop tii the seii-and areas of the 
'. ortld. 

Biosynthesis of ODAP 

Ti ecvolve acultivar tree from neurottxin, information 
onlthe bisynthetic paih, a' and the enzymes involved 
in its biosynll'L ,is may eventually become important, 
if modern technology, including genetic engineering. 
tithlobe utlized. Biisynthesis ofO)AP isachallenging 

problem which has so far defied most approaches used 
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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. Misract 
al.(1981) failed todetect the activity ofODAPsynthase. 
Certain doubts were raised regarding the involvement 
of the enzymes oxalyl CoA synthetase and ODAP 
synthase. The two-step process vsas claimed to be 
chemical rather than enzymatic in nature. The absence 
of ., 3-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 
traceable 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 x -arabionosyl [1-glucosyl-
a, P-diaminopropionitrite, and P-(isoxazolin-5-one-z
oyl)-alanine (Lanibien et al. 1976). Both these com
pounds release DAP by chemical hydrolysis. The 
Lambien group proposed the following biosynthetic 
pathway for ODAP: 

I 2 
1.Asparagine - > Isoxozalinone - > Acetyl 
serine P-1soxazolinone- 

3 4 

alanine- >Diaminopropionicacid(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 ke) 
enzyme should thus be the one eventually catalyzing 
the formation of diaminopopiolic 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.1p-
diaminopropionic acid (DABA) by a- id hydrolysis or 
by UV-light (Lambien et al. 1976). When compound 
(11) is given to young chicks with the feed or by 
intraperitoneal injection, symptoms of neurolathyrism 
develop. In the brain and in the blood of the chicks free 
DABA is found together with compound (II). Probably 

compound (11) is toxic because it is metabolically 
broken down to the toxic DABA. 

Some important findings of biosynthetic studies 
that require attention are as follows: 

I. 	 Homoserine and acetyl derivatives are found to 
accumulate during germination and in young 
seedlings of khesari. 

2. 	 Homoarginine is the major nonprotein amino 
acid in dry khesari seeds. 

3. 	 Four major isoxazolinone derivatives are known 
to accumulate 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 early gemination stage, there is a rapid 
increase of the isoxazolinone derivatives and 
homoserine. 

6. 	 O-oxalyl-homoserine disappears during ripen
ing while ODAP increases. This may be a 
storagecompound foroxalateneededforODAP 
synthesis. 

7. 	 High biosynthetic rate of ODAP occurs duri-.g 
young seedlings and ripening seeds. 

Arguments in Favor of Khesari Cultivation 

I. 	 It can be grown with remarkable ease. i nas a 
firm place in the agroeconorny of Bangiadesh. 

2. 	 It has a high degree of stability under extreme 
conditions like drought and waterlogging. 

3. 	 Since it is often used as a relay crop. it utilizes 

the available moisture to its best advantage 
particularly during a drought. 

4. 	 It fixes 32-50 kg of atmospheric nitrogen ha'. 
5. 	 It is an excellent fodder crop. It is believed !o 

augment milk yield. 
6. 	 It is a traditionally favored item of food among 

economically poor segments of society. 
7. 	 It is a nuiritious and tasty food item containing 

up to 3S'% protein with gor I amount of lysine 
for supplementing rice-based diets. 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 develhp a toxin-free cultivar have yet io 
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 deternined. It is also necessary to establish 
the relationship between oral intake of the various 
tonil(5 (I k hesari ((11101. horw. anud i hopwit. and albsortiso' olieaAP inat blood and t n ad to 
sorption ofboda trlathyrisin.
c-rehrspinal fluid. Bi syntlhetic pallmay o" OI)AP 
neds to be deciphered in order to deve op i toxin-free 
khesari hy ut iling modern techniques like genetic 
erneineerilig. Studlies, shouldl be' undieraken to investigatethginriongSl,,i. houleedhtnalt) inlvesit;.c e
1 ith ()l)a ctiiteni. 

I)iscussioll 

J. Kumar: Would Noil pleas.e conmrient on the screening 

prcLtuleis for B()AA deterniiation 

%I.Ilussain: The Ot method proposed h\ SI.N RO\ 
Is i10\k heing used for tlhe tiuaiitaticii t* BO)AA.\ 

il'" IM be used tr Laster ScreCineil (t breeLinl 
materials. 

II. Islam: I. Yoi h e iienitioned that inkiesani there 
is 35 iprotein. 110%% much (if tillprotleiisieslihlc' 
What is the proSct Of ClIari irigi the no (uldigest ilbhle 

protein to graiii .ielhl through breeding '.' Please 
.'llli clll . 
2. What morplhologucal charactIs are associated . ii%k 
Ii')A~\A coiteint .preventive 

N1. Hussain: 1. ligestibilit of kbesirt Protein is loss 

due t0 li sulphur-ci (nlaining nii acids andntill i 

olher anitiiutrttiona Icors. Breeding program lor 
eliminallig B()AA aid for intltorpirating lesirable 
characleristics is s% heiiig pursuel. 
2.Sorlie rep(r[,, iiitlitcl that1t1osserco'ohr andi sec tiatcihir rna be uedindicstli.cfrr olo)AAa(dsed coat 

ass.. ',thlese rep)orl,, a.re riotais cisseit",LtI1I. 

Ni..NI. Rahitan: 'iou riiertioried that 5{() - I()X) rng 
\itanin ( iitake (intra\cniitis helps recovery it'

" 
allhrisni-aflected patients. I-las thi, been verified.e 

M. Hussain: Reco\er\ on adiriitIratiin fvitatin Cf 
in nilegadoses has been ,uggested. losever. neural 
changes are often irreversible. So recovery from 

lathyrism by vitamin C depends on the stage of appli
cation. 
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Fudses as a Substitute for Animal Protein'
 

Umaid Singh and R. Jambunathan 
International Crops Research Institute for the Semi-Arid Tropics 

(ICRISAT), P.O. Patancheru, 502 324, Andhra Pradesh, India 

Abstract 

Nearly 80% ofproteins and 90% ofcalories consumedby humans in d'he developing countries are supplied 
byplants orplantproductv, therefore, pulses are an important source ofcheapproteins 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 animalproteins but increased quantity ofintake can partially 
overcome this deficiency. Methionine and cystine are the first limiting amino acids in pulse proteirts. 
Globulin is the major stoi -ge protein ofpulses 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 to be present in pulses. Primary processing, such as dehulling, andsecondary processing, such 
as 'ooking, influences the nu:;.'ive value and acceptability of pulses. These processes improve the 
bioavailabilityofnutrients (thou .h st me of these nutrients may be lost ,vhile undergoing these changes) 
and partly or wholly removes some of the antinutritionalfactors and toxic constituents. 

There are also well recogni:ed 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 ofpotential diseases if stored 
andconsumed under unhygienic conditions; ar, the quality ofthe availableproduct. On the other ha,7d, 
pulses have been reported to reduce the levels of cholesterol and blood glucose. Therefore, pulses are and 
will continue to be important sources ofproteins in the diets ofpeople in developing countries. 

Introduction 

The existing knowledge of world protein resjurces in 
relation to human requiiements has l'een reviewed in 
the past (Porter and Rolls 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 becaus. or their flavor and ttkxzure. Although 
there is no specific requirement for arlim.l 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 de',eloping countries, the availabil-

ity of animal proteins is considerably less, due to 
economic and social reasons. 

Plant proteins 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 rn 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.) 

I. ICRISAT Conference Paper no. 556. 

Citation: HARI (Bangladesh Agricultund Research Institute). 1991. Advances inPulses Research inBangladesh: proceedings of the Second 
National Workshop on Pulses, 6-8 Jun 1989, Joydebpur, .3wgladesh. Patancheru, A.P. 502 324, India: lnternational 'Zr.ps Research Instiatte for 
the Semi-Arid Tropics. 
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Table 1.Availability of protein and caloriej in scme Asian countries'. 

Person' day' 

Protein (g) Calories 

Country Plant Animal Plant Animal 

Bangladesh 34.3 4.3 1796 64 
Burma 57.6 8.4 2409 109
China 51.9 8.4 2367 198
India 46.1 6.3 2036 125 
Indonesia 46.0 5.5 2450 54 
Japan 41.9 43.7 2263 541 

Malaysia 32.2 22.3 2270 -6.
Nepal 44.9 8.1 1906 i,!.2
Pikistar 42.6 13.8 1947 238
Developed countries (All) 42.4 54.9 2364 1010
Developing countries (All) 46.9 

I. FAO (1986). 

Hepper). khesari (Lathvrus sativusL.), and lentil (Lens 
('uinarisMedic.) are largely grown and consumed in 
Bangladesh and India. Some important aspects of the 
nutritional quality of these pulses are discus!,ed 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 1993: Singh and Eggum 
1984). Among the food crops. legume grains contain 
the highest quantity of protein which is generally twice 
or three times the amount found in cereal grains. The 
proteinsofthelegumegrainsarerichsourcesoflysine, 
but are usually deficient in sulphur-containing amino 
acids, methionine and cystine. There are large differ-
ences in the protein Lontent of pulses (Table 2) and 
wider variations (12.6 to 30.51;' ) were observed in the 
chickpea seed protein content (Singh 1985). and in tL,: 
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 astandard 
reference pattern, usually casein. Methionine and 

11.3 2222 202 

cystine, including tryptophan rid threonine in some 
pulses, have bcen reported as he .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 identied and used in the breeding 
program for imp,oving the protein quality of pulses. A 
recent report 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 compo.,,ion of lentil, 
chickpea, and khesari. 

The biological value of adietary protein, which is 
defined as the fraction of absorbed nitrogen retained in 
the body for maintenance and growth, is one of the 
mosi useful 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 
dietary proeins as the amino acid composition of 
cereals and pulses compleme i( each other. The bio
logical value ofegg pr( :eins is the highest followed by 
milk, fish, and meat proteins (Table 4). There is a large 
variation in protein digestibility, biological value, and 
net protein ,itiization of the various legumes (Porter 
and Rolls 1973). Biological value ot lentil has been 
reported to be the lowest, and biological values of 
pigeonpea (Cajanus cajan(L.) Millsp.), cowpea (Vigna 
unguiculata IL.) Walp). and mung bean are compa
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Table 2. Ranges and means (parentheses) of protein, methionine, threonine, and tryptophan of commonly consumed 

pubes'. 

g 100 g-I protein 

Pulse Number of cultivars Protein (%) Methionine Threonine Tryptophan 

Chickpea 6 20.1-24.6 
(22.0) 

1.0-1.3 
(.1) 

3.3-4.7 
(3.9) 

0.4-0.9 
(0.7) 

Pigeonpea 2 18.2-20.5 
(19.4) 

0.8-1.0 
(0.9) 

4.0-4.1 
(4.1) 

0.4-0.5 
(0.5) 

Mung bean (green gram) 5 25.2-28.2 
(26.6) 

1.0-1.7 
(1.4) 

2.7-3.0 
(2.9) 

0.6-0.8 
(0.7) 

Black gram 3 23.2-24.4 
(23.7) 

1.0- 1.1 
(.0) 

3.0-3.7 
(3.4) 

0.6-0.8 
(0.7) 

Khesari (grass pea) 3 30.6-33.9 
(32.6) 

0.3-0.4 
(0.4) 

2.7-2.8 
(2.8) 

0.4-0.5 
(0.4) 

I.Shobhana etat. (1976). 

Table 3. Essential amino acid requirements for humans- Food and Nutrition Board and FAO/WHO,'JNU. 

Essential 
amino acid 

FNB pattern for 
high quality 
proteins 

(mgg-I protein)' 
-

2-5 yr 

FAO/WHO/UNU2 
suggested pattern 
(mg g- I protein) 

10-12 yr Adult 

Lentil' 

Amino acid composition 

Chickpea2 KhesarP 

(mgg-I protein) 

Lysine 51 58 44 16 70 70 75 

Threonine 
Methionine +Cystine 
Tryptophan 

35 
26 
II 

3' 
25 
I1 

28 
22 
9 

9 
17 
5 

35 
19 
10 

35 
26 
8 

22 
16 
8 

Valine 48 35 25 13 50 50 40 

Leucine 70 66 44 19 75 93 66 

Isoleucine 
Tyrosine +Phenylalanine 
Safe level of protein intake 

(g kg-') 

42 
73 
2.0 

28 
63 
1.10 

28 
22 

0.99 

13 
19 

0.75 

43 
75 
-

51 
86 
-

66 
42 

-

1.NAS (19b0. 
2.FAO/WHO/UNU (1985). 
3.Goplan et0. 019731). 
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Table 4. Biological value (BV) and protein efflcmcy 
ratio (PER) of different foodstuffs' . 

Foodstuff Biological value (%) PER 

Rice 68 2.2ieat 65 1.5 

Maize 59 1.2 
Chickpea 68 1.7 
Pigeonpea 57 1.5 

Groundnut 55 1.7 
Egg 94 3.9 
Milk 84 3.1 
Meat 74 2.3 
Fish 76 3.5 

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 Feame 
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 
andJambunathan 1982). The globulin proteins are also 
the most deficient in sulphur amino acids and thus 
affect 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. terefore, the selection of cul-
tivars containing higher concentration of tis fraction 
will be desirable to improve the protein quality. In 
addition, glutelinfractionalsocontainshigherlevelsof 
methionine and cystine, suggesting that cultivars with 
a higher ratio of glutelin to globulin should be identi-
fled to improve the protein quality (Singh and 
Jambunathan 1982). 

Supplementary Effect of Pulses on Nutritive 
Value 

Cerrial-grain proteins are low inlysine buthave adequate 
amounts of sulphur-containing amino acids. On the 

other hand, the proteins of legume grains are rich 
sources of lysine. It is therefore often emphasized that 
legume-grain proteins 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). 'n 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 
trypsinandchymotrypsininhibitors, amylaseinhibitors, 
polyphenols, phyto-hemagglutinins, and glycosides. 
Of these, trypsin and chymotrypsin inhibitors have 
been studied extensively. 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 shewed 
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. 
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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 khesari, 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, dietary fiber from bengal gram 
has been reported to reduce the level of cholesterol 
(Thomas et al. 1987). Bengai gram dhl and rajmash 
(Phaseolus vulgaris L.) have been reported to reduce 
plasma g.ucose level in humans ( Dilawari el al. 1981 ).
Mung bean and chickpea reduced the cholestLrol level 
in rats (Jaya et al. 1979). Therefore, in addition to 
providing acheap substitute to animal proteins, pulses 
have the dual advantage of reducing the cholesterol and 
blood sugar, the two major causes concern lbr the 
present-day human population. 

Conclusion 

Pulses are important sources of protein and in acereal-
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 isalso very inefficient, 
Pulses such as chickpea also 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 relatio,.ihip be
tween the nutritional value and insect pest resistance of 
chickpea and pigeonpea? If so, what was the rela
ionship? 

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.e., how much pulses (g), cereals 
and vegetables should be taken for astandard 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 ex'osed to high 
temperature, e.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 know that 
protein content and yield are negatively (,)rrelated. On 
the other hand, only about 6.)17 of the pulse proteins are 
digestible. 1. Would you please give me an idea up to 
what extent protein can be increased in chickpea without 
sacrificing yield? 
2. Isthere abreeding program at ICRISAT for increasing 
the digestible protein only? 

U. Singh: It is difficult to say to what level protein 
content can be increased. But the normal protein 
content is about 20%c and if protein content be in
creased up to 25% it would be useful from the nutrition 
pointofview. No, wedon't haveanybreedingprogram 
to increase digestibility of protein. But we are studying 
the factors that affect the protein digestibility of le
gumes. 

H. Islam: Lentil causes some heartburn while mung 
bean does not. Would you explain the biochemical 
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reasons or the difference in digestibility ofprotein from 
these two sources? 

U. Singh: I am not aware of any biochemical differ-
ences associated witi such effects. 

M. A. Aziz: I. Is protein content related to yield? 
2. If you increase the protein content the yield maydecrease. Please comment.OrasainWrdHatOgnito/Ute

decrese. leascoment.Nations 
U. Singh: Yes it is true. There is a negative correlationbetween yield and protein. But the magnitude of 
correlation is very low anrd it ma vary with locations 
correlnatois,vzation, 
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 justifyconsideration of soybean ats a pulse'? Is not the main 
concerain declining pulse production the decline in 
available protein nutrition? 

U. Singh: It is not under consideration w,hether ,u, 
bean could be called a pulse crop and also this is not 
related !a the declining trend in pulse production, 
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Abstract 

Agricultural Research Networks (ARNETs) are becoming popular with agricultural research scientists 
allover the world. An ARNET is a cluster ofscientists or institutions linked together bva common interest 
in working dependently or interdependently on an identified shared problem or ptoblems. The overall 
objective ofa network is to strengthen the research capability ofnational agricultural research systems 
and to identify, address, and solve farmers' problems. An effective nc;work will facilitate sharing of 
research information, help to reduce unnecessary duplication, provide the critical mass ofeffort needed 
to give quick answers to pressing problems, and hasten scienlific breakthroughs. ARNETs have five 
important components: membership, research, coordination, communication, and assets. Networks are 
dynamic and responsive to changing needs in agricultural s'stemns. There are many types of ARNFJTs 
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 coordinatedfrom ICRISA T Center. 
Patancheru, Andhra Pradesh, India.AGLN is now operating in 11 countries ofAsia including Bangladesh. 
All Bangladesh scientistsand 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. It aims to improve the 
research capability, and transfer of technology related to AGLN legume crops in Bangladesh, including 
supply of germp'asm. breeding material, training, and literature. AGLN also assists in developing 
collaborative research projects. and helps tofindfinancial assistanceforspecial research projects. These 
activities have already been initiated in Bangladesh and will be strengthened with the establishment of 
a Technical Assistan:e Project Proposal (TAPP). 

Introduction collaborate more fully with the Pulses Improvement 

Program in Bangladesh. 
Networks and networking have become increasingly 
popular in recent years. Much of this increase in 
activity has been in agricultural research networks 
(ARNETs), ofwhich the AsianGrain Legumes Network ARNETs have been defined as "a cluster of scientists 
(AGLN) is an example. In this paper we will examine or institutions linked together by a common interest in 
the structure and activities of AGLN in relation to other working dependently or interdependently on identified 
networksandcountries, andexplore how AGLN might shared problems" (Faris and Ker 1988). 

