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PREFACE
 

This bulletin describes the agronomic, economic and nutritional aspects
 

of the mungbean (Vigna radiata). It has been prepared as part o'f a program
 

to study Biological Nitrogen Fixation for Food Productiorn in the Tropics
 

and was sponsored in part by the Office of Agriculture of the United States
 

Agency for International Development with the guidance of Dr. Lloyd R.
 

Frederick.
 

It is also part of a series of "State of the Arts" (SOTA) publications
 

whose purpose is to supply information relevant to the tropics, serve as a
 

guidance for developing countries in determining priorities for research
 

and for training and planning purposes. Farmers in less developed countries
 

need integrated packages of information on the management requirements of 

legumes and this bulletin contributes to the information that can lead to 

increased production in the major food grain legumes.
 

The Agricultural Experiment Station of the University of Puerto Rico,
 

through its Department of Agronomy and Soils, makes this publication avail­

able as a technological package that may be useful to those who are helping
 

the small farmer in less technically advanced societies. Thanks must be
 

given to Dr. J. Morton and Dr. Roger Smith for preparing a preliminary draft.
 

We appreciate the efforts of Dr. John M. Poehlman, who wrote the final draft.
 

Dr. Eduardo C. Schroder,
 
B.N.F. Project Leader
 

Dr. Luis M. Cruz P6rez
 
Director
 
Dept. of Agronomy & Soils
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THE MUNGBEAN
 

INTRODUCTION
 

The mungbean (Vgna kadlata (L.) Wilczek), also called mung, moong, and
 greengram in India, and mungo in the Philippines, is a leguminous pulse crop,

prized for its seeds, which are 
high in protein, easily digested, and consumed
 
as food. 
In a symbiotic relationship with specific soil rhizobia, root nodules

develop on 
mungbeans in which atmospheric nitrogen is converted to 
forms
 
available to the mungbean plant.
 

The mungbean is native to the Northeastern India-Burma region of Asia.
Its progenitor species is unknown. 
The closest wild relative is believed to

be Vigna Aadcicaa var. 6Wtu.obata (Roxb) Verdc., 
which may be found growing in
wastelands of eastern India. 
The mungbean is cultivated most extensively in

the India-Burma-Thailand region of southeastern Asia, but it is 
also grown in
Iran, Pakistan, Vietnam, Peoples Republic of China, the Philippines, Republic

of China, Malaysia, Indonesia, and adjacent countries and islands of south­
eastern Asia and the South Pacific. 
 In early days the mui gbean was carried

from Asia by Oriental emigrants, or by traders, 
to the Middle East, Africa,

Latin and South America, and Australia. Although it never became 
a major

commercial crop in 
any of these areas, commercial production is found in

northwestern Peru; Oklahoma and Texas in the U.S.A. ; and in 
local areas of
Africa, Australia, the Caribbean, and the Middle East. 
 Black gram (VAgnva

MUPNlo (L.) Hepper), 
a close relative of the mungbean, is cultivated in India,

Thailand, Australia, and other countries of southeastern Asia.
 

The mungbean is 
a short season crop adapted to multiple cropping systems
in the drier and warmer climates of the 
lowland tropics and subtropics.

Temperatures of 28 to 300C are optimum for seed germination and plant growth.

Flowering in mungbean is photoperiod and temperature sensitive being delayed
by long photneri ods and low temperatures. The munybean grows best on 
a deep
loam or sandy 2am soil. It is relatively drought tolerant, and iA favored

by dry weather during 
 pod ripening to facilitate seed harvest. 
A symbiotic

relationship exists hetween the mungbean plant and the cowpea type 
or cross­
inoculation group of soil rhizohia. 
Economic yields are frequently low,

resulting from low genetic yield potential of the varieties grown, disease

and inse.t damage, unfavorable cultural practices, or 
a combination of these

factors. Mungbean is 
usually given lower priority than the cereals in

allocation of irrigation water or fertilizer, and cultural pract 
oes are
 
inferior to tihose 
used with the staple cereals.
 

While grown principally for its high protein seeds, used as human food,
the mungbean plant may be utilized as fodder for livestock, or the crop may

be incorporated into the soil 
for soil improvement purposes. For food, the

seeds are prepared by cooking, fermenting, milling, or sprouting. They are
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utilized in making soups, curries, bread, sweets, noodles, solids 
and other
 

culinary products. Among the pulses, the mungbean is favored for children
 

and older people due to its easy digestibility and low production of
 

Protein content of seeds averages around 22 to 24 percent.

flatulence. 

Mungbean protein is comparatively rich in lysine, an amino 

acid deficient
 

in cereal grains, and deficient in methiomine, cystine, and cysteine, amino
 

A diet combining mungbeans and
 
acids found abundantly in cereal grains. 


cereal grains compensates for the deficiencies in protein quality found in
 

either grain alone and provides a balanced amino acid content.
 

Research on mungbean was much neglected in the past, but has 
expanded
 

to 15 years. Currently, research on mungbean is
rapidly in the past 10 

the Asian Vegetable


conducted extensively in India and the Philippines and at 

An International Mungbean
Research and Development Center (AVRDC) in Taiwan. 


Nursery started in 1972 at the University of Missouri, Columbia, has, since
 

The First International
1976, been distLributed and coordinated through AVRDC. 

mungbean were
 

Mungbean Symposium, during which current research results on 


held at Los Banos, Philipines, in 1977. Nitrogen fixation
presented, was 

is being studied aL tho University of IIwaii, Nitrogen Fixation of Tropical 

The munqbean is used extensively in 
Agricultural Legumes (Ni fTAL) project. 


hormones, growth regulators, and various
biochemical studios of enzymes, 
There has been no major production research
plant metabolic processes. 

Yield
 
breakthrough with munQbgan such As occurred with the dwarf 

cereals. 


the future will most probably come through a combination ofincreases in 
small advances in several production inputs. Increased extension efforts
 

are to
 
must go hand in hand with the advances from research if farmers 


benefit from the new technology.
 



II ECONOMIC IMPORTANCE
 

The mungbean is a leguminous species, or pulse crop, grown principally
for its edible seeds. 
 The pulse crops, in 
addition to nungbeans, include
several species of legumes with edib. 
 seeds, such as qarden and dry beans
(PWHcOSc5 VtaCqV'I. L.) , lima or butterheans (P CtiAUS .), broad bean(Vicia /aba i. ) , a rden pea Su I..) , chca(Pt 3aNtu' (Cfce, a.{e.t uum L.)lentil (Ln.3 c.Lua&s MeJ P.) , Ivon pea (OCatja, Cajan (i ) fith), cowpea
([igna u9uLL atta.C, (L.) Walp.), biockg:, ([igna MU gO Ho ;I er),i ad:;.ii:i bean
(Qucjta aughiytta s (Wi lld.) Ohw.i 3118 Oiiashi), aInd nr tothers esser importance.
Mungheains and ther ulses a re a:;o r,. ,,rec 
Ito as gri in 1equlnes, al thoughthe latter ter- us ually eIcompla,';ses a wider ranqiu of species, including

soybeans U < W)
(OynC et (I,.maxMerr.) and peanuts (AvachkL.h(pL O9a L.), which
 
are grown Irincipal]y : i ]iseed crops.
 

use cros have trAditiThe ,llylvprvided an economical source of
vegetable protein 
Food. Thu ]a rqep.f producti on and consumption of the pulsesoccur in those c ,untri o' or 'reqi .1s wI lu:-n the econ omy does not support largescale production on animal prntuin, or with 
those people who prefer a vegetable
protein J.n their diet 
fo cutualti 
 or economic reasons. Because pulses supply
a cheaper souIO (3cep rotein anof than irmal p.rodoucts, about 80% of the pulse

production is in 
the dove 1of)inq contries. But the current high market price
oF mungbean in the Piliippines and other Southeast Asian countries is changing

the image of mungbean as the "poor man's" meat.
 

World Production
 

There are 
no official statistics on the world production of mungbeans.
Accord nfg to the 
 ""AO Production Yearbook for 1978," (Food and Agricultureorganization, 1979) the world total, 
area planted to pulses is 
82.9 million
iectares (N) with productioll of 62 mi.lion metric tons (m.t.). In the FAOcomp 
lation of statis-tics, munbeOl produlct-I1(l is icl -]uded under "dry beans.'
Iln .97H, the area plantod to dry loans 
was 
29.o million h: with production of1.7.2 mill ion m.t. The FAO dry bean ci., it i c;l21i- "Pfiad5 vufgtaCVLii C Icudo:.P. Cunatus, P. ,,da ta, P. ncngo, ,uid P. antqtc a.' S." (The tthre lat ter species
are cur-ontly cias&F 
id Ln oo the area 
thie :lll; P 1 J1 I.) ['lc proportion ofplaitoed to dry beansl; t hat is ,ccup ied 3y munlghean i:- not reported. Soybean
and .eanuts are nut included .in the FAO puse
soproduction statistics. Mungbeansare often planted aftor cereals for home consumption, or growl as qarden crops,and someOf the ac reage Or production for these purposes may have been omitted 

in compiling of Hc.i ,il.PAO statist ics. 