I. ICRISAT Conference Paper no. 528. 

Citation: BARI (Banglrdesh Agncultural Research Institute). 1991. Advances in Pulses Research inBangladesh: proceedings of the Second 
National Workshop on eulses. 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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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 
a steady income. A set of more specific objectives was 
speltout at a Network Coordinators' Review in Nairobi 
In May 1988 (Faris and Ker 1988). These were as 
follows: 

" 	 to strengthen the applied research capability of 
national agricultural research systems to iden-
tify, address, and solve farners' problems: 

* 	 to generate appropriate technology by more ef-
fectively utilizing existing research personnel, 
facilities. and other resources; 

* 	 to esure stability of' agricultural production 
through a responsive research capability: and 

* 	 to provide the support, both technical and finan-
cial. required to facilitate the coordination of 
activities on a regional basis, 

ARNEr Structure 

Although each ARNET is unique. virtually all involve 
the following five components: 

I. 	 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 (IARCs). 
regional programs, laboratories in developed 
countries, and bilateral projects. The network is 
organized to meet its members' needs. The 
members provide the input and use th,, resulting 
output. 

2. 	 Research: ARNETs are established to provide 
answers to identified problems. The research 
component is the main part of the network that 
provides answers t(; these problems. The re-
search component can identify infonnation in 
the form of literature that already exists, or it can 
generate new products, such as new techriolo
gies or varieties. Alternatively it can forge a 
new research method or create a new type of 
database. Almost invariably, however, the re-
search component incldes some type of active 
research specific to the network. This research 

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, 
andasteeringcommitteethatprovidesguidance 
for the coordination unit and hence for the 

activities of the network. The coordination unit 
usually consists of a network coordinator and 
some staff. The coordinator's role is typically to 
act as executive officer for the network. The 
steering committee nonnally consists of repre
sentatives ofthe network nemrrship. inJuding 
research managers, netsork scientists, outside 
consultants, and donor representatives. This 
guiding body can undertake many functions 
includitg arranging for annual meetings of the 
network coordinators from each country or a 
workshop involving all members. 

4. 	 Communication: The communication com
ponent consists ofthe various links within and 

between the other components. These links 
include correspondence, publications such as 
newsletters and research reports, visits, work

shops. monitoring tours, and training. They
furnish 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 ior the communication aid 
coordination components, but frequently small 
amounts are also used for the research compo-
Ilent. 

A major reason for organizing networks is so that 
network members can pool their resources to provide 
the critical mass needed to efficiently provide research 
to answer the members' needs. The network also helps 
reduce unnecessary duplication of effort. 

Networks as Organisms 

Using diagrams to depict network structure can ob
scure the fact that networks are dynamic. To iliustrate 
this point, let uscompare a network toa living organism 
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that is conceived and born, that gViows, develops, and 
goes through a learning process that includes the ability 
to learn by iis 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 blooc and cell metabolism which 
gives life to the body. The communication component 
is like tie blood vessels and nerves; it "moves" tie 
research component to the membership component. 
The coordination component acts as the nerve center, 
processing inoniatuon and hannoniing the activities 
of the body. The assets component is like food that 
provides the energy to keep the net%%ork organism ali e 
and active. 

ARNET Prospects 

With some understanding of how networks are orga-
nized. we shall now move oil to examine some of the 
important traits that have contributed to ARNET', 
success. These include: 

" 	 a purpose recognized b all members si both 
ilportait nd achievable: 

* 	 a clearl. fcused strateg : 
" 	 art existing or potential source ofi inproved 

technology, incltding the capability to generate 
technology through research: 

* a realistic reearch agenda: 

" strong and effective coordination; 

* 	 a steering corinittee that represents mrenbers' 


vie%%s 
 and can cominit meiber arid national 
progran resources to net,.ork activities: 

* 	 training to ensure that nicirers Aill be able to 
carry out the net~ork's research agenda effec
tively: 

* 	 regular ineetings, ,Aork shops. arid nonitoring 
tours to shire idcas. re%,ek progress. ard plan 
future activities; 


* 
 free xchange of results, materials. and members 
arirng nelsork countries; 

* 	 strong self-intcrest of menbcers served by the 
ne.work; 

" capacity of membership to rnake a meaningful
contribution to the netork; 

" commitment by NARSs to provide the funds. 
resources, and staff needed to meet network 
activities; 

" necessary logistic support from administrators; 
and 

a 	 adequate and flexible outside funding. 

The Asian Grain Legumes Network (AGN) 

The AGLN is a good example of how a successful 
network isconceived and organized, and how its op
erations start to develop. 

In 1983 aConsultative 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 (Ar''his 
hylpouato L.). chickpea WCiucr arwtit'Iwnt L.). and 
pigconpea (Capmiscala'((L.) Millsp.) inAsia arid the 
prlorit. research needed to overcome those constraints 
(I('RISAT 984 ). With these needs inniind, the group 
cndorsed I.RISAT's concept of an Asian Regional
Leg,', Research Program and recomunended that 
ICRIS .appoil acoordinator for the program. This 
%as done in i Review, aridlPlann ing Meeting ri 1985 
ICRISAT 1987a). This nieeting also provided recom

niendations iii the forn of a general plan of action and 
a list of specific actl. ties to be undertaken. The 
(oordinlor aSsned his dutle,, on I January 1986. 
Since then, A(;LN has esoh ed a scries of activites 
based on the ts o earlier meet
ings. We %ill no, review these activities. 

01 f 

AUI-N %kas set Uhi to lacilitate tie interchange of
 
material arid inforniratlion among grair legunre scien
tists at ICRISAT and in Asian countries. The ultimate
 
a in tilie nermork is to help the fanners of tlie region
 
increase their legume produLtiorn.
 

The specific objectives of the netvork were !o:
 

a produce adirectory of AGLN cooperators 
* operate all inri niatilon bank for the cooperators; 
* 	 support Identificallto of adapted grain legume
 

lines and the appropriale agrononi. for their
 
cultivation in each AGLN countrN
 

* protiotetraiing of legumle scintistslroniAGLN 
countries; arid 

* 	 foster special research support projects. 

AGLN is presently aclnie iii I(1 countries: 
Bangladesh. Burnia. India. Nepal. Pakistan. and Sri 
Lanka (in South Asia): People's Republic of China. 
Indonesia. tie Philippines. arid Thailand (in East arid 
Southeast Asia). It also works %sith other Asian 
countries when its assistance is 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 fornal Memorandum of 

Understanding (MOU)with each country. 
Work plans with each country have been developed 

as part of each MOU ICRISAT 1987b). Wherever 

possible these plans have beendeveloped at review and 

planning meetings in each country. The work plans set 

out specific commitmients by both ICRISAT and the 

member countr' as follows: 

* 	 enlist country AGLN coordinator and coopera-


tors: 

* 	 detenine research priorities: 
* 	 decide collaborative research programs: 
* 	 identify needs, individuals. and responsibilities 

for network activities. 

An important feature of AGL.N s structure i,the 

countr, -AGLN coordinator. The coordinators are the 

adminstrat,c oemact persons %kith ICRISAT ineach 

country,. Dccentrali/ation of the responsibility for 

nel%%ork operations increases, tle effect;, encss of 

AGLN's ('oord ination L iit. For Bangladesh.%e hasc 

Olne Coordinator each for giountinut (M.A.Klhaleque) 

and pulses I NMat iurRahnian) 
Donor anid inernation al insitele reprc",Cetativyes 

are integral parts of AGILN's structure. The continutcdL 

interaction ofAGLN %%fill tiis group 5%as a inajo r 

recommendation of the ltJX5 meetine ICRISAT 

1987a). The AGLN Coordiatton L:nit has found 

contacts and joint actis ties %%iththis group .,cry fruit-
ful . 

Tile AGLN Coordinattion Linit consisis of' a Net

work Coordinattor. a Breeder ssho acts as tdeputy 

coordinmtor. and a Secretars. The unit receives euid-

antce for its activities from an Advisors Committee at 

ICRISAT: from meetings "fith national program sci-

entists; countrv coortdinattrs, and administrators in 

each country, and from meetings such as the Chickpea 

Coordinators' Meeting heht in 1t87 or tileRegional 

Legumes Net,vtrk Coordinators' Meeting in Dec 1988 

RISAT i989. These gr iups have fulfilled the role 

of the steering committee. ,.hicht will be fonially 

organized in 1990 as recommended by the Legumes 

Network Coordinmiors" meeting I ICRISAT 1989). 
The main mode of iction of the coordination unit is 

to f.icilitatc contact-, btween legume scientists woik-

ing on groundnut, chi,.kpea, and pigeonpea in AGLN 

countries, and those at ICRISAT. Scientifically. the 

most productive contact isadirect one between scien
tists. Therefore after .iitially facilitating a contact 

between scientists, the input of the coordination unit 

becomes secondary or nonexistent. New initiatives are 

now relatively easy to launch because the contacts and 

agreenents with each country have already been made. 
The AGLN coordination unit and its activities are 

supported by ICRISAT. ICRISATalso provides funds 

for its scientists to visit AGLN countries and to train 

scientists from AGLN countries. The value of outside 
funding isdemonstrated by the large numberofactivities 
and 	additional research made possible in tileSouth 
Asian countries by agrant from the Asian Development 
Bank (ADB,This grant was for the strengthening of 

legume research programs in Bangladesh. Burma, 
Nepal. anid Sri Lanka through the activities of the 
AGIN Similarly. money inade available by the 

Australian International I)cvelompnmcni Assistance Bu
support ofCGIAR-Australian 

Centre for International Agricultural Research(ACIAR) 
actiitlies has resulted in several ninpi ariat activities in 

indone',it On peanut stripe viru,,, and in Thailand 

reau 	Al DAB through i,:, 

on 

p gcolnpea. 

.A(;L%and ilsi 'AIlnproi ,'mntin Ilan ,adv'A I 

Iltheir coIsuIutanc report. Gircen and ttas iin(19T) 

ret'cIIndited that the 'lmliatesh Agricuiltural Re

search Instilutie (BARI) establish links %%ith ICRISAT 

torchickpea aintt pigeonpea inmproscnent. Effective 

research c llaboratitin %kith IC'RISAT began "hen the 

BARI Pulses Iinproscini't Program sas ini tiated in 

198). These links s,.:re further strengthe ,dafter the
 
fornatioh of tie AGIL N a, 1t81.
 

:fi r(;hraiiht. n andIIhii'dInt,onitt1 

Chickpea setl nmaterial sas supplied thriogh interna

tiOnailnurseries frot I975/70 onwards. Ho,,% ver, 

systematic testing antd use oIfbreeding material was 

streamlined onl. after the establishment of the 

Bangladesh Pulses Iprovcment Program in 1980. 

During the periotd 1t8) 198S. 7 sels of trials. 133 F,-

F bulks., and 213 parental and etvanced lines of 

chickpeas .kere sent to Bangladesh. However, only 

tv, 	 lines of' pigconpea haveo sets of trials and mlanN 

been sent. These laterials ,ere exiensively tested and 

one cultivar of' chickpea, Nabin. was subsequently 

released. Additional trials identified to kabuli lines 

and four desi lines as promising. 
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Training 

For various reasons. ICRISAT has not recnited many 
Bangladesh trainees. From 1983 to 1988, there were 
only 6 trainees from Bangladesh. two for 6-month in-
service training, and four for 2- or 3-week specialized 
training courses. We feel that the Bangladesh pro:ram 
would improve if more of their scientists received 
training at ICRI AT :it all levels; in-service rainees, 

in-service fellows, research scholars, aid post-doe-
toral fellows. 

Vrl6h.i, mand Itnti'i'lnt.. 

In comparison to the training activities. many 
Bangladeshi scietlsts have parltcipated in ssorkshops 
and conferences orgam/ed by ICRISAT. Fle fillow--

Ing sleeting,, organied or sponsored b, AGLN in 
eluded participants from Bangladesh: 

* 	 AGLN Chickpea Coordmator,' Work Planning 

Meeting. 4-6 Aug 1987. IRISAT Center' 

* 	 Agricliinuatology of Asian (hram i.¢gume (irii., 
ing Areas. 5-17 )ec 19. I{'RISAT (Center 

* 	 Rgiot al Legunes Ntssork ('oordinators 

Meeting. 15-17 Dec I t I.I('RISAT ('enter: 
* 	 Ncpal/AG I.N CIhil'kpea. ittl I'igCOt.'t Min1-

toriig Tour. 12-I S Mar I1)8), Ncpal, 
* 	 In itenmational Work,,hop i \articial limpro c 

iiieni atChickpea Piget ill pit and ( )tlier 1'latid 

Crops in Rice-tiased and Othel Croppiig 
S~stetns, N9-22 .Mai 1989. KithliiaLdu. Nepal 

and 
* 	 Consultlnt Mtl,,c it on sc,so( Graitn Legunmes. 

27-310 Mar. I)99. ICRISAT ('enter. 

ConsultanIii.%and vtilt.% 

ICRISAT stall have receis ed short-tern assignments 
to assist in developing the pulse improvement program 
in Batgladesh. C. L. L. Gosda worked as an FA()

sponsored consultant during Jan-Jul I 982. I Ieassisted 
in training the .ung pulse sClilltS. )uritg his 
consultancy, he ielped to cormpile : mionograph "PIlse,, 

in Bangladesh". s hich is nos, ssidel, used a,, a refer-
ence b. ,cientists in that country Jagdish Kumnar 
worked as aWinrok Inte atioial-spinsored ciistlt

ant in Jan-Feb and agali from Jul 1984 to Jun I985 at 
the Regional Agricultural Research Station. Ishurdi. 
During this period, he assisted in deseloping and 

:rrengthening the pulses improvement research in 
Bangladedh. An.iler scientist was located at 
Bangladesh Institute of Nuclear Agriculture. Nlymien
singh during 19)85/86 in order to assist the groundnut 
improvenmen t priogram 

ICRISAT ,,cientiss hlve visited Bangladesh to 
participate iti icetings and v,orkshops, to monitor 
trials, and to conduct surveys. More than I0 scitmists 

have visited Bangladesh. held discussions, and offered 
advice on various topics. 

(;erinpim.s iIh'iton 

The Genetic Resource,, ('it of ICRISAT. in collabo
ratton ss.ith IA..\RI. orgamized a gern lasm colleclion 
exipedition LIthring \far I1)85. collecting 271) Il' Iime. 

l 1.38 ClIikpea satileI Illt tlesamples. iOL I tig it 

seed was depoiietd %ith the Gernplasin Ret IutLT¢ 

Center at BARI, and the retiainder \%as e\alualed. 

characteri/ed, aid storcd at ICRISAT. 

('onclusion 

All these actis tics indicate that the Bangladesh Agri
cultural Research System and A(I.N/ICRISAT hase 

establi lied a finn f.outaltioni over the last 1() \cirs lioi 
the iiiiprtis itetitUl clhickpe'a ,t++tl ,eetaii,,a. ihiiist 
ilstl, build on these collaborats, ot,, antd take the 
suCcesse, t thle farmers' fields 

A 3-scar 'echnical Asistarce 1roject Propoisal 
TIAPP) is bing seltI b\ BARI a:;Li AGLN to cocri 01 

crop iitlprivilleill research aLl the transf'er of Ite.l
tlah0g aspct, Of chickp)ea. pigCOIIIaI. anld groUltiinu 

in BIangladesh. The TAI'I1 details the sork plan Ihll 

\%ill be carried out b\ Bangladesh scientists il cillabo

ration w ith AGILN/IURISAT. We trusI that hiw, iork 
will further increase Iegume prIItltciiU uitIIaIglladesl. 

Acknos ledgntents 

We ' ould like tt' p~rcts our thanks to all AGIN pulse 
scientists in Bangladesh '.;no have been associated 
%itil the collaborative actisities of the netwsrk tar their 
contribution to tile success of thi,, effort. 
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Discussion 


M. Amiruzzaman: What isthe procedure forapplying 
for a short-term t;aining (<3 month) at ICRISAT on
pulses quality +,nd anailysis work? 

I).G. Faris: I. Send a proposal to the Director of 
Traiining at BARI and have it included in the 
lanigladcsh-AGLN work phu.2. Send a proposal direc io the Trainii:g Officer at 

ICRISAT with a copy to the AGLN Coordinator a, 

Meeting for Asian Regional Research on Grain Le
gurnes (Groundnut, Chickpea, Pigeonpea), I1-15 Dce
1983, ICRISATCenter, India: Patancheru, A.P., India: 
ICRISAT. 91 pp. 
ICRISAT (!niernational Crops Research Institute 
for the Semi-Arid Tropics). 1987a. Coordination of 
grain legunes rescarch in Asia: summary proceedings 
of the Review and Planning Meeting for Asian Regional
Resear'- on Grain Legumes (Groundnut, Chickpea, 
and Pigeonpea), 16-I8 Dec 1985, ICRISAT Center,

he consideredICR IS ..1'. htwill thein in consuflt(India. Patancheru, A.P. 502 324, India: ICRISAT. 86 
s iththe Director of Training at BARI. 

A. Sarkeh: AGLN k\works only with 3 grain legurres. 
W lVd' t\'ou include other grain Igunes like lentil 
(/. jw4Lt'ilarr.% black grain w'(L.0Medic. ), I ii'nia nit# 
Ilepper), and filing hai (Vin radtwa (L.) \Vilczek 
ilthe nirwork? 

I). t;.Faris: At present the AGLN is constrained t 
Sork onl, on ehi, peai. pigeonlea" anod groundnut 
eca tise the\ are the inndate crops ilCRISAT hich 

is pr0%iding the :oordinat ion Unit for tire AGLN. \'e 
arepresunrtly look ing at kays ofe xpardirig the AGI.N'" 
respoirsibiliry to other grain leguiies including col-
Iil oratin s ith other international institutes such Is 
ICAREIA for lentil ard \\R DC for ntit hearn and 

itlh strong natinal prougraris to provide scientific 
Nicksloppirig such as pro\ iding gerinplasin. There is 
also another iliiti;lti\cbeing considered by sOlte do
nors ardl t ional prograis io bring together aSteering 
Counitlec to ciordiiate the activities of all groups 
wonrkinig on graii legutrines 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), Potancheru P.O., Andhra Pradesh 502 324, Ldtdia 

Abstract 

Short- and medium-duration chickpea (Cicer arietinun L.) materials suit Bangladesh environments,
where almost all production of this crop occurs between 22" and 25"N latitudes. Productivity is limited 
by several biotic and ahiotic stresses. At the International Crops Research Institute fr the Semi-.4rid 
Tropics(lC.'SATi, facilitieshave been developed fir disease and insect rcreening. Somefacilitiesare 
being developed in Bangladesh. ICRISAT has developed populatiot:s ofchickpea with multiple stress
resistances. Such breeding materials, international trials and nurseries, and information have been 
shared with scientists in Bangladesh. Specific crosses fir Bangladesh have heen made. These were 
advancedthrough tie rapidgeneration-turnoverfacilitiesat ICRISAT. h7is cooperationhas resulted iti 
tile identificationffr Bangladesh conditions, of., veral disease-resistant and high-yielding lines. Extra 
v/io-t-duration, wilt-resistant cultivars developed at ICRISA7'" appearsuitablefornortnal and late sowing
ituite-andrice-basedcropqping systcts. A kahuli colvar, icl maturesin 80 to 85 days (rainfed)has 
produced two normlalcrops between Sept 'tnher and Marc/i at ICRISAT Center. Such/cultitvars maY besuitable in short rotations in ricefilows in the Barind tract. In Bangladesh, where the cropping intensity 
can be as high as300% or more. this developmic htc." thepotential to e.xtend cthic/pea culti'ationi outside 
its *nrmal adaptation areas. 

Introduction High experimental yields of about 5t ha' have been 
reported froti Bangl adesh and India. aIthough the 

International Crops Re:search institute tor the Semi- mean productivity in these countries islow and the crop
Arid Tropics ICRISATJ has a world mandate fbr the is losing ground to higher-yieldin2 crops, particularly
improvemen, of chickpea (Cierarietintum L.). The cereals (Islam et al. 199(). Iw%,o types of chickpea arc 
crop is cultivated ]n about 5) countries between - 45" recognited: dcsi and kuttdi. i nave not come across
latitudes north and south. In tile subtropics it isgrown an, ;eport ofkabuli productiton in Batngladesh. Anion g
in the winter s,:ason and in tle temperate zones during all the pulses gro%%r in Bangladcsh. chickpea appears
spring and suniiner. Nearly 6 inillio tof chickpea was to has etlie greates ptciti al bit it is probably also the 
produced inrabout 9 million ha in 1988 (FAO 1989). most unstable aniong this group of crops. Therelre. a
The mean productivity was 671 kg ha '. The Indian major objecti-,c of chickpea research in Bangladesh
subcontinent accounted for 77.51.'! of the production and it ICRISAT is to increase the productivity atid 
and 82.51/c of the area. The mean productivity in some stability of this crop by incorporating resistances to
middle-east countries isnearly 2000 kg ha '(Table I1. bioticand abiotic stresses. This paperdescribes reasons 

1.ICRISAT Conference Paper no. 533. 

Citation: BARt (Bangladesh Agricultural Research institute). 1991. Ad' ances in Pulses Research in Bangladesh: proceedings of the Second
National Workshop on Pulses. 6-MJun 1989. Joydebput. Bangladesh. Paiancheru, 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 chickpeas these conditions, seeds are liable io lose their viability 
in Bangladesh, other countries of the Indian subconti- and consumer acceptance. The loss of seed viability 
nent, and the Middle East, 1988. aflects the crop establisment adversely. 

Area Production Productivity
 
(X)00hal ('000 t) (Itha ')
 

Abiotic Stresses
 
World 865(0 5803 0.67
 
Bangladesh 46 37 0.80' A number of abiolic stresses 
 can seriously affect 
Bumta 255 240 0.942 chickpea productivity. These include moisture status 
India 5806 3622 0.62 of the soil, temperature regimes and hum.idity at sow-
Nepal 41 18 0.45 ing, lowering and podding, soil pH, texture. nutrient 

Pakistan 317 360 0.44 status, and rejuced daylength (cloudy days ,especially 
Israel 58 t.46 it the reproductive stage. 
Egypt 9 15 1.77 
Lebenon 2 3 1.33
 
Tur.ey 665 778 1.17 [ak ol Proper Management
 

I. 	Accordingi to iherevised statistics the area planted to chickpea in Poor p1a st andls in famters' fie Ids is probably I le iIIost 
Barglad-ush in 1987 w.s 103239 ha, production 75(XX)t and imptltant single factor limiting productivity in 
prdtuctivity 1.73 1 ha' Iplse sec editor's note in thewa 5 P
 
pr1weedingsg K 84, 08). Poor seed quality,
 

2. 	 These figures an not match with the country paper frorMyanmar. to, little or excess soi n toi slt t ,ow ing, imlproper 
tl'lease see Thaung Pe, 1(,M for possible explanation.) lattd preparation anid lmlChods of so ittl. and alltlck 1 

various seed and seedling palhogell cdimseriitlslv 
redlce the plant stattds. vell %hcl propet cdieeil ralcs 
Ire used. Farters give the Io . esi preftec to pulse,, 
ill terms ol .tnd allocatiot, \\ceil cotrmol. and iltptls. 

Therefore, these crops ate olteti gto it problen soils 
for low productivity !Bangladeshand recenleffcrts it and outside their normal so, itmetite. Flr e\ample. 
ICRISAT to overcomie these constraints. late sow%itg exposes hCclt kp,,a crop Io CarlI rains at 

1a11.11itv. ields %%vith poorsroil,,, lot.% in trgimic mattc 
,contentI alnd other IIm.~'O;llro I lielln it] havillga n IIot itr 

Major Constraint t,. -ligherProductivity lo\ ntosturc-holiroj capaett or itpropce draintagein 	Bangladesh are uttli/cd for pulses. lrrigaiotn. if at all available, is
given to cereal atnd/or caslt c up,,. Untcr these cotldi
tios., plant groIvth is olten stunted attd their full \ield 

Biotic Stresses piOtetimial cattttot be elaliled. Ilosxs \er chickpeas. 
being itdtertmtitate like other pul,,es, dio ot respond t. 

S usceptli qyttoartr('usdise:isesanidth ici terpa pod high-iotput cittditions. Rathtr. Utider sueICt cowl itiorns 
i.)rcr are it ajor yield reducci ,. !'.- at ititt ,WiIt1tusariiti th whichthey often proditcc excessive vecelative 1g1t.cA 

.,potum f.sp. ciceri) :lry root rot IRhicoctonia leads to Iodg ing, de\Icloptue tt t of dl seascs, and ttlti-
Ialaticolua, botyt is gray nlold (Boiiti. cineria), col- natelV pItir vieIlds. 
1,r rot (Sli.,otfot itili.iih. and chickpea sttnt (bean Farmers general lNso\ chickpea after rice. At most 
leaf roll viru:;) are the most important diseases int research statio is trials ,: planted in well-prepared 
Bangladesh. Atnotig insects, pod borer (I hCOV0r)(1 lalhiw fields. lThereore before a chickpea technology 
armigera cat l reduce vields substantiallv in the field. is given to farters. it must be tested unter experimen
Bru.'iids (Callo.mhruiahoss p'can intfest as itchas 0 tal :'liits thai are .ijnilhr t, those %ht'ere it is to be 
%rof seeds int a lot withintihe first 3months of storage applkad. There is a need to develop h,]ort-duralion 
in ambient conditions. Relatively high temperatutres CthivarN.\%!ichi tt;,yescape variousetil-seasOII stre,:cs. 
and more than 35 % relative humidity favor the growth In addition. somne cultivars which respond to higi, 
of seed pathogens and bruchids. As many as 24 iced inputs slould be bred so that chickpea can compete 
pathogens have been recorded on chickpea with modern cultivars of wheat and rice in tenrus of 
(Am.ruzzanan and Shaha Chowdhury 1Q90). Under stability of productiort and economic returns. 
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Chickpea Improvement at ICRISAT and 
its Role in Bangladesh 

ICRISAT Center near Hyderabad (17.6"N) isalmost at 
the fringes of the chickpea adaptation areas in India as 

the growing season is really too short for this crop. 
Here mainly short-duration materials 00(-11) days) 
are bred. A major station at the Ilaryana AgricuItral 
University. Hisar 129.4"N) for long-dration I150-180I 
days) and another one at the Jai aharlal Nel ru KrISli 
Vishwa Vidyalaya (JNKVV), College of Agriculture, 
Gwalior (26.1)"N) br meditii-duiration ( I20-14()days 
chickpea have been established. Advanced breeding 
lines for short- and loiig-dUrationmaterials are also 
tesled at Galior. We have facilities for off-season 
advancement of mportant breedin! niaterials. Shi rt-
andmedlium-dluratiomniaterials devehlped tICR ISAT 

Center atld 1o1ud prItMn,,imIii at IocatillS in central 
India gcuerll.s suit lattlgladc,,h en\ iromnents because 
in this c tltlr. the crop iscultivated in similar (22" to 
25"N liitludes, 

Germiplasin Collection. SupplY., and I.tilization 

Bangladesh Agricultural Research Institute (BARI) 
and I('RISAT jointly organi ed chickpea gerniplam 
collccti on, in Bangladesh in I97) and 1985. A total of 
211 accessiins "scr cillected ,,id tile seedl I was,cc 
shared between ile twio organizatins. lhese have 

been evaluated, characteri,eLd. caltahlgued. inld liiaiin 
tained at ICRISAT. Their evaluation at BARI. RARS. 
Ishurdi. led to the clcctiin of t \s pnising lines 
RBI-I 121 Iand 135 i. These ha\e been cro',,ed to 
sources offusaritmtl- s, ill ri',si,: e. ICRISAT main-
tains over 15 0)0 geriplasn lineI chickpea. Wc 

have supplied alarge nuiil eri fgerm plasm collcctions 
to local scientists on their request. These include 
source s of rcsist , ice to \ariu , biotic and abiitic 

stresses, -enetic diversity, and high yield potential. 

Breeding MVaterials, Nurseries, and "Trials 

Scientists it BARI. Bangladesh Institute of Nucllear 
Agriculture (BINA .and ICRISA'I have cooperated in 

gro\ ing a number of international trials and nurseries 

at ,ar ous locations ini Bangladesi. International 

chickpea screening nurseries of short- and medium-
du-ution, international chickpea cooperative trials of 
short- and medium-duration. F, and F, multilocation 
trials, promisingparental lines. segregating populations. 

and disease and h'licoverpa pod borer nurseries have 

been grown here for overa decade. W at IC R SAT are 

very happy that BARI scientists have released achickpea 
cultivar Nabin (S- 1. ICCL 91248) recently (Rahniali et 

1I990t). They have also identified anumber of other 
lines as promising in their niLltilocation trials. One or 
niore oft he,.e may be released in the near fluture. Two 

kabuli lines, ICCL 83017 and 8301 ),, with large at
tractive seeds have also tone %ell in these trials (Islam 
ct al . 19t).) 1lopeull y tile first kabuli cuti ar in this 
country may be available soon. 

Sptcial f4ii ilitie's 

Rapid generation advancement. Chickpea is a 
iquantitatively long-day plant. We have developed 

capacity for rapid generation turnover by providing in 
estra 4 h of light to advance tile gros th cycle (Selii et 

al. 19811. Physioloicall.\ymatu re seedcan be harvested 
within 75 day;. Protection agailst rain uiider polvihene 
tunnels has made it poss ible to griw 3-4 esperiienial 
crops ayear. Special crosses made for Bangladesh are 

being ad\ anced in ftis ma nne, to speed the breeding 
process. 

Wide crosses and iotechnology. A number tf wild 
species of chickpoea are available in tile Genetic Re

iources Unit at ICRISAT. These ha:e wie fulI charac
teristics. Only one,,ihIspecies.i.il uhonu hasbeeni 

sUCCCssfully crossed with cuhiated chickpea. We 
have t cloe collaboration with organizations working 
ol these aspects, \ ho have an i terest in t lie iechan i,ms 
oifpod-borcr resistance and k%ide li\sridiitation. When 
some progross is iiade. for iwstance, i the traisIer of 

fit genes, such iiterial cal be inade readily available 
to tile cooperators in Bangladesh. 

iisant itoh'rani ttobtui strisse 

Fusarium wilt. ICR ISAT has developed good field 

and laboratory screening facilitics for iusarium wit. 
Five races of this pathogen have been identified (Haware 

and Nene 1982). Many of the lines found resistant at 
ICRISAT Center !-re also resistant in Bangladesh (Is

lain et al. 1990). Genetic studies indicate fle operation 
of at I'ast three genes which impart partial resistance toi 

race I. 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 crosscd 
to adapted types including ones from Bangladesh. 
Resistant segreants are available for agronomic 
evaluatioin. 

Hot rytis gray mold. Iligh level of resistance to this 
disease has not been obtained in Ot available 
gerinplasm. Enhancement of resistance thiough mntll
tiple crosses along tolerant lines such as I('C 1I0t09, 
NEC 138-2. IC'C 4(74, and IC 8383 is eing attentipted. 

A growtlh ron that call
i handle 4ff(f0) eedliwns every 
ionth, round the ,ear is no .inoratii at ICRISAT 


('enter. l'art ofthis facilit is a\ilable for botirti,, gra\ 

Illod cielillg. In le iCaniitiilnt. (.iss
f hOl';ii 

hlili+'s tid adalIte citti\ 
 r,hasc t-e,creened ai the 

(.lB.t'ai ins eritn of,-\ricuhure and lechiiioog, at 

l'littaar.lIndia. iII tIlailadestI. and in Nepal. Proii-

isi l it2sIl1, beesllet
hat\ ,uhSbs,'uctl\ to 

lltaLadth. Rc:t'l a sereuatit frontitacross (f 
ut'is at ~iaiiiianth and K 85ff, and a line lICl. S6237 

has e sto\s nIluch p Thieil'.[ti ntrial tal be sent 
lor teugi nWeIangtadcsth. hope strengthen 
facilities, foboir.\sisc',-reciiii illindiaand lBailitadetll. 

)tter diseases. St retiinim hith\rloolft it rot is done iii 

thnluiilplefisease sick lt.there light.\ i"rce'ptHible 

hn,,art' t'linliiiatted. Labortullr\ sceiitn2 i-tocdLulC 
i,a ailable for drx root rot aunit is b. deelo,'peld for 
collar rot. Field-,creeninig laciliic,, agains chickpea 
situt are as ailablt at the I(RISAT ,tatioln illI isar. 

IIEliCt) i'crpa pi1(1 rer. St '\eraIsinrettlrc'sofresilnce 
halt' b'etn identified itICRISAT for this iiecti pest 
MshIch allacks at bilh tai atitl 'nd. rCprotictisl 
stagt's. Stcrt'2lilL iaterial, froiit cros,,es intolvin-
It' saiiit,, soutrc's of rt'sitalncte rct'scttied in 
tuiisplart'le iCl'd atd alo tillt'rscrt.ied tact'.ere 
lrsac are relea,,ed. lice re nifdicalioll, isthatthe 
ic"i',ia Ci' i \ i t-'ed bs addllise aC'it's,[illt tIeIat 
r ttllilccto potd tl. is,[linked to ,uscelbilt ii 
fuusiriniiu s. ll ICRIS.VI 1us4. p. 128j. rhrotulh 
bteftlic.cointin ICrstIancet'i the isiblotuclitresst's 

is,+ iniabl.~ Iin('('1,ffl2 ait I('('X
been des\ t'hpeu. 
7 f112f- I - I -II-tll. Fiforis arte als) utindcrssa\ for 

to terminal drought stress. There are indications 
(ICRISAT 1989, p.6() that ICC 4958 is more drought 
resistant than other lines because of its root length and 
volume. At present F, generation cros..es vith high
yielding cultivars are being screened f:)rtht- character. 
We are also screening gernipLasi liics for hei ability 
to emerge with limited soil moisture. 

I)evelopment of extra short-duration cultivars. 
El'trs to look for more deternitate chickpea lines are 
underway. We have bred cultivars which mature in 
about 85 davs at ICRISAT Center. These have shoks in 
rapid vegetative grow'th and earlier maturity than 
.00%entional Cuhtivars. In addition these iav as olid the 
illeffects of early rains ol nmaturiig ciop that canl 

i it accdl~l t-e wed of this crop. These are being tested in 
ice falhto, s. This developmnen! can help intriduce
 

chicklea iat postra.)y-season cropaitraman rain 
-

season) rice ilt IfiBartnd tract. \where late so\ ing is a
 
nces,,it\, l)oihlecropping in tlietraditioial chlickpea
gtoss ing areas. may also be possible if loistiire callbe 
ensured for the s icondcrop. IPreliniiiarv reports froitil 
India. itiopia, and Burnia indicate that the extra 

stori-IUtii0 clitiisar,, escape ent-sason doitho 
anid 1tlic (lit' a\ailable "oil sititlr,ii their advIan
tage b\ gros ing quickly in earll\ ,,aTet,. These c\tra 
short-(iurllioll I\pe"itis therefore. be stilable inshort 
rotation,, sifil rice. T h.e cultisars also a,,pear to 
tolerate rt'lali\el,\high iLniperaitres bett,.r than lite 
Iraditional colilsar,, We hastsUcesllls) crow\\n tMso 
crops of IC'V 2 at IC(R ISAT ('enter het e October 
and March \itI irriatiti. SUtiCh abeciisars iniv 

t,uitable forcutivuiuiti in Harusal. atuakhali. Noakhali, 
and ('hittagonig region., s\here chickpea has iot beein 
ctsi\atcd carlier. 

Ailltert-'helonit'nl is tileratile to relatively colil 
conditiotns. Traditiontal thickpea cuftivars dt not set 

iLttthiillchlcstitiortlhsiiiiiorths.enlBangladesh. 

In,,tead tht' produl.t' excessi\ e vegeta ise growtlI. At 
I'RISAT a i!.ilb'erof lines buse been identified and 
sc.rCLatilez populatiotis developed which set pods in 
relatiselv cold telperatures ICRISAT 198(1 p. 125). 
Slic of these lines also fl\ser and mtilure early. In 
future, ct'ultisars miav be availal-e which should allow 

"tierinplasti etnhancemntilit ir plt1 brt'r rt'sistance. late sios'ing and early hlirves tfthick pea in this courtpo 

Ir\.
 

Training, Seminars, and Information Exchange
Screening for drought resistance and ability to 
germinate under limiting moisture. Increased Bangladesh Agricultural Research Council (BARC)
\A.lutne land length of roots appear to ilpart resistance and ICRISATsigned amemorandum of understanding 
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in 1988 for collaborative research on chckpea. 
pigeonpea (Cajanus cajan (L.) Millsp), and grcundnut 
tArachishypogaeaL.). Reguhrmeetingsatil,RISAT 
or in other countries arc held where chickpea scien'.sts 
can discuss their resea.ch wyork. make st-tcctions 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 cha-ar.teri:. environments 
forthefiircz ICRISATlegu,-)e,.ropsinAsiancountries. 
ICRISAT alo has research felowships leading to 
degrees and post-doctoral fellowship. in which 
Bangladesh scientists also participate. 