Intorinarmtion cL.lected from various sources on mungbean production in the
most important mungbean producing counLnies, is summarized in Table 1. Fromthe data available, world mungbean- production is estimated to be around 1.2
millin m.t., harvested from 3.0 
million ha. This production of munghean
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Table 1. Mungbean Production in Selected Countries.
 

Nalampang (personal correspondence, 1980)
 

Country Yeara Area Seed Yield Production Source 

ha kg/ha m.t. 

Australia 
Bangladesh 
Burma 
India 
Indonesia 
Ian 
Japan 
Kenya 
Korea 
Malaysia, West 
Pakistan 
Philippines 

Sri Lanka 

1978-79 
1970-75 

1975 
1977 
1976 
1977 

1979 
1979 
1973 

1974-75 
1975 

1976 

5,922b 

15,204 
108,540 

1,940,000 
147,449 
27,500 

100 
9,934 
6,212 

70 
70,000 
39,320 

8,340 

380 
663 
439 
309 
468 
550 
100 
450 
891 
450 
429 
550 

544 

2,250b 

10,081 
47,676 

600,000 
68,971 
15,129 
1,000 
4,470 
5,524 

32 
30,000 
21,617 

4,540 

Lawn (personal correspondence, 1980) 

Islam (1978) 
Haq (1977) 
Tiwari (1978) 
S'maatmadja and Sutarman (1978) 

Amirshahi (1978) 

Konno and Narikawa (1978) 

Waite (:oersonal correspondence, 1980) 

Hono (personal correspondence, 1980) 

Abubakar, Haron, and Aziz (1978) 

Khan and Shakoor (1977) 

Catedral and Lantican (1978) 

Vignarajah (l978) 

Taiwan 1975 4,300 660 2,840 Calkins (1978) 

474 20 6 ,1 3 1b
Thailand 1977-78 4 3 5 ,1 5 3b 

Oklahoma, 1974 Census of Agriculture
1974 1,835
U.S.A. 


Vietnam (South) 1967 30,560 650 19,920 Thuy (1969)
 

aThe latest year for which production figures are available is used.
 

bIncludes mungbeans and blackgram.
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would be about 2% of the world production of pulses, 7% of the production of 
all dry beans, 18% of the production of chickpea, and about equal to 
the
 
prodaction of cowpea or lentil.
 

The ma]or munqbean production area is southern and southeastern Asia,
from Iran ea;tward through Pakistan, India, Bangladesh, Burma, Thailand,
 
Phil ipiines, and Iudones ia. Pour countries in this arc--India, Burma,

Thai land, and dnoies ia--iroduce almost 90 
 of the recorded world production.
Estimates a.re n t avaiilable on p roduction in China, U.S.S.R., several countries 
of. smtheast .As;i a and adjac'nt P cific Islands, the Middle East, Russia,

Centryi and Sat.LI America, "r Africa e:xcopt for Kenya. Outside of Asia
 
inunyoaIm; aye e x Yte te Firom 'eru, 
 Kenya, and other east African countries.
 
They are Cle:qontly tound .in 
 local markets in African and Car ibbean countries
 
where ori ental1peol e are ]ivinq. They may be grown, also, as garden crops

in many ofl these coluntries. 

Production,- by Countries or Regions
 

Austr.a Iid: Munqbpan is grown in areas of marginal summer rainfall in New
South Wale-, md Queensland (Lawn, 1978) . It is a minor crop, only 300 ha were
 
p1lanted in 1971-72, but the t:otal area planted to mungbean and blackgrain

increa;ed to 15,350 ha in 1977-78. The increase resulted from a search for
a1torn ative , 'ops t" dve vsi fy Australian a riculture, the hiqlh world demand
 
for hiigh rotein Co1( and 
 foods Luffs, and the economy ofo orowinq a cr0o
 
whicl de; not ro'li r- :ni.
troylen !ertLizr (Bott and Kinqston, 1976; Lawn
 
and Russe.ll, 1978). in 197H-79, plntinq was 
hindtered by def'icient rainfall
 
and )ri:ces were lower, s" t.he ar-ra ]ant:od dropped to 5,922 ha 
 (Lawn, personal

communica.tion) . B] ackg ruin rocumis huri h yields than Inunqboan in Australia. 

B~anq l Ps.Q: The Imlses rank t!hird aft:ecr rice and jute in area planted.
.*1ulagbein .:cchnts for mv ,o5of the pulse acreaqe and b}dackgram occupies

161 (I ulam,1978). Althemn Favored for its quality, acreage of mungbean
 
is limited by As susce)ibility t) water-logging. It is generally planted

af~ter paddy rice.
 

B o<'!! t rma W th, tourth ranki.Inq country in lroduction of mtngbean
with 108.5 t lmw;a ha (Hq, 1977). Among the ul]ses grown in Burma, mungbean

ranks hi.-, 
 ,ftr chick a and lima beian, occupying .;1.42. of the area pLanted.
Black 1,l is1planted on 29 thoulsand ha . Both mungboan and blackgram are 
grownm aftLr rice, often beinj broadcast be fore the rice is harvested. 
Munchboail isriV oth fo (i-mrst c use 111d eXprtl. 

Ilia: India. is the world,'s !ie,di( q country in pr1coduction with 1.9 
million ha (Tiwerl, 0978). In India, mungbean ranks third among the pudse
clroeps, after ch!(in,,ua and pip,',m; wa (C. .Singh aw( Yadav, 1978) . Mungbean is 
cul tivate in .all "f the stales of India, but ]arqest ,roductainn is in Orissa,
%ah, mrlimh 1 , in'! Ahi lir 'ridr;h (i. k ioh, 1osh , annd 'Ihomi-;, 1970) . Duo 
t. the Ii vers ty in I1,udi cmv i.-ment:, the crp ( may be ; rown in anvy month
 

t2 r i n
of We yea (ne0 arcea or alnoth-ier . The major prolduction coaIflOs frnmn munjbean 
planted alfter rice and ,ruwi on resiidl] moisture after the rice harvest. 

http:Russe.ll
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Multiple crii: 01 with iunl(lC,.iii during the summer season (March to May) i; 

increasigii as low early mau: Yilq varieties are developed and moru iJ1i ,atib)1 

water biecones avalab]e. [iThe crop, is' -'min jIiiipally for dome'stic use-5 . 

Indoiie:ia: Mi:iigean l.odlueti n incre ised 6(O'T, 0between 10 aid 1976, 

,iid it now ranks third amk.nir the grain legumes grown ini In done:s ia (A:;omaatmadja 

and Sutarman, 1978). As a country I ndonesia ranks Lhird in produLcion. 

Mungbean is g rown foir domestic use, much of' .t b:ei ng coin-;umed ii the fto-m of 

"porridge. " 

Iran: Munibeai ranks fTifth among the food leg umes in Iran, withb an 

estimated a rea of 25 to 30 thousand ha in p roduct ion (Airiishahi, 1978). 

Mungbean is cultivated an the Central I'lateau, and in the southeastern and 

southwestern areas u F Iran. Mu ;hea i ils grow n n I-JFin;ds for domestic 

use, particular ly iniong low incume peop le, who eat it with vegetables and rice. 

Japan: F'rd, tci L.<15in ns ig ifIi can t les! i to a stronq market demand. Use 

i s detpenden t.,on Ova.(Vt1 .and Burma, ch coisumedut i F in Thai and wic are mostly 

as bean saprout. (Konno and HIa rik awa, 1978). Blackqram is tpreterred to mungbea r 

for bean spJrot:s in Jipai. 

Kenya: Mii i i)eais are y,-,duced For domestic use and exp!o rt (Acland, 1971). 

Estimates otFAre. lan tedl aid prod ic t..on were obtained through provincial 

officers (n foui priiovinces whore munqban riroduction 1s Isnos t impor tant. 
Kenya is an im!por.mint source of U.S. imports. 

Korea: Mungbean is a minor crop in Korea, the area planted being only 

2.5%of that planted to :;oyeamis. Mungbeans usually follow barley or wheat 

in the croppin; system. 