Looking Ahead 

In collaboration with puke scientists tii Bangladesh. 
ICRISAT will assist in the follow ing activites: 

1. 	 Development ofshorl -duration rn ltp e-dIsease 
resistant chickp.X cultIars suitable for rice-
hi sed cropping ,,,stets. 

2. 	 Introduction o' .argc-scale chickpea cltshII tit 
after rice iIIt1he lbodplain areas, parts ot which 
presently retnit hllos . 

3. 	 Development ito higher levels of re.i tance to 
botrytis rrz1mld artld poJ horei through 
germplasm :ahaiceint.and creation of large-
scale fiel J :a foiIties ai Ishurdi.for screenin' 

men tat1 

for screcr.nig to iristalce todrv rotr rot. collar 
rot and i hickpea itunt at Ishurdi. 

4. Autig (it tie!d and laborator, facilities 

5. 	 Extension (f chickpea cnItivali(n to otherareas 
of Bangladesh . liere this crop is not tradition-
ally rossn. 

6. 	 Breeding for drought tolerance and ability to 
emerge under im-ited moistu:e. 

7. 	 Creation and 'trengmhenitg of facilities for large
scale muhiplication of chickpea seed in 
Banglade, Ii. 

8. 	 Researclh on consumeracceptance anddevelop-
mit ofcultivars ofkabuli types and those with 
relatively larger seed size. 

9. 	 Development of cultivars responsive to high 
management for irrigated conditions. 

10. 	 Provide training oppotunitics in variousaspects 
of chickpea imnprovement. 
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Discussion 

A. Sarke,': From ICRISAT's information we know 
thatJG74isresistanttowilt. Butduring1986/87,atthe 
Joydebpur fann, we found the line was susceptible to 
wilt. I think ICRISAT's resistant lines may not perform 
well in our condition. 

J. Kumar: There are several races i fusariurii wilt of 
chickpea. JG 74 is resistant to race 1. It was also 
resistont at RA1S. Ishurdi and has been used in crosses 
',Ait' e clIti, ars of Bang ladeVsh .sorri NiMany of its seg
regants nave bcen selected through the ssilt-sick plot at 
Ishurdi and are resistant. I do not knom, whether 
Jo. debpur has a difierent race or there are other root 
pathoge nscanslig nioralit,. 

M.M Rahman: Participation of entomologists from 
ICRISAT 	 in BARI's program is always neglected, 

iv 

J. Kumar: In the mid 1980s von had ajoint pheromone 
trap network. You may initiate a comnion program 
with ICR ISAT enioiologists. 

A.A. Miah: You have said that at ICRISAT chickpeas 
can be gro\%i \%ell tom ')c ober to January. What 
about the yield potential at different months? We are 
searching for chickpea varieties having late-sowing 
potential with high vield. Do i-uthink those varieties 
of ICRISAT would be useful for :his purpose? 

I. Kumar: If proper plant stands are established in 
tainfed situatitn, or %%preso%ing irrigation, yieldsith 
of up toI..5t ha ' can liehars ested frorn the October
sown crop. Mean yields in Andhra Pradesh are less 
than 1).3 1ha '. The January-sm%ni crop requires irriga
lion as th,.. teiiperaturcs rise fast. These cultivars will 
have to be tried inBangladesh conditions. Your 
postrainy season is much cooler than that at ICRISAT 
Center: this unay resuit i hi:her productivity. 

S.K. Roy: La-k of flowering and pod set in chickpea 
could be due more to environmental than soil factors. 
Please comment on it. 

9!, 

http:resea.ch


J. Kumar: Relatively high humidity and cloudy 
weather durui-g reproductive phase prevents effective 
pod set inchickpeas. If soils lack micronutrients and 
there is relatively high hmidity there can be reduced 
pod setting as well. Botrytis gray mold which may 
occur in damp wan weather also attacks young veg-
etative and reproductive parts leading to lower fruiting. 

M.S. Hoque: 1.You have shown tilepossibility of 
growing chickpea in rice fields without opening the 
land. Was it done by dibbling orby broadcasting? How 
much yield was obtained? 
2. Can you please tell Is whether the fariers use 
Rhi:oiumitioc uI antsetensi eIy'forgroingchickpea 
InIndia. If they use inoculants. then how are these 

dhstrilbutcd to the farners? 

,I.Kumar: 1.Yes. Both possibilitie,, exist. I sa~a 
dibbled crop at Jamalpur lastMaich. They may have 

harvested more than It ha '.lha'. calso seen some good 
fields where chickpea .,,ael "lcropped in paddy in 
eastern India. Cultivar J( 74 does \%ell under these 
condtlionsm.
 

2. Some farmers use rhi,obia itoculan.ut, but not as a 

routine, 

M. A. Sattar: Inour country ,..c
Let very good re-


sponse of pulses to Rhi:o0ho iioculat oins i almost 
all the areas including Ishurdi anid Jessore. Yield 
increase in farmers" fields sas tire than 55"( due to 
inoculations. You ima hake %%atclied sime slides 
show iin our presentation scste rdas,. l)o sou think this 
lok -cost technology could not be profitable in future 
as ICRISAT isdiscouraging inoculatt use due to their 
nonresponse ii sonic parts of India? 

J. Kumar: I am glad to hear of your successes. During 
my tours in India. Bangladesh. and other countries. I 
have not observed spectacular increases inyield because 
of'nodulation. masbe native rhi/obia already exist. At 
ICRISATmicrobiological work was revie.edacouple 
of years back. and emphasis on this research has been 
scaled down because tile seeadministration did not 
much pay-off in this area of research. 

M.O. Islam: You mentioned a variety which can be 
grown twice in a single cropping season at ICRISAT 
Center. Is this variety thertnoinsensitive? 

J.Kumar: Yes we have grown ICCV 2twice between 
October and March at ICRISAT Center. There was no 
problem with its growth during this period. However, 

temperaturevariationsinsouthernlndiaarenotextreme. 
We have not done precise studies on its temperature 
tolerance. 
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Integrated Control of Pulse Diseases' 
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Abstract 

In pulse crops. in recent 'ears considerable progress has been ,made in the identification of resistance 
sources and in breeding high-yielding cultivars resistant to some oftiemajor diseases. Progresshas also 
been made in the identification of broad-based and nuiltiple-disease resistance sources. However, work 
on the integrated control ofdiseases utilizing host-plant resistance combined with other control practices 
has been ver 'limited and needsltobestrengtlened. To achieve a breakthrough inthemanagement ofpulse 
diseases, work on multiple-diseasecontrol and integration of disease control measures with varietal 
improvement and agronomic practices leading to an integrated crop-nanagement system is essential. 

Introduction 

As I have not visited Bangladesh earlier, my knowledge 
of Bangladesh pulse crops and their diseases is based 
only upon the tour reports of ny ICRISAT colleagues 
who visiled your country and oilthe book on pulses in 
Bangladesh by Gowda and Kaul I InIhis paper(9821. 
I will alien ptto review the progress oti control of 
diseases with special re Ierence to hosl-plant resistance 
in pulse crops important to Bangladesh. The need for 
work on multiple-disease control and integrated man-
agement, and directions for fu1ture are broughtwork 
OUt. Forcrops other lhal chickpea (CicerarietitoonL.) 
and pigeonpea (Cajianusc.jan ( L. )Millsp.). I have had 
to depend oii tie reports of tile rainy and postrainy 
Pulses Workshops of the All India Coordinated Pulses 
Improvement Project (AICPIP) (ICAR 1988). For 
pigeonpea and chickpea, the results of evaluation of 
germplasm and breeding materials for resistance to 
major diseases at ICRISAT Center and in 
multilocational trials are summarized. It is hoped that 
lines that have shown resistance in India and elsewhere 
will be of use to Bangladesh. 

iligeonpea 

The crop is currently not important in Bangladesh. If 
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 
idenlification of' resistance sources and cultivars re
sistant touisariurn will and sierility mosaic (SMN.the 
two most inporant diseases of the crop in India. Lines 
resistant to both thesec diseases have been bred in the 
short- le.g. ICPL 8324), medium-ic.g. ICI 2 1.and 
long-duration (e.g. ICPL9174) pigeonpea types (Reddy 
1987). Lines with broad-based resishince to wilt and 

SM are also available. Lines that have shown resistance 
to wilI in inultilocational evaluations in Ihdia are ICP 
4769. ICP 7118. ICP 7182. ICP 8863, ICIP 9168. ICP 
10958. and ICP 11299, For SNI, tilelines ICP 7867. 
ICP 1(1976, ICP 1(977, ICP 10983. and ICPI 11146 
have shown resistance at all lielocations in India. For 
Phytophthora blight (PB), the third important disease 
oflthecropin India. lines with high aiidstalileresistance 
are not yet available, but lines such as KPBR 80-1-4, 
KPB 8-2-1, and ICP 113-4 with ficld tolerance to the 

1.ICRISAT Conference Paper no. 530. 

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 Institute forCrops Research 
the Semi-Arid Tropics. 
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disease have been identified. Seed dressing with resistance and such cultural practices as crop rotations 
Ridontil or Aleitte (0.317 ) lollowed by two loliar and intercropping is desirable. 
sprays at 15-day intervals after sowing have resulted in 
asignificant reduction in disease incidence and have 
increased yields. There isscope for integration of host- Chickpea 
plant tolerance and use tf fingicide for the management 
of P,.Choosing fiels with good drainage and avoiding Much progress has been made in the identification of 
low lying ones. helps further. Management practices resistance sources, and lines have been bred that are 
lbrcollar rot (So10hrtiolI 01Iii) need to be worked out. reistant to Iusariurn wilt and tolerant to dry root rot 
Seed dressing ith Rizolex (0.3' ) showed good%% (e.g. ICCC 32. ICCC 37) and resistant to wilt and field 
pronise'in laboiatoj' tests. Toconsolidate the progress resistant to stunt (e.g. ICC 10466) (Reddy 1987).
made on wilt and SM resistance. developmenmt of Lines witlh broad-based resistance to wilt and tolerant 
in leg rated - nmanagemen t practices i nvo lvi inghost-pl ant io root rots are also available (rable I ). Lines tolerant 

'Fable I.Chickpea lines with broad-based resistance to wilt and root-rots identified through the International Chickpea 
Root Rot and Wilt Nursery (ICRRWNf. 

Reaction of line 
ICC ICC ICC ICC ICC ICC 

Location 2862 9023 9132 10803 I1550 11551 

Bangladesh-Joydebpur S' S S RR R 
Ethiopia-Debrezeit R S R R R R 
India 

Berhanpore S S S S R S 
t)ahod R R R R R S 
l)ell R R S S R R 
)hul R R R R R R 
Durgapur R R S R R R 
Fai/,ahad S R R S S S 
Gurdaspur S R S S S S 
Hisar R R R R S S 
Jabalpur R R R RS R 
Kanpur S R R S R R 
Ludhiana S R R RR 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 II 12 12 II II 12 

I.S= >1017rorality 
2.R =51017 monality 
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to ascochyta blight (AB) in the vegetative stage are Table 2. List of disease-resistant varieties of different 
available (e.g. 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 botryti.; gray mold ( is inIGM) the preliminary 
stage. Lines having some tolerance in tihe vegetative 
stage under fielh conditiots at Ralnpur in Nepal have 
been identified (ICCC 4. ICC 9133, ICC 2664, ICCL 
86237. ICCL 83149. ICCL 86326. iCC 3075, 1usa 
256. ICC 6827, ICCL 86242. ICC 1931. ICCV 5, ICC 

2550, ICCL 83128. ICC I io9. ICCV II. ICC 3208, 

ICC 1894, ICC 11223. ICCI 86226. Pant G 114. ICC 

3630. D 1Inush. ICC 3099. ICC 2 " 95, (C 11324. 

ICCL 11324. ICCL 86332. ICCL 86215, I('(l. 86332. 

ICC 41)5, ICC It) I8, ICCI. 85409). Further studies are 

needed lo determine their reactions utnder arliflicial 
inoculation conditions in tile rcprodc ie ',lae.ant ill 
different locations. It appears, that it is difficult to fttdGNG 
higher levels of resishita. to A13 attd HlNI in available 
chickpea geriplasr. Enphasis ,iouldilterefore he ot:I 
the inelgrated tmtanalgemnitt of these teases. Use ofC7 

tolerant cultivars Wii t comrpact atd erect canlop,, ,,\n 

riot too close igether cat lie useful. Early soviig and 

escessive irrigation tneed toibe avoided: Application of 


oile oir 1%%r
ofungicidal spra\ s in the repru ducti 'estaBe 
Wt!'.Bra\ olit Ali and Roitilai Itir BHiM ) shotild alst 

be very helpful itn the ianageien (it these diseases. 
Beiter riatageinenil practice, for coIliar rot. ssel. alld 
black rotil its are neeted. Vcr litle variation ill 
reaclion ti ,:tllar lo as bite trhser ed in litied 
screcning 'fgernplatt at IC'RISAT. Rizle\.MY3 I 
,vas found as effective a wed dressing fungicide for 
chickpea as it ,.;is fbr pigeonpea. 

Otier Pulse,-

Disease-resistani varities of black grat ('igtn ra-

Iliala Fepper). fieldpea (Pistm .alivti subsp.(L.) 

atvense ). lentil (Lens t olotnari.s L. ) Medic.), and inung 

bean I ig#ta raitola (L.) Wilc/ek ) released in India are 
listed it, Table 2. Lines of fieldpea. lentil. pigeonpea, 
and chick pea with multiple disease resistance are 
listed in Table 3 (Nene 19881. Testing of these lines 
under B angladesh conditiots tmav be useful. 

Integrated Control 

In recent years, good progress has been nade in the 
identification of resistance sources and breeding of 

high-vielding pulse cultivars resistant to some of the 

pulse crops released in India (ICAR 1988). 
Crop 	 Varities 

P'geonpea 	 NP(WR) 15 

BDN I 
BDN 2 
Mlukta 
Sharda
C It 

tahar 

W.B.2105) 
Hy 3C 
Maruthi(ICP 8863) 

Chickpea 	 Gaurav (Ht75-33) 

Pusa 212 

G 315 
If 355 
C 235 

146 

(; 543 

ICCC 32(Kabulii 

IG 261 

Phule G 5 

,l(;2415 

\vrtlli 

llac r 	 Pant U 0IPant IU3(l 
UG 218 

Co 4 

ADTI3 

tItG 

leldpea Rachna 

DMR n 
Pant PS 

Lentil 	 Pant L 4)6 
Pant L 6 39Pl. /7-2 

Mung bean 	 Pant Mung I 

Pant Mung 2 

Pant Mung 3 

ML 131 

Co 4 

ML 5 

Mil. 267 
ML 337 
Pusa 105 

Sabarmaii 

Diseases resistant to 

Wilt
 

Wilt
 
Wilt
 
Wilt (tolerant)
 
Wilt (tolerant)
Wilt 

Sterility mosaic 

Altemaria leaf blight 

Sterility mosaic 
Wilt 

Asctchyta blight (tolerant)
 

Wilt
 

Will, root rot
 
Ascohyta blight (tolerant)
 
Ascwchyta blight (tolerant)
Wilt
 

'Vill 

Wil 

Ascochyta blight{tolerato
 
Wilt tolerant ) 

Will 

Wilt 

Yellow mosaicYellow tnosaic 
Yellow tosaic 

Powdery mildew 

Ieafcrinkle 

Powdery mildew 

Powdery, ttildew 

Powdery mildew 

Powdery mildew 

Rust 
Rust 
Wilt 

Macrophomina blight, 

Yellow mosaic 
Yellow mosaic 

Yellow mosaic 

Macrophomina blight 

Yellow mosaic 

Tip blight, 
Powdery mildew, root rot 
Yellow mosaic 

Yellow rrosaic 
Yellow mosaic 
Macrophomina blight 

Powdery mildew (tolerant) 
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Table 3. Some lines of pulse crops with multiple disease majordiseases. However, infornation on the integrated 
resistance. 

Crop 	 Diseases 

Pigeonpea 	 Wilt, SM' 

Wilt, SM, PB 
Wilt, SM, AB 

Rust, leaf spots 

Chickpea 	 Wilt. dry root rot 
black root rot 

Wilt, AB, BGM 

Wilt, dry root rot 
stunt 

Wilt, Sclerotinia 
stem rot 

Fieldpea 	 Brown blotch, 
root kaot 

Bacterial blight, 
Colletorichum sp 

Powdery mildew, 
rust 

Wilt, root knot, 
anthracrose, rust. 
cercospora leaf 
spot, bacterial 
pustule, bacterial 
blight. cowypea 
bandg mosaic. 
CPMV. southern 
bean mosaic 

Lentil 	 Wilt, nst 

Variety 

ICP 7198, 8)24. 8860. 
8861,8862,9142, 109()2, 
PR 5149, ICPL 227 

ICP, 1302, ICP 11303, 
11304 ICP 8861, 8862, 

10960 

64-16A 

ICC 12237 to 12269 

ICC 1069 

ICC 10466 

ICC 858. 959.4918. 
8933, 9001 

VITA I 

VITA 4 

JP. DP I 

Iron 

LP 12. Bombay 18, 
Pant L 406, GL 534. GL 
535, CP 212 

t. SM =Sterility mosaic: PB = Phytophtihora blight: ALB - Alter-
narablight: AB = Asochyta blight: BGM =Botrytis gray mold. 

use of resistance and other methods of control is 
limited. Moreover, work on control of several diseases 
occurring together is meagre. This line of work is very 

important if we are to achieve any breakthrough in the 
management of pulse disease-; because it is common 
for more than one major disease to affect these crops at 
the sane time (e.g. ascochyta blight aid 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 example, while higher 
plant stand reduces stunt disease, it can increase the 

problem of 1GM in chickpea (Table 4). For all the 
legurnes seed dressing with fungicides is necessary as 
diseases that affect seeds and seedlings can drastically 

reduce plant tands. 

Integrated Crop Management 

Another problem in the management of pulse diseases 
is that many of the olitllm agronomic praclices for 

high yield can favor disease buildup. For example, in 
the case of chickpea (Table 4). early sowing and 
irrigalion which are rccoincnded for obtaining higher 
yields, fIvor ascochyla blight and botrytis gray mold 
buildup by inducing heavy vegetative growth. Also, 
high-yielding cultivars of' the spreading type favor 
these diseases more than tile tall and erect types which 

have lower yield potential. Hence it is essential to 
integrate varietal improvement. agronomic practices, 
and disease management aspects for developing prac
tical discase-nanagencnt systems. 

Discussion 

M. Maliur Rahman: The root-rot resistant materials 

of ICRISAT do not show resistance at Ishurdi. But 

some of ihe wilt-resistant lines show resistance. Should 
we release the wilt-resistant lines which lack root-rot 
resistance? 

M.V. Reddy: The lines frot ICRISAT are resistant to 

fusarium wilt and tolLranl to dry root rot (Rhizot'onia
halatitol). They may not have same level of resis
tanat ola Thr o othav s amel o r tey__________________________________________lan___e__to__collar___rot__(Stanctoiolla rot(Sc crii)om o blaic).blacoroorro 

(Fusariotnsolani), and wet root rot (Rhizocloniasolani), 
Any line showing better perfoniance against wilt and/ 
or root rot 	 fungi than the check cultivars should be 

considered for release. 
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Table 4. Gaps in knowledge on Integrated management of chickpea diseases. 

Dry 
root 


Operation Wilt rot 


Crop rotation 	 6 years -

Variety 	 ICCV 2 ICCV 2 

ICCV 5 ICCV 5 

ICCV 32 ICCV 32 


Maturity of Early 

variety
 

Land 
preparation 

Seed Dressing 	 Benlate IThiram 

(0.15%) (3g ha') 


Sowing date 	 Normal- Early' 

Late Late 


Foliar sprays 

Irrigation 	 More More 

t. No information available. 
2.Based on observations, experimental evidence lackit: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 
Fusariun. The effects of flooding on chickpea arid 
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 uccurs. 

Mahaoubur Rahman: At ICRISAT, pathologists 
and entomologists have developed combined nursery 

Collar Ascochyta Botrytis 
rot Stunt blight gray mold 

- - 1 year 

ICCV 5 Gaurav2 ICCV 52 
ICCV 32 BG 2672 

ICCV 322 

Early' Early2 

Free of Destroy 
undecom diseased 
posed debris 
Organic 
Matter 

Thiram Thiaben- Bavistin 
(3g kg'1) dazole I IMTD 

Normal- Normal- Not Not 
Late excessive excessive 

Insec- Daconil Ronilan 
ticide (3g kg') (3g kg') 
sprays after after 
if nec- each rain each rain 
essary. 

Less Less Less 

for wilt and thliothis resistance screening of chickpea. 
Could the same program and facilities be extended to 
BARIs program? 

M.V. Reddy: A limited amount ofmaterials ofchickpea 
and pigeonpea from BARI can be evaluated at ICRISAT 
and the results will be provided. 

It.U. Ahmed: As Fusarium and Sclkrotium are soil
borne 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 
molddoesnotoccurseriouslyeveryyearinthiscountry. 

219 



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 acontrol measure. 
3.Temperatures around 25"C and high humidity favor 
gray mold. 

M.A. Bakr: I understand work on resistance screen
ing against downy mildew of millets is done at 
ICRISAT. Do you think that procedure will be equally 
applicablc incase ofresistance screening against downy 
mildew of khesari (Lathvrus 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
 
India1
 

P.N. Bahl 
Indian Council of Agricultural Research, New Delhi, 110001, India. 

Abstract 

Pulses are complementary to cereals in terms ofpattern andprofile ofamino acids.That wouldprobably 

explain the adoption of dhal-roti or dhal-bhat as the staple food in the diet of the people of Indian 

subcontinent. When India wav faced with massive food shortages in the 1960s, it took some boldpolicy 

decisions to change the outlook oftraditional agriculture. In pursuance ofthis policy,India has developed 

a massive research and development infrastructure during the last 25 years. Infact, 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 ofhigh-yielding 

varieties ofmostpulse crops have been developed. But production ofpulses still hovered around 12 million 

tfor many years. However, the 1988189 production is estimated to be 15.4 million t. A critical analysis 

ofproduction gaps showed that there are large differences in yields recorded at researchfarms and those 

obtained at farmers' fields. Evidently, advantage of improved varieties and improved agricultural 

practices have not been transferred to the farming communit'. To achieve these results, India has 

launched the National Pulses Development Project on a massive scale to extend the high-yield technology 

in 28 potential districtsforchickpea (Cicer arietinum L.) and20forpigeonpea (Cajanus cajan (L.) Millsp.). 

During the 19 90s, India vt illfurther strengthen thepulses research improvement work by esablishing an 

independent pulses research institute with emphasis on multidisciplinary approach, which will help to 

meet our p,-oduction targetsfor 2000 AD. 

Discussion 

M. P. Bharati: India has generated considerable im-

proved pulse-production technology including high

yielding varieties (HYVs). However, the yield gap has 

stillremainedlargeandthismayberelatedtocoverage 
of pulse area with high-yielding varieties. What is the 

estimate of coverage by HYVs? 

P. N. Bahl: The yield gaps you are referring to are due 

to various factors including lack of spread of HYVs. I 

think concerted efforts have to be made to popularize 

the newly evolved HYVs and to transfer the improved 

agricultural technologies to bridge the yield gaps. I 

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). Do you 

have synchronous varieties of black gram? 

P. N. Bahl: At present we do riot 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 ki Bang!adesh: proceedings of the Seccnd 

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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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 two crops 
during summer? 

P. N. Bahl: By virtue of its early duration, mung bean 
provides an excellent choice as a catch crop in several 
niches both under rainfed and irrigated situations. It has 
shown promise in rice 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 rice bunds. theon During 
summer season, mung bean mean yields ranged fr,, 
600 to 1000 kg ha'. 

M. M. Rahman: Are you not breeding for resistance 
to any diseases of khesari (Lathyrus sativus L.)? 

P. N. Bahl: Yes, we try to breed varieties resistant to 
rust and powdery mildew. However, the priority area is 
to breed varieties with low BOAA content. 
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Status of Pulses Resezirch and Future Strategies in Nepal
 

M. P. Bharati 
National Grain Legumes Improvement Program G.P.O. Box 404, Khmaltar, Kathmandu, Nepal 

Abstract 

Pulses are very important crops in Nepal it; terms of their contribution to human and animal nutrition, 
a' components of ipodigenous cropping systems, and restorers ofsoilfertility. They rank fourth in area 
and production. Direrse agroclimaticconditions ranging from warm subtropical to temperate allow 
Nepal to grow mary pulse crops. Yields of these c;)pshave remined low due to several production 
constraints. Re'earch on pulses has been limited and unorganized in the past and eff.1ts to deveiUp 
i'rprovedproduction technologies have been recent. Research in the past concentrated mainl%ot, varietal 
improvement. The National C:'rin Legumnes Improvement Program (NGLIP) was established in ;985 to 
coordinate pul.%es researc t nationally in an orgnizecd and systematic way. Afew improved varieties of 
some crops have been recommended and some more have been identified. Some managcmnent practices 
for higher productivity have also been tecommenaed. More significantly, major biotic and abiotic 
production constraints have been identifiedfri',m past research. Therefore,future research strategies have 
been developed in order to overcome the identified constraints which include strengthening institutional 
capacit3 , development of improved varieties and area-specific production technologies with the overall 
objec ;ive of increa.,ing pulse.; production in the country. 

Introduction 

Pulsesorgrain legumes including soybean (Glycinemiax 
IL.) Merr.) occupy avery important place in the Nepalese 
agricultural system. They meet the bul of the protein 
requirement for the majority of the human and animal 
population and restore to a grc-it 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 area and produc
tion among the major food crops grown in Nepal. The 
maj:r pulse crops are lentil (Lens culinaris Medic.), 
k,'e ;ari (Lathvrussativus L. ,chickpea (Cicerarietinum 
L.). pigeonpea (Cajauis cajan(L.) Millsp.), mung bean 
(1ignaradiata(L.) Wilczek ,black gram I'igna mungo 
(L.) Hepper), horse gram (Macrotvloma uniforum 
(Lam.) Verdc.), and cowpea d igna unguiculata (L.) 
Walp.). The area, production, and productivity of these 
crops for the past 3years have shown an upward trend 

Citation: BARI (Bangladesh Agricultural Research Institute). 1991. 

(Table I). 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
tud s 27"and 30"N and longitudes 80" and 86(E with 
varying climates and topography ranging from the 
11.-mid subtropical lowlands to alpine elevations above 
4000 m. The annual precipitation ranges from 1000mm 
to more than 50() 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 augmentation to the National Commodity Program, 
limited research on some food legume crops was being 

Advances in Pulses Research in Bangladesh: proceedings of the Second 
National Workshop on Pulses, 6-8Jun 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 t) Productivity (kg ha')
 

Crop 1985/86 1986/87 1987/88 1985/86 

Lentil 103.2 107.3 112.8 61.2 
Khesari 53.3 53.9 44.0 28.1 
Chickpea 29.4 31.1 29.6 18.1 
Soybean 13.2 15.9 18.7 7.6 
Black gram 13.6 15.4 18.3 6.6 
Horse gram 12.3 12.1 10.3 7.0 
Pigeonpea 16.0 17.4 18.5 12.1 
Others 25.0 25.5 12.2 12.8 

Total 253.6 262.9 264.5 146.1 

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-I 989/90) and in the Basic Need Program 
from HMG/N, and the support has now been increased, 
In additior, io ihis,NGLIP has been receiving help from 
the international Development Research Centre 
(IDRC). Winrock International/ Agricultural Re-
search and Production Project (W!/ARPP), USAID-
Nepal. More recently, ICRISAT's AsianGrain 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), Intemational 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 
some important advances in the pulses improvement 
technologies in Nepal. These achievements are sum-
marized below. 

1986/87 1987/88 1985/86 1986/87 1987/88 

73.1 
28.9 
21.1 
9.2 
9.0 
6.6 
13.4 
13.5 

63.1 
19.5 
15.6 
10.1 
10.3 
5.0 
9.1 
6.5 

593 
527 

619 
576 
485 
569 
758 
500 

682 
536 
679 
578 
584 
545 
764 
529 

56 
443 
527 
540 
562 
485 
492 
532 

166.1 139.4 576 631 527 

Gernplasm collection, characterization and 
preservation 

NGLIP isgiving increasing priority to this activity. So 
far, there has been systematic collection made on 
pigeonpea (225), chickpea (250). and khesari (88). The 
other food legutne species have not 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 gerniplasm. We plan to publish a 
,mall catalogue. 

Varietal improvement 

As a result 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 
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Identified 
Cowpea IT 82 D889, IITA and The 

IT 82 D 752, Philippines 
All-season 

Pigconpea ICPI. 366. R;:mpur ICRISAT. local 
Locdl 

Lentil LG 7. Itl. 4404 India. ICARDA 
Chickpea ICCL 82 I0S. K 850 ICRISAT, India 

Khesari remains an important legume crop. I-
provement work has been initiated throngh collection 
of local geriplasm and it rod oct ion oflow -neuroloxit 
lines front Canada. followed 1 eva lIat ion and oeoCC-
tion. NGCLI P has becomela nemberot'lhe Coordittg 
Coininitlee of the Intermational Network for the Im-
i)roelent fliLathyrns and theEradicatilnotfLathyrism
(INlISFI). 

I)i aa.s.dl/lndP'sts 

The fol lowing pests atl diseases 1tave been Iund to be 
most daitaging to legume crops: 

Crops Pests )iseases 

I.Chits Nittaiodcs Wilt, rust. boir tis 
('us pea Thrips, icnalode atia blight, frog 

(ick pea Netttde, Botrerpod hote IOsts. V%ill 
|igeotpea Nematodes. pod borers Stertit\ imtosaic. 

hiitr,,tus. sti catiker 
NMuti bean/ Nenitodc,, hair\ Frog ec. yillo., 

Blai.k grati catirpill ar it"os Ir, 

Effective screening tcchnitiuCs have been devel-
oped and used for wilt tiscase in lentil and chickpea. 
for botrytis in chickpea, slerility-itosaic disease itt 
pigeotpea. and lor iietntttltes i vaniota crops. in 
cooperation w,.ilh ICRISAT. lit f:,ct a tuitmber o1 loc.'al 
lines have been identified as resist ant. Chemical con-
trol nethods have been developed for tematodes anid 
major insects. 

AlwlItae'n:t ;)l'i 'ti'eS 

Management practices like chemical weed control in 
summer legumes, date and ratio of relay cropping of 
lentil in paddy, intercropping ratio oflenti land chickpea 
with other winter crops, alley cropping of pigeonpea 
Ird other summer crops, have been developed and 

recommended. In addition, information on planting 
times and planting methods for other grain legumes has 
been generated. Successful inoculation methodologies 
for lentil iii 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 constraints 
at Rampur (Inner terai)and other hill arev' . 

Various sites of the Fanning Systems Research 
Division have been used to verify the grain-legume
technology. Feedback from these testing sites and 
farmers' fields hasenabled NGLIP to tailor its research 
technology to fanners' need;. 'he diiIribution of 
mn ikits has enabled a quick and large-scale dissemi
nation of proven technology.

NGLIP has deionstraled the good adapt:;lion arld 
high yield potential of leintil in the hills and valleys (up 
to 2000 i). Lentil is currently used in the production 
program ill the Iills. 

Future Strategies 

NGLIP will follow the_- following sirategies with the 

general objective of incicasing pulses production on a 
sustained basis. 

Institutional )evelopment 

The ntajor functions of research, outreach production, 
atnd training/ intoiation will be carried out from 
Ranpur, the headquarters fori'ciatand tromn Khunaltar, 
the hicatluarters for the hills. Presently, NGLIP is 
functioning tnder NARSC whic is directly under the 
Ministry of Agriculture. In the fututre. National Agri
cultural Research (ordination Committee (NARCC) 
and NARS C ar, expected to be merged together to 
h'rnt otte auotttous itistitt ot nMd NGLIP will op
crate directlV under the llv iinstitution. 

Linkage %N ResearchithIternatiotal AgricuItural 
Centers besides ICRISAT and ICARDA will be ex

plored and fonn: lized. Additional infrastructure will 
be completed at Rampur. 

Technical Program 

Development of improved varieties 

Development of improved varieties will continue to 
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remain a major acti'ity of 'GLIP. Emphasis will be 
given to the deselopntlerit of: 

* 	 bold-seeded and early lentil varieties, 
* 	 khesari varietic.s ii low n teUotox iii, 
* 	 adapied kabuli typs of chickpea. 
• 	 pigeonpea aic. of short and mediurn dura-

tiol', and 
a 	 stib Icand high- vielding \ arties of black grain, 

mun.., bean and ,:owpea trder rice-and maize-
basel c ropping pattern,, s ilabl. to diverse 
aeroclimatic conditions. 

Rc. i talt c to hroj ons tint 

Iybridization (mins ig local and exotic ite., to 
incorporate resistance to idread' identified diseases 
w% will be ci,.el to breed resisill be iniijaed. Priorir\ 
tance for: 

* 	 \ ill disease in lentil aid chickpea 
* 	 hor Us gra. mold in chi,kpea 

S 	 sterllir.-loSaic dl a e and stern canker in 

pigeonipea 
*e 	 \lo .m-aic ,iri.. dieasC in black gram and 

iUng beall. 
Pest coiitrol trou-l; the deselopmen 0! proper 

inarigeniiienlhods like escape iilchaiin rniiual 
contnol in carl, iritar ,tag, of hairy caterpillar inci-
deuce ilti HIlIIu bean and black 2raini. and .arietal 
seCrelnre hir re,,istance %%ill receise itoplost priority, 
It ca,,cs of control b pe,,licides a,, inithe case lf pod 
borer, in chickpea aid pigcripea. dillerenit pesticides 
ssiil be ,creoled to find out fie nilost ecilloi llical and 
etlectivc doses. 

seerilies of pest incidences hisC been found to 
vary across year'. Yearly cinionological surveys will 

e conduclted to ri"nd out ilhItrai ics of pest incidence 
and also to idneu!ilv tiew lis. 

Mtall,''ettl'utli'fnlic.%p 

Management studies will concentrate upon: 

* 	 method of land preparation and planting date 
studies on lentil in the hills: 

* 	 plant density and spacing studies oir shorl and 

medium-duraion pigeonpea planted as a 
postrainy-season crop in terai; 

* 	 management of perennial pigeonpea. including 

number ofprunings planted in the bunds of hills; 
s date and rate of seeding of lentil and chickpea in 

both terai and hills; 
a intercropping and alleycropping studies of vari

ous legumes with maiim and pigeonpea; 
* evaluation iritia'.ed to determine inoculation 

technology for i!cidic soils at Ram pur (including 
crop species, varieties. rhlzobia strains and 
rhizobial carriers) will continue. Special studies 
like Mo nutrilion, and strain survival underacidic 
soil conditions of'Rampur will also be undertaken: 
and 

* studies will be initiated in liiig, application of 
phospholrous, Zinc. and no!lybdenuin, and incor
piration of dilere it soure,, of organic matter. 

B;/ 	 hni,'ilal.%tudicN 

Nutritionall::. grari legunes ran', far better than cere

leunes, 
factors. Studies ,. ill be initiated in collaboration with 
the Central Food Resecarch Laboratory in the areas of 
dCteniiaiori ot.'artillUtritiinial l11.iirs and develop

als. Itoy ever. many al,,o contain aititiutritional 

meilof "itilc ielhd of*detixification. 

Seed lprIn t,1I 

N(iIlP \ ill be responsible for producing nucleus. 
br.cder,,' and soitc f.oundation seed of varieties that 
are ito be released. Foundation seed \kill also be pro
duced ott other farrns. Cerlified seed if released variet
ies \%ill be produced by the Agricultural Input Corpo
ration in farmers* field. 

On-IuMn iuork 

On-f iini repi, iiatld trials. often in coordination \kith 

the Farmig Sy sterns Research Division. will be 
conductel in the iajor agrocliniatic zones. Trials wkill 
address either the evaluation of ilnproved gerrnplasni. 

managernent practices. or both. Farmers are expected 
to participate :ictivels in this process Mich will en

liance the dessemination tif impro ied tehIiiology'. 

Transfer of technology, training, and publications 

Transfer of technology will be accomplished in col
laboration with the extension service and by distribut
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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 

0. 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 terai? 