Malaysia: Althouqh mungbean is generally available in local markets, 

traditionall] they/ have been imlorted, and production is neg.ligiblbe in both 

West- and East Ma laysi.-a (Abubake r, Ha ron, and AzM:, 1978; Tsiun , 1978). 

Middle East: 'h11e0re are no available estim,ites on mrngbOaiJ production
Mi.dI ii.though WIi e countries.n the Ea-t, mungbean i- r In lan otrh r 

for domestic use, and re.cords show ipo)ortat ion by the U.S.A. from Turkey. 

Pakis :,an: Mun-laoan ranks third amona liie crop- in aki..stan ifter 

chickpea and pea, but occupieso ,y 51 of the to tal area Ilanitd to pulses, 

compared to ,'-' fo r chii ck.yer is (Kh~ni iAnd S. akoor, 1.977). M1.1iighean i.ns usually 

g irownm as a sIimmer cop} (['obhri ia iy to Jilne ), but may bec grow ,as a rainy season 

cr0op (July to Noeveiibor) . The rod uctli(i is Or,dmes i use. 

Peru: Mu.icoi ai c(minrcia .1 crop in. the Nor thw s-t Coastal area. No 

production s-atiptL ic s are avai laible. 'eu is a iijor source oF U.S. imports. 

Phi.Ip. 1 pineo. : Muilbin -is a l-Avoi:ed pul. crop i n the Philippines. 

Production i, been relati, vely constanit in recent years, but is insufficient 

to meet domestic needs (Pal1", 1974; Calkins, 1978). It is usually planted 

as a dry land crop following rice. 



Sri Lanka: Muncbean is the preferred legume in the national diet butit has taken second place in cultivation to cowpea due 
to diseases and low
yield (Vignara-iah, 1978). Market demand 
is not met by local production
(Fernando, 1971). Efforts are being made to increase domestic productionand reduce imports. Blackq ram hias increased in production, a.ong with cowpea. 

Ta] %,a: Mrlqbean is a muinoer clh ini, Ta iwan, 1)t demand is' high with 80%of the n(.Ii' t- b inq met by ilpiortst (Park, 1977; Cal.kins, J978). Themunqbean in yrn,wn ini"n intensive multip] 
croppin
1 system, usually in spring(March t, May) h oe rice. Mnqzean is a poor competitor with other crops

due to iLtie niuti lity.,,''yie].
 

Tha_ iln 
 'F:
Thail and ranks second in productiol of munybean after India.munabcgan 
I the mai t'r tul se cro, in Thai land. rile area planted increased
from 31 
 tu 135 t ohmd hect .rcus between 
1961 and 1977-78 (Na]ampang, 1974;L978). 
 Ovr 661 v, I.1 munbeanzs are preduced in 
four provinces in
1 the
Northern-iP.
 IanjtWLl Reqicns ({humi]ratana 1978). Current reports, combine
mtluntbatAnd rI inb!.ttd'k m 
 producti.on staLis'tics.
prnductin About 0110-thirdis '': I 'ti, Uizktinq ThAiland af thethe rd-jor exporter e- nulligbeanhIi ck q ram. T h,. ch , is Iu%-ewn in 

and 
t:hrae seaslon:;: (a) early se1ason (April toMay) withi fFiv utm ust,"n ',i.ns, (b)

atftofr 
end ol' rainy season (September to October)no:ia uK1. A cias, and (C) t tr ri ce (January to Pebruary) in low­land ar-a_. .'!ot t to'th i -..5 o f the production is from the SepLtember-October 

alnt 1inqs 

U.S.A.: 
 r hdicton is iin tWe states of Oklahoma and Texas.Crop and Livestuck RPetruinq 
The Oklahoma
 

Service has discontinued mak.ng estimates of
production, but 
the 1974 Census of Agriculture lists 1,835 ha harvested in
Oklahoma in 
that year. The quantity produced is 
not reported.
 

Vietam: information is available only from 
 SoutL Vietnam before
reuni ficat iot There,tnunqboan was the majo r pul:se crop with cul.tivation

principal.ly in tWP Souteli rn Lowlaid Region, withle; 
 ser production in
Central Lowlands 'Ad the
the Central]Hjghlands (Thuy, 1969).
 

Other: Althoiuqjh seid.]om reorted., mungbean 
 is grown in several areas of
Africa. Exp-orts to tle U.S.A. in recent 
years have been received from Kenya,
Malawi, 
South Alcica, and other cout:ries. 'Ihe mungbean was probably
int:roducecd t 
A -i:,ib' oricntal i luttmi.C.rants. In the Carribean area, mungheans
are so et trie'- ,1owi 
 as, ga rden cros. 

Prodhuction Felt o i.Markets andtdExport 

'ostlunI L I' ',1)dulot in S(u1theast Asia are produced for homeCoi isuni t)in W W-tt .C].]ma rkets.i:o Pecausu yields are generally low andunstable, I-lnut 
 i 11(1 ti-)imi qtitwide]V season to season with 
fluctuationsit inid :-111,elir ct 
in 

'li it i fa ttrs, htlket sulj, y and11 )riceal;, wa'.ry. ',ii"P n in, na 
siM e of pl 

cocive, ot]y minor conside:at;ion in decidi igi(ts 5"f.1home, consumiption, itP, is;im)or7t intini detel-minilg the
amount or coutmih 1(2 j a product ion .- the prodtuct:ion input-s 
that will be 
to obtain h i'n<ue.- yields. Ex:ansion of 

expunded in efforts 
the mungbean
 

http:principal.ly
http:producti.on
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1735 ha in 1974-75 to 15,350 ha in 1977-78 wascrop in Australia from 
to low summer rainfall and by low prices.checked in 1979 by low yields due 

Thailand is the major munghean exporting country in Southeast Asia. 

Although second to India in pr)duct:i ,n, domestic consump tion is much smaller. 

were 49,800 m.t. C) mungbain and 30,600 m.t. of blackqramExports in 1976 
Taiwan,(Nalamiang, 1978). Most of the munihuan exports qo to Japan, 


but siii ficant. quatities go to
Philippines, MA laysia, and Sin,qaor, 

Europe and North AmericaI in addition. Flnckgram ex: rtts qo almost entirely 

to Japan. Due to t he strong Forei qn mareket demand , the fa rm price in 

Thailand For munqhoteai inceasod f-om $177 (U.S.)/m.t. in 1975 to $352 in 

farm lpricc, the area planted to mUlnbean and black­1976. With the hiqhur 

qram in Thai land nen-y doublcd From 1976-77 to 1977-78. Export p rices 

remained high, beinq $350 to $400 (U.S.)/m.t. for munqbean, and $150 

(U.S.) im. t. For blackyr am (Na lanpa-utq, pcrsona1 correspondence, 1980) 

About 751 of the munqbeans used in the U.S.A. are imported. The 

originating country anid the quantity of imports for the years 1977-78 
imports were received fromand 1978-79 are listed in Table 2. Major 

of the mungbeans importedAustralIia, Peru, Kenya, and Thailand. The cost 
in 197H and $587 in 1.979 (U.S.D.A., Foreign Agriculturalaveraged $671/m.F. 


Service, perIsonal corrospondence).
 

Table 2. Imports of Mungbean into the United States. 

Quantity Importeda 
Country of 

1977-78 1978-79Origin 

m.t. m.t. 

36 688
Australia 
China, Peoples Republic 41 12 

22 3Hong Kong 
66 5India 
279 310Kenya 
41 3
Mal awi 
310 361
Peru 
0 10
Sri Lanka 


South Africa, Republic of 0 6
 
1 19
Taiwan 


202 236'Pha.i land 
0 10Turkey 


15 65Other 

1013 1728
Tota 1 


aUnited States Department of Agriculture, Foreign Agricultural Service.
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Economics of Mungbean Production
 

Mungbean is widely perceived to be a low production-low income crop.
This viewpoint affects production procedures. The low production syndrome
results from several facto:s: 
 (a) low genetic potential in native varieties,

(6) yield fluctuations due to drought and floods, (C) losses from disease and
insect pests, and (d) poor cultural practices. Because yields fluctuate
widely, cultural procedures requiring even moderate investments of labor orcapital are practiced infrequently, thus contributing to the vulnerability

of mungbean to succumb to unfovorable natural 
 hazards. Throughout much of
Southeast Asia, muugbean is usually planted at the end of the monsoon 
season, followinq the harvest of paddy rice, and left to grow on soillargely exhausted of its fertility and moisture. Only minor control of
 
weeds, diseases, or insects is normally 
practiced. 