M.P. Bharati: Same varieties are doing well in both 
environments. However, the lentil cultivar 'Simrik' 
performs well in the hills and is recommended for those 
areas. 

M.A. Zaman: You have not said anything about 
postharvest research strategies. Dort 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-terni storage poses pest problems. This 
problem will be tackled as we strengthen NGLIP with 
technical manpower. 

References 

Bharati, M.P., and Joyaswal, M.L. 1989. Nepal-
ICRISAT Cooperative Activities for the Improvement 
of Chickpea. Pigeonpea. and Groundnut, 1987/88. 
Paper presented at the Regional Network Coordina
tors' Meeting, 15-17 Dec 1988. ICRISAT Center, 
India. Patancheru. A.P. 502 324. India: ICRISAT. 

DFAMS (Department of Food and Agriculture 
Marketing Services). 1988. Agricultural Statistics of 
Nepal. His Majesty's Government, Kathmandu. Nepal: 
DFAMS. 

NGI.!P (Na!iona! Grain Leglime Improvement 
Programn. 1985. Progress Report. National Grain 
Legume Improvement Program. National Agricultural 
Research and Services Centre (NARSC) Ministry of 
Agriculture, HMG/Nepal: NARSC. 

227 



Status of Pulses Research and Future Strategies in Myanmar
 

U. Thaung Pe 
Myanmar Agricultural Service, Rangoon, Myanmar 

Abstract 

Pulses are important in the agriculture ofMyanmar. These cover about 8.5% of the total cultivated area. 

Chickpea (Cicer arietinum L.), lima bean (Phaseolus lunatis L.), black gran (Vigna mungo (L.) Hepper), 

pigeonpea(Cajanus cajan (L. Millsp. ),lablabbean (Lablabpurpureus (L.) Sweet), and mung bean (V igna 

radiata (L.) Wilzek) atcountfor 80% ofall pulse crops. The central part of Myanmaraccountsfor 80% 

and the delta region IOC/Aofthe total pulses area. 'heproductivity in general is 1cm' because oj:(a) lack 

()jhigh-yielding cultivars,(b) poor cultural management,(c) inudequate plant-protection measures. (d) 

poor postharvest handling and storage jacilities, and (e)price instability. Recently high-yielding 

chickpe'a cultivars such as Ye:in I (P 430), Shwekyimon (K 850 xF 378),ICCV 2, ICCC 4. ICCC 32,aid 

ICCC 42 have shown promise. Similarly in black gram, Yezin 1,and Yezin 2; in mung bean, Pedisein I 

to 4; in pigeonpea. Yezin Iand Ye:in 2. and in cowpea (Vigna unguiculata (L.) Walp.) Ye:in Iproduced 

high yields at research stations. Farmers' field demonstrations of these have been carried out in 164 

town.ships. Future strategies includ': subzoning of the country into four :onesffor better management, 

introduction and breeding o]'high-yielding disease-resistant cultivars, anddevelopnent ofpackagesjor 

higherproduction that will he demonstrated to thce farmers. 

Introduction 

Ihi c of NIIvannMar the importance of foodtilemCIO1M 

legumes has hlg been recognized both in agrictture 

as a traditional component atid as a source of pritein it 

the diet. These OccUpcd .4 (1840 0X80 ha in I980/87) 

of the total cultivated area of 10 million ha. Despite the 
, 
 it\ per hctare. thc total 

producticio ot* 113 0)) i is sutficintc nicet the 

d1osCtic tneeds ssc%kcreable it) port 97 (It ()Iof 

present sllt,of Io,pri d.L'tii 

and e. 

pulse, in19X/87. 
-leven species ntakcup the laetly of food leguCeIICs

in N 1.).,'vaiiiiiar.ilc,,s es er. ch~ickpea I C"cc'rcric'ltntt~i 

lia heal (Pha.sccol o hnocittn.. rL iack gl 1'ip.1cc 

lIttQo (L.) I leppcr . pigeoripea (i ifla.II (t/u (L) 

Millsp.). labla b heai l. b fcrIcrcit (L.) S,.ciI. 
arid inuiig bean (I ti r aradih (L. Wilecki. eonsti-
WItc 8()'/; food legumes. and are under moreof all 

intensive study. It is hoped thai other leguiiics c cI,11Of eq 

importance will he incorporated as tilePulses Di viSil 

of the Agriculture Researt.i Institute is strengthened 

w itlmre trained personnel. The pulsesareconfilci clo 

IMo niajor zon s. About 8l) of the area is in the dry 

ione or central iiart of'Myanmarand I M; is in the delta 

region. 3oth regions have tremendous potential for 

impro\ ecitent. llut the noitiradilional area, i.e.. th,: delta 

regiom. can he regarded asthe tie %% front ier forexp ansion 

of thse crops. Pulsesare nomially classified into three 

c.ategtries,depenlditigonithe uattirecof'rocpplng systemi: 

I. as catI crolls in the multiple-crcppintg systeim: 

2. as contingent crops %[lef there is a main-crop
fa.ilure; antrd 

3. as iaini crops, as inIthe dry zcne. 

The ctltiVatMion is spreati cover a large area and in 

tliffcreil seasons. Theref'crc productivity and pintfit

ability can also be expected Itovary, for example. 
pigcotipea is planted with the onset of rain. limia bean 

as a miid-season crop. anid chickpea. which has the 

191. Advances in Pulses Research in Bangladesh: pickeedcngs cif SecndCitaticn: BARI (Bangladth Agncultural Research Iniimute). the 
m
 Crops Research Insitlie forNational Workshopon p'ulses, 6-MJun 195,Jccdebput. Bangladesh. Patar:heru. A.P. 512 324. India: international 

the Semi-And Tropics. 
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Table 1.Mean area, production, and productivity
food legumes in Myanmar, 1985/86. 

of 

Area 
('000 ha) 

Productivity 
(t ha) 

Production 
(000 t) 

Black gram
Mungbean 78.01 

36.99 
0.76 
0.41 

51.62 
14.56 

Pigeonpea 
Lima bean 
Lablab bean 
Chickpea 

62.23 
66.14 
83.12 

177.30 

0.52 
1.02 

0.61 
0.72 

28.42 
633.99 

46.60 
109.55 

largest hectarage, is a late ra:ny-season crop. The area
di.stribution and relating cropping systems are shown 
in Tables I an' 2. 

The first attenpts to establish research and the
inproveinient of1the pulses in Nianiarerc recorded 
hb several scientists and economic btlillisis before 
World Warl. This period is regarded as the first phase
inftood-legulie research. Karachiand Nlokiliina, a li.'ia beicul a chickpea cuhtis.ar.isar introlduced in It923. 

- grossii ss ielsare still beingl L L 1 \%il a],,ilthoutlgh, itscnillbeIroill
seeral yield trials carried ot, 
seel 

their products it 
under the simple glo\kt ilndc'\ S( 	 i indicated Ilosefficienc it) rilillprotdtCI
1 1 l.The pllsi\\ar \ears Unid 
1174 Iobe astlllleld t0 be the seolidphlSc illthe foodlegumic re'warch (if Ms aliiar. Activities -turi, this 
period. ihough the\ producedliulierous data oilferil-
izer trials and dale If 1(t,iLg, did nlit base the desired 
impact oilf'odlegules iiprlSeiieiit. sitice priority 
ssas gisei Io rest'arch onincereals atid oilcrops. Resultls 
from thcse :rials also did riot shlo\%other faclors such as 
soidiloisture. da, lentIh sensiti itv, or effects ofthese 

Table 2. Area, and cropping systems ror major rood 
legumes in Myanmar, 1984/85. 

Multiple- Upland
Total area Mixed+mono rice- crop-
sown (hal q based (' I based '7c) 

Chickpea l8 865 35 31 34Pigeonpea 81 386 99 nil 1 

Mung bean 91 800 
Lima bean 223 398 	

13 85 2 
26 2 72 

variables on seed size. The lack of these is not so much a question of ommisior by researchers but the lack of 
development of these concepts. As pointed out byRaian ( 1978) in his report, research on food legumeswascarried out on 16experinient stations and 54 famIns. 

Prominent cultivars that %ere released during thisperiod were Madagascar. Mlahlaing andflat, white 
lina bean: and P I1-301black gram. From 1974 on
wards to the present is the third phase in food-legunes
research. This period is mharked by the introduction ofthe Food Crops Development Projecl,assisted by FAO/ 
UNDP. This constilutes the first time that exclusive
research on pulses ,,as organited. The project aiied at 
strengthening the Agriculture Research Institute, which 
previously did not have a research program for thesecrops because it s,as not vet fillv staffed.

The Food Leguiiie Specialist of the FAO/INDP/
FCDlI/Proect. s( rk ing %%th Ihe Agricuture Research 
Institute .AiRI . hitsbceni able to identi. the problems
and collsilaiits oilproductlioi of food leguies an(l.
based il this studV, lng- Miid shori-iteri recoilinien
dations \\cre foi-IlutlaLed The project also opened
contacts witl other intenialional organizations and 
'aeucies [his has helpedccla 	 the pulse,, project in thei1 ie ntss ll(tclll l o ei. ok 

of scienltists. itiroductionl of genletic stocks.and the 
-

training of aitioial scielllits. 

('onstraints to Production 

iivany \%\i, the problemi othlo\iclds in the central
 
or dry"oeliCregion (If.M aniiiar. sshere 80'/4 of the food
legumes are cultis ated. lies ssiihilealtitudc of' the
 
larmners thenisel\es 
 ios a:ds foo0 legumes. These
 
ariners. although Iolted 
 fIoIr Iheir pcrse\crance and
 

ititelligetice in(
the culhi\ ation of olilher dr\ -/one crops.
hase no[ gi\cn fodill .guities the attetition oir tie 
intenisit\ o ffariniig practices equal to other crops. The 
reasonis are thai crop failurcs are oflelte\periencecd due 
to1iiadcqlluate liloistlre: railifal is irregular, arid there 
are droughts. Legumtie crops are Iherefore not gi% en the 
priort\ they descrsc, resulting ina further lowering of 
yields. 

The limiting factors has e ceen identified as below:
I.	 Poor crop Inanagemetit aid hubandr':
2. 	 Loss yield piltenmial If the indigenous landraces, 

these being highl, variable: 

3. 	 Narros\ genetic resources and slow and limited 
availability of exotic gernplasin: 

4. 	 Losv leve'i of inputs: 
5. Inadequate plant-protection measures: 
6. 	 Low priority status of the crops: 
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7. 	 Inadequate postharvest handling and storage; 
and 

8. 	 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 
research priorities: 

I. 	 Selectionof specific field crops (chickpea, black 
gram, mung bean, pigeonpea, lima bean. and 
cowpea (Vigna unguiculata (L.) Walp.). 

2. 	 Cropping systems (mono, mixed, multiple 
cropping). 

3. 	 Cropping region (dry zone, delta region, and 
others). 

4. 	 Specific export requirement, with particular 
reference to quality and quantity. 

5. 	 Specific domestic requirement. 
6. 	 Regional and seasonal requirement. 
7. 	 Proper cropping systems. 
8. 	 End-use pattern requirement (nutritional values 

and antinutritional factors)., 

Varietal Status of Pulse Crops 

Chit kpea 

Present cultivar 	 Karachi: introduced in 1923. 
New selections 	 P436 released in 1982 as Yezin 1. K 

850 x F 378 is a promising cultivar 
under consideration; released culti- 
var will be given the name-
Shwekyimon. Other promising cul-
tivars are: ICCV 2, ICCC 1, ICCC 
42, and ICCC 32. ICCV 2 is able to 
stand stress and is 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 ,-till 
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 hean 

Present cultivar 

New selections 

Lima bean 

Present cultivar 

and short-staple cotton.
 
Yezin I (1980), Yezin 2(BR-172)
 
(1982).
 
The cultivars ICPL 83074, ICPL 87,
 

ICPI 7035, and ICPL 8324 were
 
found promising, having the desir
able characters of high yield, 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
 
early-maturing.
 
Cultivar P45-1 (Yezin 2) has been
 
released. Itis high-yielding, has large
 
seed size and is good for expori.
 
U 19 (Yezin I ) is daylength insensi
tive and early-maturing. It has been
 
released. Under consideration tor
 
later release are PL 5-364 and BP 3,
 
the lalter being an early-maturing
 
cultivar (80-91 days).
 

Pedisein. a small-seeded 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 inl988, 
Myakyomon - I released in 
1980,Myakyemon 2 (CES-87) re
leased in 1982. 
Sample 1,a cultivar with only 60-65 
days duration, is expected to replace 
sesamum in some locations. 
VK 76-I is another new introduction 
that is suitable for the Upper 
Myanmar I Region. 

The majority of the area is sown vith 
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an old cultivar released in the 1960s 
from the Mahlaing Experimental 
Farm. Two other cultivars; M I and 
M27/30, are also grown. These are 
all daylength-sensitive. 

New selections PI 83-10, G 25192, PL 83-11, and PL 
85-10. 

Cot'pea 

Old cultivar 	 Bocate is still grown but it will be 
replaced by Yezin I (Pelun). Vila 4, 
itshort and early-maturing vegetable 
type from IITA is resistant to both 
aphids and bruch id beetle, 

Continuing activity ol cultivar seleclion. and intro-
duction ot'gerruplasl front various international agen-
cies. is being carried out by the Agriculture Research 
InstituLte at Yeztin, and at other locations and expert-
mental farnis. Preliminary and advanced tests on re-
search stations aind trials oil fanners" fields have bee 
carried Out tor adaptability and acceptability. Since 
I1986/87 a total of 560 Variety trials have been con
ducted. 

Agrononic Practices 

A til I of 441 trials have been carried out folloss ;1!1 
CtLItural practiv'.,s to maximize prodLction. These i
cluded agronomic trials Lln optiinuni time of sowing, 

plaildensities,and nethodsof fi.rtlizer application. Ill 
total. 1(4 toi.wship field idciiionstrations have been
carried otin cooperation with the Extension Division. 

ilot-scale production blocks ( t10) of 20(1 ha and 
.nialler blocks (08) of 40 ha s.crc plantted in various 
parts fI"the country.L

Another mnaJor achivemient of' the food leg tie 
work has been the Rhi: i/uln trials. and distribution f 
large quantity of Ru:hium packages. A total of 1205 
rhizobia trials helped convince farmers of this new 
fertiliter alternative in 19,87.
 

Other agronomic practices included and studied 

were for the seii-arid dry zone. Methods for breaking 
of hard pans by various small farn implements for the 
cultivation of food legumes have been introduced, bit 
the transfer of these new technologies will have to be 
closely linked with the Extension Division in order that 
the cultivators become fully a%ire of them. Many 
improvements will still have to be nade in these 
ongoing research programs. 

Future Strategies 

The present strategy for food legumes in Myanmnar has 
focused on the improvement ofcultivars, and this will 
continue. Substantial numbers of'gennplasm have been 
assembled with the hlpofseveral international research 
institutes and organizations (Table 3). A structure tor 
varietal improvelmenl has been formulated for various 
regions. Breeding for ill increased number of better 
strains continues, at the Agriculture Re.,earch Institute 
and various experiment stations. It is expected that 
high-yielding cultivars front other sources will be 
identilied for each region and seasoin. With the present 
change in economic policy, food-leg unie improvement 
programs should include v 'irl on low-input cultivars 
and lay emphasis on high-yielding, high-input cuti
vars as well. 

In comlihance with the national program to in
crease food-leguue production an inimediale research 
program will he laid down to cover each of these areas 
of production and to study hatural constraints in differ
en t regions, and to idenlify specific crops for specific 
zones. These may be grouped into tour regions: 

0 the delta region for i second crop after rice: 

0 dry ione region. wilh emphasis oIl moisture 
stress: 

0 irrigated regions; and 

Table 3. Germplasm of food legumes available at the 

Agricultural Research Institute, Yezin, Myanmar, 1989. 

Types of germplasn 

Crop 	 Landraces Exotic Total 

Lima bean 85 t94 279 
Mung beau 47 46 93 
Chickpea 263 506 225Pigeonpea 222 532 
Black grain 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: ARt (t98t9) 
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0 	 highland regions - Shan and Kachin - for 
soybean (GIvcine max (L.) Merr.) and other le-
gunes. 

The delta region 

This region accounts for 10% of the total area and 
legune cultivationcan be extended there. The southern 
delta area (Irrawaddy. Rangoon, Peiiu, in Lower 
Myanmar) ischaracterized by heavy seasonal rainfall, 
but such food legutmes as chickpela. black grain, mnung 
bean, and soybean, which follow paddy crops, are 
raised in ttedry Far ofthe 3ear. This area has 'avorable 
soil conditions and easy access to irrigation. Tile main 
problem isacidity of'soils and high temperature that is 
not condtcive to inaxiini m1 plOducti0n. Tie research 
thrust for this region will be for the breeding of culti-
vars that are tolerant to low soiil pt and high iemnpera-
ture. 

Upper MytValniar rlyI"oi- I e,,iol 

As the Agriculture Research Insitite and most of 1he 
experimental stations are already in this region. thelc is 
aconcentration on tie research for food legunies but 
future straltegy kkill be to strengthen tile pre sent re-
search programs and staff. This area v ill need drought-
resistant, daylength- and thernio-insensitive culti'Vars. 
For parts of this area under irrigation high-.y ieing 
cultivars that can utilize high inputs should be given 
priority in variety selection programs. 

Irrigated regions 

These are mostly in Upper Myannar where in igation 
is available and farmers cultivate pulses. Therefore. 
cultivars which respond to high inputs and irrigation 
and which cart be rotated %kith rice ate needed. Returns 
from pulses should he comparable to those from other 
high-yielding crops. 

Highland regin.s 

These are situated between 22"N and 26"N latitude, with 
an average altitude ranging from 5hnl to 2(X)(lm. This 
area has assured rainfall and the soil condition is well 
suited for soybeans, kidney beans (Phaseolusviulgaris 
L.), and chickpea. Becau!e of low temperature: in 

winter, most food-legume crops will have to be grown 
as early rainy-season crops, that is in May, and June or 
July or August. Identification of species and cultivars 
that will suit this area, and exploring the potential of 
this area 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 legumes occupy an important sector in the 
economly of Myanmar. These meet the domestic re
quirement and also generate foreign exchange. Never
theless, the present export volume is much lower than 
in earlier years. During 1958 to .967 Myannar ex
ported an aerage of 105 600 t. but in 198687 the 
export has gone doss into 9100110 t.The decline may be 
due to many factors and one of themin is tile low quality 
of the produce. Iinprovenent of' qualitV and size of 
grains isone ofthe most iinportant characters for all the 
cultivars that are to be released iln li t future. Thust 
postharvest techroilogy should he taken into account. 
The restarch Ir ll'licoerpa resistance or tolerance 

and oither plant-ppotection ineasures ksill also be con
sidered. 

Six food-legunie crops comprising chickpeal, , , hite 
linia bean, pigeonpea, black grai. inung bean. and 
cosspca were given priority in the present research 
program. Wiih the expectation of expanding trade 
inclusion of soybeans, kidney bean. and other food 
legumies such as lenltil (Len.s tWidnarns (L.) edic. 
should also be considered for further research pro
grams. About 8% Of food-grain crop productitn is
 
handled mechanically. Traditional implcmentls must
 
be improved or increased use (if tractors must be
 
t.:onsidcered. The intemational Rice Research Institute
 

IIRRI Farming Systems Project is,s orking on a new,
 
type of plow for zero tillage or minimum tillage after
 
paddy for food-legurne crops, which rmay 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 isthe farmer involved in 
this process ? 

Thaung Pc: Agriculture extension, research. distribu
tio. 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 field days. 
The involvement of the ARI is in the formulation of 
technology and supply of basic seeds. Formulation of 
technology is based on research funding in collaboration 
with extension package programs. The .Api!ied 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 (.93 t ha. The 
mean yields in your paper for 1985/86 are 0.43 t ha 
What is the actual position? 

Thaung Pc: Mean yields of chickpea in Myanmar for 
1986/87 were 0.8X t ha '.This is taken from the Burma 
Land Research final report. Myanmar produces the 
first survey report in October and the second survey in 
January. The annual report is published at the end of 
March. There can be discrepancies in 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 
International Center for Agricultural Research in the Dry Areas, 

(ICARDA), P.O. Box 5466, Aleppo, Syria 

Abstract
 

Lentil (Lens culinaris Medic.) is an importantfood legume in West Asia, the Indian subcontinent, Southern
 
Europe, North Africa, Ethiopia. and North and South America. Mean lentilyields are low because ofpoor
 
cropmanagement and low "yield potential oflandraces. In 5outh Asia and East Africa diseases are also 
major constraints to productioti The breeding schemes followed at ICARDA for the Mediterranean 
countries, southern latitudes, and high-elevation areas are discussed. Strategies for breeding cultivars 
for earliness and wide adaptation, suitabiefirmechanicalharvesting, resistant to diseases (wilt and root 
rot, rust, ascochyta blight, botr'tis gray mold, and stemphvlium blight), cold, and dr,,ught, have been 
discussed. Some joint efforts h' ICARDA and Bangladesh fiod-legume scientists for improvement of 
lentil in Bangladesh are discussed. 

Introduction an expansion in area. Between 1979-81 and 1985-87 

lentil production increased by 81;. and 36ff, of thisLentil (Lens culinaris Medic.) is an important food occurred through increased productivity (FAO 1987).
legume in West Asia, the Indian subcontinent, South- However, mean lentil yields are still low because of 
ern Europe, North Africa, Ethiopia. and North and South poor crop management and the low yield potential of 
America. The crop has ahigh nutritive value and isalso the landraces which are still being grown in most areas. 
used as an aninal feed. Lentil fixes atmospheric In South Asia and East Africa diseases are also amajor
nitrogen inassociation with Rhi-obini sp and is thus constraint to production. Accordingly, an integrated 
very important in rotation with cereals in maintaining approach to lentil improvement needs to be followed 
the nitrogen balance in the soil. which should invol;e both improvement in production

Lentil is cultvated as a winter crop in the Mediter- technology and genetic stocks. 
ranean region and the Indian subcontilnent. and as a 
spring crop in the Central Anatolian Plateau in Turkey. 
North Europe, and the Americas. It is predominantly Breeding Objectives 
arainfed crop. 

Lentil is grown in awide range of geographical areas 
with varied agroclimatic conditions. Thus the constraintsArea and Production to production also vary according to prevalent condi
tions. Yield remains the prime objective, and the im-

The area, production, and productivity of lentils world- portance of other attributes varies depending upon the 
wide (FAO 1970, 1981) revealed that the production of environment.
 
lentil increased by 15% between 1961-1965 and 1979- For high-altitude areas in Afghanistan, parts of
 
81 and almost all of this increase (84%) came through Iran, and the Central Anatolian Plateau in Turkey,
 

t. This paper was not presented at the workshop; however, the organizing committee accepted this for publication. 
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National Workshop on Pulses, 6-8 Jun 1989, Joydebpur, Bangladesh. Patzacher,, A.P. 502 324, India: International Crops Research Institute for 
the Semi-Arid Tropics. 



where the crop iscurrently spring-sown, the success of 
autumn sowing depends on the de:.2ree of winter-har
diness. 

In Mediterranean environments at low to medium 
altitudes, where straw is also economically imponar.t 
in tie famling systems, high biomass (seed + straw 
yield), wilt resistance, and drought tolerance are im-
portant atti butes. Further, with the increasing labor 
cost forhand harvest, traits assisting tile l,',-hanization 
of lentil require special consideration. 

For the Indian subcontinent tile specific traits re-
quired in addition to high vield, are resistance to 
ascochN ta blight, rust, and wilt. 

Genetic V"ariation 

The gcnetic vaiation existing in the crop and its wihlt 
relatives isthe basic resource of any breeding program. 
The largest collection of both wild and cultivated lentil 
is n taiotatinedat the International Center for Agricul-
tural Research in the Dry Areas ICARDA) and labeled 
tile hIlernational Legunle Lentil (ILL. currently 
c 'n pri.,ing 711) cultivated accessions. About 4500) 
accessitons Ironim 52 countrie,s have been evaluated for 
17 descriptors aid a L.entil Germ plasm Catalog has 
been published ( Erskine and Witcombe 1984). The 
ran ,es (iminui and maxinui values) tor some 
quamtitative characters in this gennplasm collection 
are given in Table I. 

Breeding Methods 

Lentil is a self-pollinated species. Very little cross 
pollination (_<I.0%) has been observed in lentil. The 
breeding methods common for self-pollinated crops, 
viz., pure-lineselect~on,pedigrectethod,bulkmethod, 
and back-cross method are all followed by lentil 
breeders..:;-,metimes with modifications. Mutagenesis 
has also been used to improve existing cultivars for 
specific traits. The breeding scheme being fbllowed at 
ICARDA is described below: 

A total of about 350 crosses are made annually for 
tile three major target regions according to the different 
regional objectives. These crosses are then handled as 
three streams within the breeding project with the 
material for each target region being of a different 
maturity type: southern latitudes, early-maturation 
strearm: Mediterranean region, mediun-maturation 
stream: ald high-elevation areas. late-maturation 
stream. 

The mater:ial forthe three streams ishandled together 
for the first few generations. A diagramatic represen
tation of the scl:eme employed is given in Figure I 
OICARDA 1986). All the crosses made at Tel tladya 
are growkn as F, generation in a high-elevation, off
seasion, sulmmer nursery at Shas'bak. Jordan, withi 
irrigation. The F,generation is grown at Tel Hadva in 
winter and bulk harve!;ted. Seeds from these bulks are 
used for tile international F, nurseries, mediurn-matu
rity (large- and small-seeded LIFN-L. LIF,N-S), cold 
tolerance (LIFN-CT). and early niaturity (LIF1 N-E). A 

Table I. Range for various descriptors in lentil germplasm, ICARDA, Syria. 

Character 


Days to flo":ering 

Days to maturity 

Plant height (cm) 

Height of the lowest pod (cm) 

Biological yield (t ha 


Seed yield (t ha ') 

Straw yield (tha') 

Harvest index 

1)-seed mass (g) 

Seeds pod ' 

Protein content (%) 


Source: Erskine and Witcombe (1984). 

Minimum Maximum Mean C.V.(%) 

100 162 132.8 9 
144 188 163.3 6 

10 45 25.8 18 
3 30 13.6 31 
0.13 10.36 3.68• 42 

0.05 3.26 1.14 45 
0.08 8.15 2.54 48 
0.02 0.79 0.32 29 
1.10 8.62 3.22 37 
1.00 2.00 1.53 15 

18.6 30.2 25.78 7 



------------- 
1. 	Crossing block in Tel .	 Mediterranean region 

------- *Southern latitudes 

- 4, High elevation 
F, summer off-season 
nursery in Shawbak, 
Jordan
 

2. 	 F2 in Tel Hadya, crosses 

bulk 	harvested 

F3 summer off-season
 
nursery in shawbak.
 
Jordan, crosses bulk
 
harvested
 

F4 in Tel Hadya:Single- Lentil international F3 trial ational F3 trial 
3. 	 plant selection + bulk
 

harvest of a sample of
 
each cross
 

L 

F5 in Tel Hadya: Progeny F5 bulks to Islamabad, F5 bulks to Ankara, Turkey,
4. 	 rows, systematic design Pakistan, for single-plant for single-plant selection


I J [selection
 

F 6 in Tel Hadya 	 " 
5. 	 Preliminary screening .. .. .
 

nursery, augmented ....
 
design ="
 

F7 preliminary yield trials I F7 yield trials and disease 
6. 	 in Breda and Tel Hadya screening of early lines in prtoramsbredn 

(Syria), and Terbol I Islamabad, Pakistan porm 
(Lebanon) 

F8 advanced yield trials
 
7.in Breda and Tel Hadya

7*(Syria), and Terbol 

(Lebanon) 

,aaod8.F, ntorn 
regional nurser rga 

Figure 1. Luntll! breeding scheme used at ICARDA showing streams for dlfferenl target areas. 
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subsample is sent to the off-season nursery for gen- suitable and is, in fact, more prone to !hdging.Genetic 
eration advancement through the F, generation by the variation in pod dehiscence has been found (Erskine 
bulk method. 1985) and is being exploited at ICARDA. 

For the Mediterranean stream, single-plant selec- Simultaneously, systems formechanical harvesting 
tions are made at the F4 generation on the basis of of tile crop have been developed. These include the 
phenology, growth habit, and seed characters. The F, lentil puller (for existing cultivars and production 
progeny rows are grown in a systematic design. The practices), mowers (for use on flattened seedbeds and 
selected progenies are then grown in a Preliminary nonlodging cultivars), and combine harvesters (for use 
Screening Nursery (PSN) in F, in an augmented block on wellpreparedseedbedssown withcultivarsimproved 
design. then in replicated Preliminary YieldTrial (PYT) for mechanical harvesting). 
in F, at three sites with widely differiig annual mean 
rainfall Tel Hadva, Syria (annual mean rainfall ca. 330 
innii; Breda, Syria (ca. 28)) tm); and Terbol. Lebanon Breeding for Resistance to Diseases 
(ca. 550 mam). Screening for .usariun -%wiIt resistance 
starts at F,. The promising entries frori PYTs are Lentils suffer relatively less damage from diseases 
advanced to Advanced Yield Trials (AYT) which are than other legume crops. The most common lentil 
again grown at ihe same three sites in larger plots and diseases include wilt, root rots, rust, ascochyta blight, 
the material from these is sent to various national hotrytisgray molt.andsternphyliurn blight. Resistance 
programs in tile form of international nurseries. to botrytis gray niold isavailable fron the joint scoring 

l)evepnient of the ealy-strearii material for done in Islamabad. Pakistan. But no sources of resis
southern latitudes has been carried out since the 1983/ tance to stern phylium blight are known. Some of the 
84 season in cooperation with tlle Pakistan National salient features of the important diseases are given 
PulsesProgram, National Agricultural Research Cen- below. 
tre I NAR('). Islamabad. Segregatirig populaoris from 
early crosses in tire F,generation are sent to Islamabad. 
for singlc-plant selection. In addition, selections made Will 11id root rots 

for earliness at Ic Iladya are sent to Isl arabad in yield 
trials for screening for ascochyta blight resistance. Wilt and rot rots in lentil ire widespread. The most 

liethigh-clevation, late-niaturity strearr. nra- important disease is vascular wilt, causvd by FusarirmIrh 
terial is dCVClopCd in collboration with the Turkish oAyv oorwr f.sp. h'ntis. Sources of resistance to this 
National LegLue Program. The F, geieration of disease are known (Kanni a and Nene 1978; Khare 
crosses made with cold-tolerant parents is screened for 1980). Asimple, rapid, and reliable technique has been 
wir ter hardiness at Haymiana Research Station near developed at ICARDA to screen lenil geniplasrn at 
Ankara at _ >1000ni elevation. This collaborative the seedling stage for resistance to wilt (Bayaa an(d 
arrarngerien with the two nat ioia I prngrarns has enabled Erskine 199) . Using this technique. several lines have 
more selections and tests for disease resistance and been identified with ir useful degree of resistance. 
adaptation in the target regions. which are now being exploited in breeding for resis

tance. There is rro published record of inheritance of 
resistance to wilt. 

Breeding Tall Types Suitable for Mechanical 
Harvesting 

Rust (Ur-oyces fabae) 
The increasing cost of harvest labor prevents some 
farmers in the Middle East and other countries from Rust is important, particularly in the Indian subconti
growing lentils. Further, traditional cultivars are nent IKhare 1980). Ethiopia, Morocco, and South 
lodging-susceptible. short, with sertii-prostrate growth America IRiva 1975). Several resistant genotypes 
habit, and have pods which shatter and drop. Heritable have been identified by Pandya et al. 11980). Locations 
differences in stusceplibility to lodging have been found like Debre Zeit in Ethiopia and Pantnagar in India are 
(Erskine and Goodrich 1988). Further. mechanical useful hot spots for rust-resistance screening. Evalua
harvesting by cutting or pulling requires a clearance of tion of breeding material in Ethiopia and Morocco for 
about 15 cm between the soil surface and the lowest rust revealed several resistant sources, which are now 
pods. Material with higher first-pod height is not being used in breeding for resistance. Rust resistance 

238 



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. 

Ascochvta blight (Ascochyta lentis) 

The disease is economically important in the Indian 
subcontinent (Khatri and Singh 1975) and Canada 
(Slinkard and Drew 1982). It is seedborne 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 rio published record on inheritance of 
resistance to ascochyta blight. 

Breeding frr Resistance to Ins('('t-pests 

Among the insects which dantage lentils. the weevils of 
the genus Sitoa.pod borers (Etie'lalinatus),bruchid 
Bro'ho.s sp aridCalh,.s ,hrohusihinen.i).iandaphids 

(Aphis ral (iv'a) are of economic importance. 
Screening for host-plait resislaiuc againt Sitona has 
been done at ICARDA but was unsuccessful and 
abandoned due to lack of genetic variation. 

Breeding for Cold Tolerance 

Screening germplasm tunder 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 autun sowing, where sowing is 
traditionally in spring. 

Breeding for Drought Tolerance 

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. 
Drought tolerance is required to stabilize production in 
these areas, and possibly to enable production in lower-
rainfall zones. 

Drought tolerance is now being measured by ma-

nipulating the total seasonal moisture supply at one 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 ofthe Indian subcontinent and in Ethiopia. While 
approximately 4014 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 19301). 

Phenological problems associated wit h the intro
duction of Medit;:rrariean gernplasrn into the Indian 

subcontinent led to the suggestion of the existence of a 
daylength bottleneck, restricting the low of gennplasm 
into India (Erskine and Ilawtin 1983). Recent datt 
sho, tlhis to be an over-sirnplification. because selec
tion during the spread of the cnp into India has been 
directed toward increased sensitivity to teiperature 
and reduced sensitivity to photoperiod (Erskine et al. 
1990). This emphasizes the role of'selection of phenol
og, in tie evoltiionary historN of lentil and also tlie 
need to select for in appropriate plienology during 
plant introduction into sotthern latitudes in order to 
widen the genetic base available to local breeders. 
Early maturing. disease-resistant lines are now emerg

ing from the program, but reconfirmation of their 
disease reaction is 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 for seed include 
size. color, protein and meti,,,itne concentration, ease 
of decortication, and cooking quality. Studies at 
ICARDA revealed that the time required for cooking 
was well predicted by the seed size with a genetic 
correlation if r = 0.92 (Erskine et al. 1985). There is 
genetic variability for all the above characters within 
the germiplasm oh cultivated lentil. The present airi 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 perfomiance 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 each year as inter-
national nurseries and trials to the national programs 
for evaluation and use under local conditions. 

Sone entries having specific adaptation to particular 
environments IIave been identitied from these materi-
Alls and released for general cultivation by the national 
pro grams. F examle. the lentil ine ianserha 89 has 
been released for Northern Punjab and the North-West 
Frontier Province inl Pakistan. I- addition, a line FLIP 
86-38L \%hich has given high ields it Islaniabad and 
%.isresistanl to asococlita blight in tmso seasons and 
has a good sed t.,pe. 

The letils of Bangladesh are among the ealiest to 
flo ker in tile world geniplasin colh'clion. Conse-
tllently. access to variability in a mediumn-season or 
late-season background is limited. because of prob-
!ems \w ith flowering synchrony in crossing. ICARDA 
is crossing the L 5 cultivar from Bangladesh with 
liffercin soLlrcCs of resistance to rust and tile F, gen-

ratii is heing grown iniBangladesh to inicorporate 
rutst resistance in adapted background. Further 
crossing with other sources ofearly flowering lentil is 
heing done at ICARDA to 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 (Cierarictinuin L.), black gram 
ina ,nungo (L.) ttepper. and sung bean (,itna 

tradiawa (L.) Wilczek) account for about Q451of the 
area under pulses in Bangladesh. Therefore, amajor 
research thrust on these crops %as proposed. A limited 
and localized research effort was suggested for 
pigeon pea (Cqajou. ajan L)..N ill sp.) co pea WIigna 
uni,'uic data IL.) Walp.).and ficldpea (Pwton . ativ tO 

subsp arvcnsc). The %%orking group also mnade the 
follo iig general recoinmmndations. 

l. 	Procure more geniplas niofkhe,,ari. lentil, black 
grai. nurig beani. and in iinor pute , 

2. 	 Strengthen field and laborators screening for 
resistance to a1t on,: and abiolic ,tresses.tr hbi 

3. 	 Expand facilities for pulses re,,carch in terms of 
staff, laboratories, and ettipment. especiall.s 
for mechanical seedit . incrcutlure, harvesting. 
d,ying. seed handling, arid storage. 