A study was made of the economics of Asian mungbean production inThailand, the Philippines, and Taiwan (Calkins, 1978). The comparative
production costs per hectare for the three areas are given in Table 3. 

Table 3. Comparative Costs of Mungbean Production in Three Asian Countries.
a 

Thailand Philippines Taiwan 

Number of case studies 108 161 73

Average field size, ha 
 2.14 0.79 
 (0.2)
Yield of mungbean, kg/ha 
 268 334 800

Production cost (U.S. dollars/ha) 
 $37.7 $191.6 $435.5

Income (U.S. dollars/ha) 
 $40.2 $154.0 $453.7
 
Net retuin (income less cash expenditures,


in U.S. dollars/ha) 
 $34.1 $43.1 $109.1
Labor (hrs/ha) 200.1 318.3 651.0 
Proportion of production cost charged to: 

Labor 
 58% 29%
Matarials (seed, fertilizer, etc.) 22% 

66% 
24% 13%

Capital (interest, taxes) 20% 47% 21% 

aAdapted from Calkins 
(1978).
 

Climatic conditions were similar for the three areas. 
 In Thailand, mungbeanin the area studied is grown in two seasons, one beginning in April with the
barly rains, and one in August with the monsoon rains. Field size is
comparatively larqe and labor requirement per hectare is low, compared
the other locations. field 

to 
is low due to a low level oF 1tduc tion inputs.

In Taiwan, most munqbean Ls c rown during the hot-d ry seaso5,n (March to May)
ahead of the monsoon rains. The crop reui -es i uri qation and has a highlabor requi rement. Yield is high due to the intensive production inputs.
In the area of the Philippines where this study was made, mungbean is 
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Phie]d size, labor
generally planted in Deceinler aFter lowland rice. 

to the 'Thailandand Taiwan
 requirement, and yield were intermediate 


The net return from munqbean (gross income less cash
 locations. 

lowest, and
 

exp)endi tures) was lowest in Tihc .1aild, where yi el ds were 

in Taiwan whr yield.s were hi.,clhen t.highest 


-n was for labor,
115 ieii Thai Land and Taliwanro httioi 


req.uirinlg 58 anid 66, respectively, of the total:: expenditures. Of the 

t iti. Althouqh 

'Phe maj 1 :' 

expe'nsive. iyr ojlu
labor costs, hd,,rves,tinq was; tie most sin 

11 : wi'il- aLe 
both the ihfiOUlt W aboriI iticdItI Jrow the crp ;ll 

hiq1 'i'I. Laior C -ts
 
were hiqher in ''aiwal, they wereo -Sli t by 

tile thi li iitien, but AN waIs; f t by 
were proporti on ly.1'lower in 


'.Iilar
oiI and t r 'rtil~ivwas i 
higher ,cai talt iOnditre. TeI cost- ofo 

it vi,'mcnt (0- productioi
three ,) t-.il;. The !-,ti'!dy suicsL.< t i.nurl 

at: the 
to obtain iqlh r yiads wtIlld i1 -.o ; l ite eI115u1s, 

ioractices iin Thai [Andf 
I vel 1(.!lott ., L2 sII ly-

I H t,Laint at IowIdb1 ,- CCr t; -s<in . maIi ..I Liu 
i e ill
,'Jt
the rrett Ut0 r 1We hIl: 1 hot )-g

is OE Inlterest Ht nIIOL 
, wh ro mn b,.n i,n i's, l 011under
 

Thailand h l i Tai'an. In t:he iii ppL it 
­

. nllt tiL ch It. ,t tt d 7t,,li tOIL i , nll(
nln'-lb (2 tilc 

ca i A...I Woiuld rovide 
uonditin , .ilhl io ssF; 

r"I iiuM km n t n Lt;of
1l. ogty L incr'etase yiel iij 

highier rtrrn.s. In 'iti,.il, diit to th SIl 1il {-tifarm Aine, h i gh M.tuli; per 

"..1 per of l.ao)r, hence 
rlit of .],tiU is oer2 iupior.,tlt Lihiji tii iuLurTni unit 


technolo y is ossenti.l.
a hiqig pin(i wi ti.i on 

the above study was 
In Thailaind, the Lhiliippines, in Taiwan, where 

arte small ald poth iot:n panLic(is are niolt hiql y me_,chanized.
made, Fields 


is, Ir u wit ih hilbliy lnech,lt .iz(,t 1 ,
; Tltl!!--dA.
In Okl-alo mla, U. .A., IlullJi WeaI 


n anl eCono.)0ic- aalysis of

includiw l combinOr ha ve: inq.I i n utI qheant(2llpractices, Gk] ahomn , tLh, cos':t an~d ruklri'v 

<; 
i,-t]<\

prKoJuctiull
inl bea:n)(&l i n 

c, iparcid with , winqllwhi1.Lt 
in a doulib e optiil.; -StLn i Wh i'i.t w<,'-


iFor the p~eoi, : t i.ed, the return
 
(Tomi. ,.i. , i icou, 196P). Wl~~ Cmlrinut2( cropqi Pll W ade -m aalone llll!b-'lkn! '''lg ;se ntiall]f~or land, ].,1>-., al~ 

1 "iIor ite,i l0l 'll( i' ou(-i i 
ll 

o m I Ill(.;) cll 
oft wht' I ; Iwheat ! ll! . 

" 1 o t:,in d froim jlrowinq onily
aI it! iii i r to 

prov ided a ''L n t i I h i-land il it iori t- tihit. 

,1iid sel tol
io, izihlit ,c oporat t il,

t i"o I cost 01 Jii ne odt( .i.n IlllJbu-ali i-,w ahot. A,.ii N"( addi ti YK, m,"Okui n ry .w1,i;qrowing_ iu!( Tiltlnuouw;nl. 

inrvy u!;ed for what . Ho ai1.t.e-iriItive 
p lan1tled .uid hairu,7estd wih the n;tio macl 


Culrently

for the ]lnd was 000 si1ru1 d I I mLiviiitI1 was 11ot I lat-,d. 

use 

mungbean coin! Lospewi. th soylb'aIs, athiqhil incolie crop , ior ,ap lace in the 

rta taiOl. 

Aliise is to find a prodluc ti.on 
need in.all pioductiAln im11portant -o c - e d


ri sks a s ittLL
that will ,live more ;tabi;] yitelds antid 17educe

technology 

wAll t , iri beciein 

with the erratic p1roductioll o- mntiiij.bu. ThIbis of
 

diits,
cultu.iral.obtai tailicet to ii timprovod vat:ieti -, tii ae pt impnt.edv,,Inutilitly tproqrams,
prlactices to iedc(.c loss-:es". FromJldrouqht , 

oW ,l-icientll :tr, nls ofi rhli:-'hia, <and<rudhu't-i,,n nft ],.s: Froin
 
utili:.a.ttion 


urvt; to ._ K.iba!; Yl-< ii livu t:l ivcw the

andi( M t-qt Unlifo(rmt mn~
mu:: .
diseoases<-


litii] 0 '57i0.' tO li':. Another 
le I l llo t hli )7lbf-ll .i lIsle pr0fi

for hiurve:; in,] ,.,)io 


theJ I],V O li ,, ,ill e -icin01 it.tlarket sytem5.11 to hantle lrtilnbeciin
 
need i.s 


homie co lls;umtion. The 
growl in 11 Lutities above ti hat needed for local 


st orage ofteniimtle.. farmrs to sel1 at: harvest
 
losses incl-old il -anm 

time at Ueuce [,i -'.cs.
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III HISTORY, CLASSIFICATION, AND DESCRIPTION
 

History
 

The mungbean is native to the India-Burma area of Southeast Asia and
 
was included by Vavilov in his 
Indian and Central Asiatic centers of origin
of cultivated crop plants (vavilov, 195]). Production in ancient times has
 
been verified by discovery of carbonized grains in a Chalcolichic site ill

Madhya Pradesh state of India, which were 
dated 1660 to 1440 B.C. (Vishnu-
Mittre, 1974). 
 But mungbean was not the earliest pulse crop in cultivation 
having been preceded by peas, lentils, lathyrus, chickpea, and others.
 
De Candoie (148G) pi ted to the use of several vernacular names for mung­
bean in Incla as evidenice of cu]tivation for one- to two-thousand years.

Mungbean has not baeii found growing wild (Zukovskij, 1950) , yet it has
 
been cuitivated in 
all states of India, Burma, Ceylon, Iran, China, and
 
eastern regions of the Soviet Union since early times. 
 From Asia, mungbean 
was carried by early Oriental immigrants or traders into the Middle East,
the Pactfic Islands, Australia, East Africa, and the Americas. Outside of
 
Asia, there has been only limited cultivaton as a commercial or garden
 
crop. Mungbean was introduced into the U.S.A. during the latter part of
 
the nineteenth century, but commercial production was not started until
 
during World Wac II when trade was 
cut off from Asian countries.
 