4. 	 Strengthen intra- and inter-istitutional coop-
eration within the co)trltr\. 

5. 	 Increase the opportuties for cooperation \with 
some international orga1izat ions as Interna
tional Crops Research Institute for the Seni-
Arid Tropics tICRISAT. International Center 
for Agricultural Research in Dry Areas 
IICARDA). Asian Vegetable Research and 
Development Center (AVRDC) and with 
neighboring countries, c!pecially the National 
Bureau for Plant Genetic Resources (NBPGR) 
inIndia. 

6. 	Create suitable facilities for large-scale seed 
production of high-yielding cultivars. 

•"N
 

Breeding 

Discussion Group Participants 

M. Matiur Raliman (Leader) M. Obaidul Islam 
Ashutosh Sarkcr Ali Newaj 
A. Khaleque 	 P.N. Bahl 
D.G. 	 Faris Jagdish Kumar 

Majorbreedingcfftrtsslould be undertaken onkhesari. 
lentil, chickpea, black gram. and nung bean in 
1ang ladesh. Limited workshouldbx done oil)igeonpea, 
cowpea and fieldpea. Shortage of manpower precludes 
indepth studies on the latter three crops. 

Future Strategy 

The 	major problcis have been identified and priori

tized. Priority I problems slhould be undertaken iaine
diately with the existing nianpok-.er and the rest should 
be lake1i tip ,. er and other resourceshen tinore inainpot, 
are available. 

Le1nttl 

The main working strategy to be followed isto develop 
materials with a relatively larger seed size, disease 
resistance and higher harvest index. Consequently. the 
follo%ing re!:earch priorities have been set. 

0 Priority I: high-yielding. short-duration, rust
and stemphyliun blight-resistant varieties. 

0 	 Priority fl: varieties for late sowing. 
0 	 Priority II: varieties responsive to high inputs 

(irrigation and fcrtilizers). 
* Priority Ill: varieties for nontraditional areas. 

Chickpea 

Research needs to be undertaken for the development 
of varieties with medium seed and higher harvest 
index. The following priorities have been set. 

0 	 Priority I: high-yielding, wilt-, botrytis-, and 
collar rot-resistant varieties. 

http:nianpok-.er


" 	 Priority II: high-yielding, botiytis gray mold 
and root rot-resistant varieties. 

* 	 Priority I1: varietiessuitable forBarindand Tista 
tracts. 

* 	 Priority Ii: varieties for late sowing.
* Priority 11: kabuli-type varieties. 

* 
 Priority I: varieties for high-input conditions, 

Kheusari 

The following research priorities have been set for the 
development of suitable materials. 

" 	 Priority I: high-yielding, low-toxin varieties. 
" 	 Priority I: downy mildew (DM) resistrit vari-

eties. 

" 	 PrioritN Ill: high-fodder varieties. 

The strategy to be adopred ivol'kes 

1. 	 A hybridization prograin to raise tie yield of 
Io" -toxin lines. Seregatiig f ulIations should 
be handled by the single-seed descent SSI)) 
Method. Inhdividual plants should be selected 
from the F,generatomnon the basis of los, toxin 
content and agronoinic characters. 

2. 	 Testing of adsanlcCd lines IIela. cropping 
with oian (rait\ scasont rice folloss ing ('arn
ersI practices. 

3. 	 Cross checking f)Ih N - ixalylaniino-L-ala
nine (BOAA) content if the advanced lines at 
different institutes. 

4. 	 Study of potlnatiti beha,.or. 

Bla 	k gratn 

Research is needed to develop materials according to 
the following priorities. 

" Priority I: high-yielding, Yellow mosaic virus 
(YMV)- and Powdery mildew (PM-resistant 
varieties having synchronous podding habit. 

" Priority II: varieties suitable for zero-tillage 
conditions. 

The following strategies are to be adopted: 

I. 	 Combining high yield with resistance to YMV 
and PM for Priority I 

2. 	 Testing promising lines under zero-tillage con-

ditions for Priority If. 


Mung bean 

Research is nee,.ed to develop materials in the fellow
ing priority areas. 

0 	 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 t. arnan rice-mung
bean-aus (rainfed) rice cropping pattern. 
Priority I: high-yielding (high harvest index), 
short-duration (60-65 days) varieties with syn
chronous podding habit. YMV and CLS resis
tance/tolerance, waterlogging tolerance, and 
daylength insensitivity forAugust sowing in the 
ativ rice/jute-mung bean-postrainy season (rahi) 
cropping pattern for northwestern 13aneladesh. 

The strategies to be adopted include: 

I. 	 Intensifying the nybridization program using
available resistant/moderately resistant sources. 

2. 	 Advancing segregating populations at Ishurdi 
and Rahnallur. specifically for each zone, in 
collaboration wkith Chittagong University. 

Pigonpea. onwwa, andfieldpea 

The follOwitig steps should be taken: 

* 	 Collection of local gernplasi. 
0 	 Evaluation of more geniplasm from exotic 

sources such as ICRISAT and the International 

Institute for Tropical Agriculture (IITA). 

General Breeding Principles and Policies 

Principles 

0 	 Make pureline selections from within the local
germplasm and landraces. 

* 	 Ensure maintenance of existing cultivars for 
each crop. 

Policies 

a 	 Basic research should be emphasized at aca
demic institutes. 

* 	 Test locations for each crop should be based on 
crop concentration and future potenL;al. 
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It should be ensured that breeders continue to 

work on aparticular crop on a long-term basis. 

" 	 Sufficient manpower and physical facilities 

should be provided to ensure full operation of 

the breeding programs. 
" 	 Breeders' visits to farmers' 

* 

fields and demon-

stration plots should be intensified. 

Cultural Management 

Discussion Group Participants 

A.F.M. Maniruzzanian (Leader) M.Z. Abedin 
M.S. HoqueM. Shahidul Islam 
A. Ahad MiahM. Motior Rahman 
Abu 	Mohd. MusaA. Sattar 
M.P. BharatiA. Aziz 

Future Strategy 

I. 	 The existing cropping pattern needs to be ad-

justed so that pulses be sown on time and under 

proper soil-moisture conditions. 

2. 	 Alternative fanning systems involving pulses 

need to be developed. 
3. 	 Identification of areas in nontraditional regions 

with potential for growing pulses should be 

undertA:en. 
and mixed-4. 	 Management practices for sole-

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. 

Since most pulses are grown onl residual soil6. 
moisture under rainfed conditions, develop-

ment of drought-tolerant varieties should receive 

priority, 
7. 	 Morphological and physiological constraints to 

high yield need to be identified and used in 

varietal development programs. 

8. 	 Low-cost implements should be developed to 

make the best use of residual soil moisture. 

Crop Protection 

Discussion Group Participants 

G.A. Fakir (Leader) Hamiz Uddin Ahmed 
A. BakrM.A. Karim 
M.V. ReddyM. Mahbubur Rahman 

Future Research Needs 

Plant pathology 

studies will be conducted acDisease-management 

cording to the following crop and disease priorities.
 

0 	 Crop priority 
Lentil, chickpea, mung bean, black gram, 

khesari, and cowpea. 
0 	 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. 
Screening of gernplasm against diseases 

1. 	 Identification of pathogens/races of 

major diseases/pathogens and their use 

in screening tests. 
2. 	 Standardization of screening methods. 

3. 	 Screening of gernplasm lines and culti

vars, promising lines, and breeding ma

terials of differeni pulses for resistance 

to majordiseases underadequate disease 

pressure. 
0 	 Survey and monitoring of pulse diseases under 

different agroecological zones and underdiffer

ent cropping patterns. 
a 	 Estimation of yield losses due to major diseases, 

especially botrytis gray mold of chickpea and 

stemphylium blight and rust of lentil. 

0 	 Studies on cultural management of the major 

diseases of different pulses in collaboration 

with agronomists. 
0 Selection of seed dressing for foot rot of lentil, 

wilt and collar rot of chickpea, DM of khesari 

and foot rot of cowpea. 
0 Selection of foliar fungicides for stemphylium 
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blight and rust of lentil, botrytis gray mold of 

chickpea, and PM and CLS of mung bean and 

black gram. 

Development of integrated control measures. 


Entomology 

* 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 important pulses. 

* Research will be conducted on the following 
priority areas: 

I. 	 Monitoring and surveillance of insect 
pest population/infestation levels inpulse 
crops under different agroecological 
conditions and different cropping pal-
terns. 

2. 	Screening of gerniplasm against major 
insect pests of pulses. 

3. 	 Bioecology. bionom ics and lifetables of 
major insect pests oh 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 efficacy ol" 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 ilsect 
pests of pulses. 

7. 	 Determination of spraying threshold 
levels of'major insect pests of pulses so as 
to minimize the number of applications 
of insecticides. 

8. 	 Integration of effective control measures 
intoapackage forthecontrolofthe major 
pest complex of the pulses. 

9. 	 Development of artificial rearing tech-
niques for pod borer (Helicoverpa 
armigera). 

Postharvest technology 

The following research work will be undertaken, in 
order of priority: 

0 Survey and assessment of postharvest qualita-
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live losses of different pulses. 
a Evaluation of traditional and improved storage 

containers in controlling pests/molds and main
tenance of seed viability. 

a Further improvements of the fabricated pulse 
drier. 

6 Development of cheap and simple methods of: 
I. 	 Processing pulses into various products of high

nutrient value. 
2. 	 Detoxification or reduction of BOAA content in 

khesari and antinutritional factors in other pulses.
3. 	 Reducing cooking time of stored pulses. 
4. 	Developing an inexpensive manually operable 

pulses thresher. 

General Policies 

I 	 Development of multilocational testing facili
ties for screening against diseases and insect 
pests 	of important pulses at different institu
tions/universities ofthe country. 

2. 	 Provision of greenhouse and cold-storage fa
cilities for conducting pathological, entonio
logical, and storage experiments under con
trolled condiions. 

3. 	 Procurement of Libotatory equipment such as 
incubators, refrige rators. chromatographic 
equipment, dissecting microscopes. spectro
photoietcrs.ferrenlrs. seed magnifiers, and 
microphotographic equipment. 

Seed Production, Extension, Marketing,
and Nutrition 

Discussion Group Participants 

M.S. Ahmed (Leader) Md. Hussain 
S.M. Elias Md. Mostafa Hussain
 
Bazlur Rahman 
 M. Ashraful Islam 
K.F.G. Leferink U. Thaung Pe
 
Umaid Singh C.L.L. Gowda
 

Future Strategy 

Seed Production 

I. 	 Targets should be defined and clear guidelines 



set for the coordinaion of seed multiplication 
between breeders, the Bangladesh Agricultural 
Development Corporation (BADC), and the 
Department of Agricultural Extension (DAE) 
depending on the capabilities of each 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 yearofrecommenda
tion. In subsequent years 1,ADC will supply 
seeds 	 for demonstration. The National Seed 
Board (NSB) should indicate this minimum 
requirement of seed in their protorma. 

2. 	 Breeders should bc responsible for the mainte-
nance of breeders' seed, and they should liaise 
with DAE and BAI)C to popularize the variety 
through demonstrations. 

3. 	 Breeders' Seed must be certified by breeders 
according to the seed rules, 

4. 	 Foundation and certified seed are to be certified 
before distribution by the seed-certification 
agency according to the seed rule,. 

5. 	 To enlcurage the scientists responsible for the 
development of aparticular variety, their insti-
tution should be given some royally on the sale 
of certified seeds, 

6. 	 In view of pulses seed requirements of CDP the 
NSB may recommenld sonIC local improved 
varieties submitted by breeders and BAI)C. 

Ertension 

I. 	The;e should be intensive demonstrations in 
farmers' fields in pulse-growing areas by DAE 
in collaboration with scientists and BADC. 
Adequate funds should be provided to the DAE 
for. this purpose. 

2. 	 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 

I. 	Credit facilities should be provided fo, 'he pro
duction of seeds of improved pulse varieties. 

2. 	 Government procurement program of incentive 
price should be extended for pulses. 

3. 	 The Farmgate prices, as broadcast weekly, 
should accompany the consumer price and this 
information should be given by the marketing 
department. 

4. 	 Socioeconomic studies indica!e a big gap be
tween grower and consumer prices. Efforts 
should be made to narrow this gap. 

Nutrition 

I. 	 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. 

2. 	 Antinutritional factors of pulses deserve special 
attention, particularly BOAA content in khesari. 
Screening lines for low antinutritional factors 
and their detoxification should be emphasized. 

3. 	 There is a need to devise asimple procedure for 
detoxification of the neurotoxin in khesari dhal. 

4. 	 The effect ofenvironmient, agronomic practices, 
and genotypes on nutritional quality of pulses 
should be studied. 

5. 	 The storage stability and quality ofpulses should 
be studied. 
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Participants 

Bangladesh Agricultural Research Council 
(BARC), Farmgate, Dhaka 15 

Kazi M. Badruddoza 	 Former Executive Vice Chairman 

M. Motlubor Rahman 	 Executive Vice Chairman 
M. Siddique Ahmed 	 Scientist Emeritus 
M.A. Razzak 	 Principal Scientific Officer 

Bangladesh Agricultural Research Insti
tute (BARI), Joydebpur, Gazipur 

M.H. Mondal 	 Director General 

M.A. Islam 	 Director of Research 

M.A. Khaleque 	 Project Director Oil Seeds 

S.M. Elias 	 Director Training 

A.F.M. Maniruzzaman Project Director Pulses 

Awal Ahmed Principal Scientific Officer 

Agronomy Division 

Kazi Reazul Haque 	 Principal Scientific Officer 

M.A. 	Ahad Miah Principal Scientific Officer
 
(Agronomy)
 

M. Motior Rahman 	 Scientific Officer 

Breeding Division 

Helalul Islam 	 Principal Scientific Officer (Millets) 

M.A. Wahaab 	 Principal Scientific Officer (Genetic Resources) 
Senior Scientific OfficerD. Sarwar 

M.A. Chowdhury Scientific Officer
 

Fatima Khatun 
 Scientific Officer 

Entomology Division 

Chief Scientific Officer and Head 
Senior Scientific Officer 

M.A. Karim 
Mahbubur Rahman 

Pathology Division 

Chief Scientific Officer and Head
 

Tapon Kumar Dey Scientific Officer
 
H.U. Ahmed 

On Farm Division 

Chief Scientific Officer and HeadZ. Abedin 

Senior Scientific Officer
A. Hossain 

Senior Scientific Officer
M.A. Rauf 
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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 

BAR!, Regional Agricultural Research Station, Ishurdi, Pabna 
M. Matiur Rahman Principal Scientific Officer
M. Obaidul Islam Principal Scientific Officer 
A. Sarker Senior Scientific Officer 
Wahiduzzaman Senior Scientific Officer 

M.A. Karim Senior 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.I. Sarkar Scientific Officer 
R. Ali Scientific Officer 

BARI, Agricultural Research Station, Barind, Rajshahi 
A. Musa Senior Scientific 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, Duniki, Patuakhali 

Enamul Haque Principal 

BARI, On Farm Research Division, Faridpur 

Yousuf Ali Scientific Officer 
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BARI, Wheat Research Centre, Noshipur, Dinajpur 

M.A. Razzaque Principal Scientific Officer 

BARI, 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
 
Saifel Islam 
 Principal Scientific Officer 
M.A. Satter Senior Scientific Officer 

Bangladesh Agricultural 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 

N1. Mustafa Hussain Project Director, Pulses and Oil Seeds, BADC, 
Dilkusha. Dhaka 

A.K.M. Anwarul Kibria Director, Field Service Division (DAE), 

Khamarba'i, Dhaka 

A.K.M. Boilur Rahman Director, Marketing, Khamarbari, Dhaka 

M.A. Rakib Executive Director, Project Implementation 
Unit, Canadian International Development 
Agency (CIDA), Khamarbari, 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 Ro:,d, 
Lal Matia, Dhaka 
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International Participation 

National Programs 

M.P. Bharati Coordinator National Grain Legume Im
provement Project (NGLIP), Kathmandu, 
Nepal 

P.N. Bahi Assistant Director General (Food Crops) 
Indian Council of Agriculti' alResearch 
(ICAR), New Delhi 110 001, India 

U. Thaung Pe Deputy General Manager (Extension). 
Myanmar Agricultural Service (MAS), 
Rangoon, Myanmai 

ICRISAT Center, Patancheru, A.P. 502 324, India 

D.G. Faris AGLN Coordinator 
Umaid Singh Biochemist 
C.L.L. Gowda Senior Plant Breeder 
M.V. Reddy Senior Plant Pathologist 
Jagdish Kumar Senior Plant Breeder 
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Synonyms, Acronyms and Abbreviations 

Chickpea Bengal gram, boot,chhola 

Khesari Lathyrus, grasspea 

Mung bean Mung, moong, green gram. mugh 

Black gram Mash kalai, mash 

Lentil Masur 

Pigeonpea Tuar, Arhar 

Kharif-I: Early monsoon (March to May) 

Kharif-2 Late monsoon (August to October) 

Kharif Rainy season (June to October) 

Rabi Postrainy season (October to March) 

aus-rice Rainfed paddy 

boro-rice Wirter season, irrigated paddy 

T.aman-rice Transplanted, rainy-season paddy 

Acronyms used 

AGLN Asian Grain Legumes Network 
AVRDC Asian Vegetable Research and Development Center 
BADC Bangladesh Agricultural Development Corporation 
BARC Langladesh Agricultural Research Council 
BARI Bangladesh Agricultural Research Institute 
BAU Bangladesh Agricultural University 
BINA Bangladesh Institute of Nuclear Agriculture 
BOAA : -N-oxalyl aminoalanine 
BRRI Bangladesh Rice Research Institute 
CDP Crop Diversification Project 
CIAT Centro Internacional de Agricultura Tropical 
CIDA Canadian International Development Agency 
CU Chittagong University 
DAE Department of Agricultural Extension 
ICAR Indian Counil of Agricultural Research 
ICARDA International Center for Agricultural Research in Dry Areas 
ICRISAT International Crops Research Institute for the Semi-Arid Tropics 

IDRC International Development Research Centre 
IITA International Institute of Tropical Agriculture 
IPSA Institute of Postgraduate Studies in Agriculture 
IRRI International Rice Research Institute 
MCC Mennonite Central Committee 
NBPGR National Bureau of Plant Genetic Resources (India) 
NGLIP National Grain Legume Improvement Program 
ODAP P-N-oxalyl-L- a, P-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 - I US$ = Tk 32.85) 
USAID United States Agency for International Development 
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