Classification
 

The mungbean is classified in the Order Leguminosae, Family

Papilionoideae. The botanical 
name currently recognized for mungbean is

V1gqa taUliatta (L.) Wilczek, and for blackgram, a close relative, Vigna mungo

(L.) Hepper (Verdcourt, 1970). Nomenclature of the species has been
 
confusing. The names PhaleoL ladat S L. and P. atus!u Roxb. have been
 
used extens 
ively for mungbean and P. mIuigo L. for blackqram. In recent years

taxonomists reexamined the distinction between the genera Phaseo.us L. and
Vigna Savi which was based on the degree that the beak of the keel was
 
incurved. 
New evielnce suggested tLhat certain old world slecies placed in

PhaseoCu5 by this criteri on were mo re closely related to species of Vtgna 
than to tie new world species of PhA 5co[ut . This led to a change in the 
taxon orf mungbean, )]ackgram a-td (the r rel td(l Asiatic species formerly
classified in Phaso0%d 
L. to V a Savi (Verdccurt, 1970). The change
has been supported by pollen grain studies (Taylor, ]966), electrophoresis
studies on seed prlotleins (Sahai and Rana, ]977), and seroloqical evidence 
(Kloz, 1971; Chrispeels and Baumgartner, 1978). 

While accepting the 
taxon of Wilczek for muncbean and Hepper for
 
blackgram, Verdcourt (1970) recommended three subspecies designations
 
for Vigna LaCtCa as follows:
 

Ii
 

http:Phaseo.us
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Vigna Ia ata (L.) Wilczek
 
var. tadicLta ( For munqcban)
 
var. 
 WW&bdca (Roxb.) Verdc. (formerly Phz fwt subtob(tL Roxb., 

P. t,,NMNtcSlA' WiP.ht and Arn.)
 

var. gCQab,'La (WBom).) Ve ridc. (formerly P. iQbCaL Roxb.)
 

The 	 change in tx :ca of imUngbean and related species from Ph, .eotu5 to V, cjna 

Department of Agcr-culture (Gunn, 1973).has been adop-ted by the United States 

have many comuinn iamus , (Chatterice andBoth nu1nqgbeaii and b1 ackqram 
For mungbeanRandhawa, 1952; Internalinal Seed Testing Association, 1968). 


these inclule mung, mou g, monqo, mun0go, and qrecnqiram; for blackg ram, urd,
 

urid, mash, and mungo. Mungbean and blackgram, are often referred to as the
 

Asian grams.
 

Description of Munqbean (AmVi itaO (L.) Wiczek) 

The munghean is an annual, semi-erect to erect or sometimes twining 

herb, 25 to 100 cm tall (Hooker, 1879; Prain, ]903;''Piper anddeep-rooted 
Backer and van den Brink, 1963;Morse. 191.1; Ochse and van den Brink, 1931.; 

1974; Brcak, 1975). The stems are branchi.ii; frum the base andPurseglove, 
The leaves are a].ternate andcovered with cinrL fine- brownish hairs. 

trifoliate, or 5cmu times with fiye leaflets. Leaflets are medi um to dlark 

green, broidl' 'm,,.to, somectimes lobed, rounded at the base and pointed at 

2 to 10 cm wide. From JO to 25 floweris arethe apex, 5 t" 1Z am loi,, ntl 
brightborne in axi [1cv clu ster on racemes. The 1]icwers are ,rueni. to 

yellow, with jire y tinqgou keel, I to 1.75 cm in ciiaiiitur. Thc seed pods, 

wh.ich radiate h ivontllI' in whrls, ai(. civtilliu:l, ,t1-ai hit to strongly 
or haveWhen the 1 

brown t"c lack, 5 to 1]. cm lonq, and -I to 6 mm wide. 
curved, and ,,pecointdc at toe tip. 	 inatuii-e, pocds; are qibrOUs 

short hairs, tawny 

Lc ) er cod, are nearly roun1(d tc Mblong .; luSF;y or dull;
Seeds, borne 


y 1llow, tawny b :own, b.ack, or inttt testae. Dull seeds are
with green, 
with ,a lay'o.- of the od inner membraie whichj1 may heI ti-ilslucid or

coated 

It trans.l.uc.id, the seed
pigmented (WaL.., c' 11,imu n, and Curbi e, 1977). 


i ndeinwath. Tih t esta is
color is detemin.d y the color of the testa 

Amc cross wal Is (cv;o e, 1932A;
reticulate.l vi tbIclinro1s ine wavy ri>tqes 


15 to A5 mci, iveraoinq 2i5 to 30,000
Watt and Mareci.l, 1977). Seeds weigh 

urst open
seeds pei kg. u11hii.lum is round, fiat., and white. Pods may 


are

when dry, shaitteLing the suh. Seed germination is e;i al. F.'lowers 


self-fert Ie and hiqchlly selfe-p.,lli.nated. t lOweri is, indet erminate and
 

healthy. Pods

70 period 

does not occur. 
continues ve_ 1a oF several weeks i f the plant: stays 

mature about 20 days after Flowering. Rapd; senescence 

Black ram (iii]_a MunLflo (L.) liepper)Descripti( of 

The blackgram is ain annual, semi-crect to spreading herb, 25 to 90 cm 

tall (Pile1 and Morse, 1914; Bose, ]932B; Iurseglove, 1974). Stems are 

diffuse, branching, .someti.lmes procumbent, and cover1ed with long, dense, 

withlarge ovate to laceolate,brown hairs. Leaves a1re t ri foliate, hairy, 

to 15 mm in width, with a
entire, leaflets. Flowers are pale yellow, 12 


borne in clusters of 5 to 6
yellow spirally coiled keel. The flowers are 

http:trans.l.uc.id
http:branchi.ii
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on a short hairy peduncle, in axillary racemes. Pods are short, erect to
 
suberect, brown, hairy, with 6 to 
10 seeds. Seeds are small, averaging
about 40 my; oblonq; black, dark brown, or green. The testa is smooth and 
the hi lum white and concave. Germination is epigeal. Pods do not shatter 
readily. lowers are self-fertile and self-pollinated. Flowering is 
indeterminate. 

Differ-ences Between Mungbean and Biackqram
 

The taxoomic distinction between the Asian grams, mungbean and black­
gram, is still being studied. In Asia where the mungbean and blackgram has 
been qrown most extensivel.y, they have ]onq been considerea to be separate
.pecies. But Lmu Laxon unlsts have questioned the distinctiveness of the
 
two grois. Vic,IuIt (1970) noted that th. ire "scarcely more than
 
variants of i Richic
'tu and Robp ,s(197.1) in discussi1i the 
grain l hegum; t he low landt -rs is; ,insi.d rcd runqbcan and h ]ackg ram to

be subi)peci Cs [ILqJI( 'Uld(a'Ma, vir. cmikLetS 
For itnuribean , and mar. mlluni9O
 
for 7ckgrl-i. iniji
tom '19 ht t1exons does not rseceive support fram most
 
researchlers wl t i 
i v.it Ii L As i gratms. 

Morphol I.lacal iLinct inon } etweon mutiinqeml n ind blackqram were q.iven in
 
the above de.cripI t ioins . Iin addition to morupholog ical evidonce supporting

separate sa 
 ci. us, dif ferences have been teported from !hy t-chemi cal and
 
genetic studies. The clheillotdanolic d,-t iinction is based on seeds 
 of 1.

'Liadfltt and the' wi Id s.ibsieclo, [/ =(dt mar a. containing a
 
free dieapti te, 
 y<'t wh-ichutr,'l-H-neti\'Iin . MulWie is replacedi IC , wicl 
ho y-ilut~imo linythioniie (Ot:oul en at., 1975). In cytoin oi c, :.!tdies of the 
two species, Dliiit (19 t twtt-hL ' Vivo.A) rucjui h t sL, icus cmmon qenome 
deti qalCiti-in, ic th- , pl( of cross:;es b twocii the njv ' iive a high 
IWrC)opotrti. l W;ei i .,;'LY'.l,'.t iln L : pie''mi5 ICOe (i a partial inomp atibility
barrier se-t: iL in t I, twL specie;. ilBiatL'igei et a]. (197I) rtort muiiqbean
to have f-tn i ai ?. ]oir" wi c:ii ld 1ii medi um-llr qiith c lhno nn:oites, and 
blackqran to v I(,nq, Sx l.;hat io , ilkti uMr, and foul pa irs short: 
chrm mrN.molle: .; . >Iuiiq(,1 inand lackur mm ari- partilaly] b cross-fterti.e when 
munqben is ised a. the Wmale paenit. 

In this punblicitLon iitiinrobeniii and blackgram will be treated as separate
species. Re forences to and comparisons between the species will be made 
frequently since cultural practices and utilization are similar, and the 
two species are com;etitive for a place in the cropping system and in the 
market p lace. 



IV CLIMATIC REQUIREMENTS
 

The mungbean is grown mainly in semiarid to subhumid lowland tropics 
and subtropics with 600 to 900 mm annual rainfall and not exceeding 2,000 m 
elevation. Major climatic factors affecting adaptation of mungbean are 
photoperind, temperature, precipitation, and solar radiation. Conditions 
such as windstorms and hail can be locally destructive. HIigh humidity may 
foster develoipment 0f foliage diseases. Allthough the influences of climatic 
factors aru considered separately in the following discussion, they do not 
act in isolation. Their effects interact to produce the climate charac­
teristic of a particular geographic area and the microclimates present 
within the area. 

Photoperiod 

The mungbean is a short day plant, flower initiation being delayed by 
increases in the length of the photoperiod (Allard and Zaumeyer, 1944; Sen 
Gupta and Mukherji, 1949; Bashandi and Poehlman, 1974; Aggarwal and Poehlman, 
1977; Rawson and Craven, 1979). The photoperiod response restricts the 
latitude at which omnqbean may he grown and the adaptation of varieties at 
particular ]atitudes. As munghean is moved north, or south, from the 
equator, flower initiation is delayed. At latitudes above 40 to 45 degrees, 
flowering occurs late in the season, with fruiting further delayed by low 
night temperatures, so that the crop may not ripen before frost. 

Mungbean strains differ in response to photoperiod. While all genotypes 
will usually flower in photop eriods of 12 to 13 hours, flowering is 
progressively delayed as the photoperiod is extended. The amount of delay 
will be afflected by (a) the length of the photo eriod, and (b)the genetic 
response of the munghean strain. As the putoperiod is lengthened from 12 
to 16 hours, flower ing in some short-season, early st rains may be delayed 

only a few days , but h toi)e -iod sensitive strains may be delayed as much 

as 30 to 40 days. I ]ng ho to.eriods some str ains may even fail to flower 

(Bashandi and Pc ehIman , 1974). Genera ly, a higher mean temp erature will 

hasten flowering, or a lower meani temierature will delay flowering, at all 
photoperiods, hot this re lati onshi p does not hold fur a l strains oF mungbean 

(Aggarwal and IPoeh.iman, 1977; Rawson and Craven, 1979). 

At the Asian Vegetab.le Research and Developmeont Center (AVRDC) in 

Taiwan, 1,273 munghean accessions were screened for their photoperiod 

response by comparing tCe days-to-Flowerinig in 12- and ])-hour days. 
Screening was done by la n ti n' the accessions in the field in March 

prior to the ver.inal equ1nox and coinmlaring one l]ant-in'q 0 :.:posed to natural 

daylength, whic]h averaged about 12 hours, with a seco nd lanting given 
four hours of so; plwomenLa lighting to in crease the photop eriod to 16 

hours (MacKenzie et al., 975). Flowering in the two treatments differed 

by 10 days or less in 47% of the accessions indicating that they were 

14 
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relatively insensitive to photoperiod. 
 In 18% of the accessions, flowering
in the longer phntoperiod was delayed by more 
than 10 days, indicatingmoderate photoperiod sensitivity. Thirty-two percent did not 
flower at
hours indicating extreme photoperiod sensitivity. Four percent did
flower at either 12 not
or 16 b rs for an unknown reason. 
 Strains with low
photoper od sen ii tivitv 
are 
desired where mungbean in p:anted as
duration cronp in a short a milLtip le crpp)ing rotation, 
seasons. or for p anting! in differentWhen grown 
as a long iuration crop , strainis 
sensitivity may mature 

with low },ho toperiod
too u.arly For production of mcximum yield. 
At
higher lattitudes, photopeclod sensitive strains may Flower too late to
ripen a fu 
 ll harvest within the growing season, 
or may even fail to flower


before Frost occurs.
 

Temp erature 

Mungbean is 
a warm season 

range of about 20 

crop, and will grow within a mean temperature
to 400C. It is sensitive to 
low temperatures and is
killed by Frost. Carefully documented information on 
the minimum/optimum/
maximum tempeat:ures For muogean growth is scarce. From observations ofthe I nternationial Mungbean Nurseries, 1oeil1man (1978B) suggested that meantemperatur-es of 20 
to 22°C may be the minimum for productive growth, withmean temp'era :tres in the range o f 28 Lo MOC being op t imum. 

Munghean is adversely a fected by low temperatures being subject to bothchil.ling and 
Frost 
injury. Agqarwa] arid Po h ]man
plants grown (1977) noted that mungbeanin n 80 C mean temperlaiiture were stunt:ed, developed lesions, andwere generally unthrifty or even 
died. 
The critical temperature of a plant
species is the temporatLure below which ,rowth ceases
dies. In munbean, and the plant eventually
the critical temp'eraitur,e, as mea;ured by chanqesstructure in theaud f unct ion f c:e .luLar membranes, 
is about L50 C (Haisn andChap man, 1976). Below 15C, a the rml transition occurs 
in the membrane
lipids of mitonchoria and chloro,lasts. Another thermal transi;t ion occursjust below 2ROC which. uiggestn thMat thiis; 
may be the optimum temp'erature
growth. forWith tempert:at ures above 280C, ilcra nsen in trmansirat iin andrespiration culd offset benefI ts from 
iicreiso in photosynthesis andretard p 1lant growth. iI a pih Iot 1 on ex.fperiment with trunybeaii, Rawson andCraven 
(1979) repoi-ed that_ low i i otoperiod senshighest yields 
itive strains produced24Mat I°C t hi t jhot',ri rod sens i tivehighest yields at 

strains produced270 C. Yi(lds 
hdropp d off shiarl.y a t 30'C and 33'C meantemp e ratur-es. So far, there is ]little infFormat .i on on the effectsdiurnal range oF tomperatut-, of the 
or thie effect of cool. nigh]lt temperatures, on

growth of tlolnbean. 

Warm empe rtir is5 e1sential for rapid germiniation ofi mullgbean
Studies at AVRDC seeds.
indicate op't imum temperature for q (rmi nation to be 29310 C to(Park, perqn.il communicationi). Germination is inhilbitedtemperature. by lowini a germinat.ion study, the rat-e or germintation declinedsl.owly be.1ow 25C, dq74,ed off sharly below IIC, atd virtu,,lly ceasedbelow 11.5°C (.Si mon et al., 1976). At 10°C, oily 2, ofafter a week aid o l.y 5, 
the seed germinated


fter three weeks .'ai lF.lrof
o the seeds togerminate appeared 
to be due to low temperature inhibition of mitosis
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occur. In climates where the growing season
since root elongation did not 

free period, mungbean should not be
is limited by the length of the 	 frost 

soil and air temperatures have warmed up to 
planted in the spring until the 

around 25'C or above. 

the length of the vegetative qrowth phase and the 
Temperature affects 

during the vegetativethe mean temperatureinitiation ot flowering. Increasing 
1977; Rawson and Craven,

phase haStoCnis flowerinq (Aggarawal and Poehiman, 

sliddino is increased also by temperature, particularly if 
1979). bcut flower 
moisture is defi cient. 

s 	 one at temp)eratures up
seeI tol erated ex)osure for iou r 

Dy niigbeai retardedbut seeNinq growth wasseedliniu growth,to 700C without a -feeting 
(Vora and Pate1, 1975). This is of 

of the seed e:xceeded 70'Cif exposure 
stuuinr, when the surface 

intercest saince' munghean seed i s 	 of-ten .1anted in 
to 40 aid 50'C 

soil re ache's extrinoey hijh temperatures. Exposure of seeds 

of cracks in the raphe, thereby
to 3 weeks caused the dev]opmentfor I. 

of hard seeds a,d increasing germination (Njanohar,
reducing the number 

Misra, and Mathur, 1969). 

Precipitation ant; -oil M4oistur-e 	 Stress 

are qel e ra Ly unsuited in the wet tropics where annual
Mungbeans 

mm (Jain and Mehra, 1980). Mungbean plants
precipitation is abov_ 1,000 

and by windstorms. High humidity during 
are readily damaged by heavy rain, 

rainydiseases. Prolonged
the growi ig season increases incidence 	 of foliar 


in mal di o!f[the seeds, or even
 
periods du ci rq pod r!Aceni uq may 	 result 

not p(ossess seed dormancy.
" t he seed; in the pod as. imunqbean does

sprouting 
to black­

tlaL2 Vae wtiterlogg Idconditiions andt is Lanfet_ior 
Mtng be cdoes iot 

1977), but reasons fo(r thb d ifference have not 
in hiis rensact (!'CARB,gram 


been ex[lai.!ned. At AVPDC , mtngboan was fotmnd i nferior to soybean and
 
Varma and 

Fl" i. dWiC ran cc (lark, persona:l] commun ication).
winged bea ni 

a iA N content of
yieLds, nodulIe dry weiqht,

Rao (1975) eiort! ed nc,,;: 
to be red ice :1 at Vi,-h moisture levels.

ii 1it: experimentmuigbean pl]antis 

rant crop and is grown frequently
to be a drought tolMungbean ii; n eputed 

Iin Southeast Asia,
cond itio ns where soil. moistur7 is..< Limited.

under dryland 
the rainy season fol.lowing harvest 

p lanted at the end oimungbcan in .c; iitly 
iion idtia .soil mo istLure only. 	 But it 

of 1owland MVce, and where it qrows 

rainy season (July to i;optember), or dur i ng the hot, 
is also gqrow)- duinj the 

of the monsoon rains if irrigation
dry summer -;oason (March to May) ahead 


seed quality, mungbean should ripen during a
 
water is ilab le. For hilh 


bright, rain -ree period.
 

Soil drougit stress in pot experiments reduces vegetative growth and 

of buds (AI and Al m, 1973), and seed 
the initiation and recention 	 floral 

ir rigat i ( n emnphasize
yield (Varma aid Rao, 1975). Experimenits on time of 


drieu;! ht stress immediito.y before u.d durinq the
 
the importance of avqiiic 

DOs , and Son,are t, bu ob tained (Jana ,
flowering perriodi- opt:imum vieloks 


1975; A. Sngh and Bhardwaj, 1975; Aqa--wa1, Bel1, and Moo]ani, 1976; and
 

adverseexperiments report the 
Chiang and Hubbell, 1978). While these 

the growth stages at which irrigation water 
effects ot soil stress, and 
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should be applied to avoid drought stress, they do not provide critical datafrom which the relative drought tole rance of mungbean can be compared withother grain legume crops, such as cowpea or soybean. Some iQifoLLat [n aboutthe latte is prov.id(1e( by an experiment in Austra].ia, in which strains ofInunqbe all adi cowpe a we rc' comiparod unide r wo en vironmien ts, one wi.t-h favorablemoisture thro ugh ' t tho season, the ,oither with dri)ught str.sp during the
fruiting period (Munoomery, 
 Byti, And WI lliams , 1972). The nunqbean strainswere better a)le to wi t:hmad the drought stress, but were less responsive

than the cowp ea strainis i.n tie favorable moisture einvi ronment.
 

Some emp:1iieitl] rasulto suggest that ltingbeaii may not have the droughttolerance it is; reputei to have. [In Taiwan the water req(liremern of mungbeanwas 3.2 mm/day, wh ich equall.ed the water r tiui rement of corn and soybeans, andexceeded a 2.8 mm/day require ment of sorqhum (Nat. ,nl Ta.wan Univer;ity,
reported by Chlang nd lule 1, 19)78) I n the Phil[ ,inte the taiily waterreuirement i.s re.orted t" be 4 to 5 mmi/ty dpendLi(ing nn the tLemporatture,
solar radiation and eval,-t an:piratki: rate (]CARt), 1977). No compairisons
are reported wti oL r qrai .n1 g in either study. 

The effect of d rought stress on net pilet syntiesis of mungbean wasmeasured at AVRDC (AVRIC, 197[¢A). When lear w," topo t7ential. was below -2bars, not photosynthetic rate was reduced, ind icatigi e xt-rteine seniLAvity
to water stress,{. Soybiean and tomrnat-o were coii a Rt ly ; slose] sensitive.The apparent ttolerc.:iice to drought of mum ;beaii (rown on residua] moistureafter lowl.in rice may he due to drouglit avoi dance ra ther than to its
ability to eindur qeeatu-: drought stress; the shiri ( .(wiiiij season for themuIigbean Ilant nab ting it to reach ma turity 1,eflern residunal ' . 1 moistureis completely ex-hoaust(ed. P/ecau.e itunqbealn I ( -t In grown afto r ricedeclining on a

Su0.- moisture supply, inflotiat i.on is needed on the ability offield grown mungbean pl]ants to adapt to inceasing shortaqes of soil water
 
as the season progresses.
 

Drought stress during flowering may increase the production of hardseeds (Ishii, 1968, and 1969). Drought stress in combination with high

temperature increases 
 f]ow-,r shedding and reduces seed set. 

Solar Radiation and Photosynthesis 

Mungbean is grown both in summer seasons when there is an abundance ofsunshine and in rainy seasons when the solar radiation is diminished bycloud cover. Yet, the requirement~s for s olarc radiation in mungbean has notreceived much study. In Taiwan, munghean y i..ts i.iicreased with increases
in solar radiationi during the 30 days ft.lowin, seuetdl in] emnergence (AVRDC,1979). Clifford (1979) ohbtaiined a twoftold in crease in7 ield of mungbean by
growing in, 'right' iqhl (,5, W,'2 ) rather Mitan ',K:im' light (50 W1,2). 

Solar radiation stipp lie; t energy uti].zed i i ipiiotL0syntif.i(si. ..mungbean is a C3-type 
The 

plant with respect to photosyntlhetic act ivity. Seedyield is an end product of (t) photosynthesis (source), (5) translocation,
and (C) storage of assimilates (sink). The amount of photosynthesis is afunction of the total leaf area and the solar radiation intercepted. In a 

http:equall.ed
http:Austra].ia
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at the fourth 
study of fruit and seed development in mungbean, fruiting began 

from the fifth nodeand decreasednode, was highest in the fifth node, then 
and Sinha, 1978). Seednode (Savithri, Ganapathy,upward to the 	 eighth 

leaf area at that node 
at the different nodes was correlated wit:h the

weight 
large area which intercepts maximum light

(r= 0.85) , indi cating that a leaf 


high yields.
is needed to obtain 

that carborwith 14C labeled assimi.ates show
Translocation 	 experiments 

the vegetative phase of growth is not used in seed 
assimilated during 

carbon assimilated after 
development, the seed reauirement beinq met from 

, and Tsou, 1.978). Similar conclusions were reached from 
anthesis (Kuo, Jungc 

young mungbeanremoval of leaves from 
a defoliat Lon 	 expe-iment in which 

of stems and leaves, and de fo1.iation during the 
plants reduced develop,ent 

1975). In munqbean, foliar
reduced seed yield (Enyi,reproductive stage 

the early life of the plant (Kuo, Wang,
development is nvrmaily slow durinq 

tmre will be 
Cheng, and Chow, 197Hu) . W.ithout vigorous early grow th, 

tothe onset of l1owel .Inglu].e area (source) at.inadequate funct iona 
pod formation 	 and seed development.

produce the ass imilat<: needed during 

fruiting
Nunqbhan is indeterminate in flowering habit, flowering and 

weeks, if the 	plant rcmains healthy.
over a prroed 	 of severalcontinuing 

compet ition for available assimilates between 
Dur.ng this p;,eriod there is 

sinks. When anthesis begins, the
andI the rei roductivethe vegetative sinks 

leaves needs to be diverted away from 
ass imil te from sourcesupply of 

seed yields are to be
sinks and into fruiting s inks if largevegetative 

1979; Pawar and Phatia, 198P0). This suggests that 
obtained (Cli ffod, 


be mamde to in1creas.;e loaf area (source) prni(or to amthesis
 
efforts should 

, s;uch a; closer spacing, fe tilization, and 
by (aL) cult.uiral rcoticusC 

in whichselection for 	 strains 
insect amnd di -ea . ' Contro., and (b) enotic 

flowering, so 	that assimilate produced
vegetative gmroiwth diminishes with 

pelrid is largely partitioned into the seed. Some 
during the flcwering 


have been reported (AVRDC, 1978A).

latter characteristicstrains wi the 

and other cultural practices to increase the 
The effects of clos-er spac nig 

offset if the 	 practice resalts in mutual shading
leaf index may be partially 

and reduced light interception. 

Comparisons of Mungbean Growing_ Seasons 

that affect the production of 
Having considered the climatic factors 

examine the performance of mungbeansbe of interest tomungbeans, it 	 will 
from the 2nd, 	 3rd,

in di fferent ciimathc situations. Six examples
growing 

(IMN) are compared. Information 
and 4th Internatioinal Munlbea.in Nu rseries 

Precip itation 
on the locations and perfoermance are reported in Tab]le 4. 

in given, buit temperature data are from long 
received at each nursery Ait 

data for the exact growing 
term averages -nr tile ripentfive loca tions, since 

hoean resjspons is characterized by the 
periods were not available. 'The matn 

the days to first
eft on the 	 length ofi the growinq season,location 

means of 30 varietiesye d. All data are
flowering, h i.qght:, and sead 

The seed yields are influenced 
growing in the IMN nursery for that year. 

in addition to 
by the soil ferti lity conditions at the different stations 


The Tha Phra data was taken from the 2nd IMN;

the climatic influences. 

http:Munlbea.in


Table 4. Performance of Mungbean 
Grown in Different Climatic Conditions.
 

Location 
 Lati- Eleva- Precipi- Irriga-
 Mean Date 
 Growing

tude 
 tion tation tions Temp-
 Planted Season 


erature
 

m mm number 0C 
 days 


Rainy Season, Low Latitude
Los Bancs, Philippines 
 140 N 15 
 476 none 
 28 June 20 61 


Los Baios Philippines 140 
Dry Season, Low Latitude
15 5 (?) 25 Jan. 9 81 


Tha Phra, Thailandc Summer Season, Low Latitude
160 N 178 
 325 2 29 May 10 68 


Karaj, Irana Summer Season, High Latitude
350 N 1300 none 
 12 26
Stillwater, Oklahomab )une 3 142
360 N 274 367 
 none 23
Morden, Canadab May 30 137
490 N 311 161 
 none 17 
 June 1 181 


a 
Poehlman, Sechler, Swit, 
 wndell, and
Sittiyos (1976).
 

bPoehlman, Sechler, Watt, Swindell, and Aggarwal 
 (1975).
 
Poehlman, Sechler, Yohe, Watt, Swindell, and Benham (1974).


dOnly seven strains matured seed. 

Flower-


ing 


days 


34 


33 


32 


56 

53 

71 


Height Seed 

Yield 

cm kg/ha 

67 558 

26 169 

43 341 

40 1262 
43 1193 
35 d 
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from the 3rd IMN;
 
Los Banos (Jan. 9), Stillwater, and Morden data were taken 


Entries
 
and the Los Banos (June 20) and Karaj data from the 4th IMN. 


differed slightly in the three nurseries.
 

The locations selected are representative of several different 
growing 

rainy, dry, and summer seasons at low latitudes, and summer conditions: 

season at a high latitude.
 

Asia, many mungbean are
(a) 	 Raiyea Sn, Low Latitude. In Southeast 

a monsoon climate. The nursery grown at 
grown duringl the rainy 	 season of 

Being plant:d at the beginning of the rainy season, 
Los Banos is typical. 

and dark cloudy weather resulted in the plants growing
Pbundant rain[allthe 

and tle short hotoloriod and high mean temperature resulted in early
tail, 


a shtrt irowing season.
flowering and 


Seeding a fter lov,,land rice is 	the most a_ tude .(by) y aP..n LowL t 

procedure - for mungbean 	 in Southeast Asia. The mungbean uses 
common p lanting 

in the soil after the rice is harvested. The nursery

residual moisture 

os on January 5 received only 	5 mm precipitaton. The 
seeded at Los Ba 


res u lted in short Iants anid low yields. With the short 
moisture stres 


the total g rowing season is 	longer 
photoj eriodl, floweti ng occurs 	ea:ly, hut 

due, th lower nean templerature.
in the pcedinq exa,-mpdethan 

In India, Taiwan, and Thailand, short , on, ILow latittde.(C) Sunmo So 

to May),

min,lbean areirown durinI the 	 hot summe: (March 
season varieti.us 1-,1F 

C;rowing
multiple cropping program.
the nu;oet of monstoon ra ins inprior to 


i tri tnin water is tv''iaIble 	and its 
LIh -;sohsin is Foa.:;ible i!fmunqbean in 


(	 has a short 
igtl twit i n Lhi s seasoi.I towels early and 

use econOlml ca . Nll ji 

the hioh mcian tem[peratures

- . In Thailand, the summer
 
fruiting teritod duo to 


tumeci to utilize early
From those lin Findi. in thit 	 tney are

plantingH diffrF 

rais, ,which reduce:; the iumber of itraiations needed (Schiller and 
summer 


The' MW grown at IThi hia, Thailand, was grown under the 
Dogkeaw, 1976). 


r i i and li g temperature results in 
latter cotditions. The short phot op
 

early tlower In aIla short qrowinq rston.
 

latitudes munqbean is grown
d) Stumimer ea:) oin , I it j 	Iatudes. At high 

be reaidy to harvest before frost occurs.
 
Ier anii mstt mature ainduring the su 


to delay flowering
and lower mean t emperature s con:bine 

The long i-ottliorii i 	
fromThe Karaj climate differs 


and extend th l.enith el the growing season. 
crop beinq grown entirely
by bui;t devoid of rainfall, tihe 

that at Sti 1 lwater 

and by iiatvivi a higher elevation, tinder these
 

from irri gati(,n water, 
mm temperature
 

condi tions so lair radi ,at:iton at Karaj is higt. The mean inmx 
double-Sti 11 water. In Okl.ahoma, minibeans are 

was 330C (iNIl ar, d to 10 0 C at: 

croilpedi with wiit:er wieat.
 

el! Morden, Canada, flowerinq is delayed and the
 
At the high 1atitude 

Karaj and Stilwater. Only 7 of the 
growing season is longer than 	that at 


first frost on October 	9.
 
30 munqbean strains matured 	seeds before 

the 


http:varieti.us
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The duirna] temperature range dif fers at the different locations but
its effect on munqhean has :eceived l.ittle study. Differences between the
mean mi.nimum and mean maximum tempoeratures were 90C at Los Banos (July 9planti nq date) , 1 30C at Sti 1wa ter, and 150C at Kara ). Lawn (1979)
reorLtd t.t vi ti is o munubean diffrl:i n sonsit i vyt:, to maximum aridminiimM tmpOiat-LerUos. How this response a fftects Lhe adaLtation of 
va rieties inidifftorent: climates has not been studied.
 



V SOIL REQUIREMENTS
 

Mungbean is grown on a wide range of soil types. For highest yields, 

a warm, deep, well-drained loam or sandy loam is desirable. Deep loam 

soils are moisture retentive and light soils facilitate internal drainage. 

The mungbeaifs seldom fertilized, its growth and production, except for 

nitrogen, beinq dep!endent on soil nutrie n ts allre ady iprosent, or from 

residual fortilizers appl-li.ed to the c ro Being legume,preceding L. a the 

mungbear; can uti. Lize nit rogen assimilated iin root nwodules through a 

symbiotic re lationship with soil rhizobia, la" nodule formation to take 

place, the proper :;trin o) .hizobiaand a soil environment suitable for 

the rhizobi a to finction must be present. Heavy soils and waterlogged 

soils areo unsatisfactory for production of mungbean, blackgram being 

superior to imngibean under these conditions. 

Soil Structure and Root Development 

The general recommendation for a deep, well-drained loam or sandy loam 

for munghean is based on long experience (Roberts and Singh, 1947; Mehta, 

1955; Aiyer, 1958; Doherty, 1963; II. B. Singh, joshi, and Thomas, 1970; and 

PCARR, 1977). Aertion, internal drainage, and tilth are superior in light 

soils to that hmmd in heavy, tine-textured soils. The superior tilth of 

light soils permits rapid sued germination, qIuick seedling establishment, 

and deep root 'en0tratiOn. On heavy soils, poor stands are cnmm:'e, due to 

poor seed ling l,r in low mnungbeainoeerqencu nlLi.nq yi ulds. 

It is oft e, s.tated that munbgean has an extensive and deep root system 

which contributes to drought to L.orano. This viewpioint is being questioned 

at AVRDC alter obs.9e5rva tinLs that mungbean is sens1 Live to variations in 

environmenLa st ress caused by droujht (II. 2. Park and C. Y. Yang, personal 

conmunicat ion, 19ho). If mnqbean has an extensive root system, then 

sensitivity to moisstuire stre-,ss should be minimal. in an early experiment, 

Bose and Jqlekar (193) described two root system attelrns in mull' jiean 

varieties: (ai) a pro fuse.ly br aiched , sha l1ow root systLn, 1l t.) 17 cm in 

depth, which ti- plant dupends 1.1)q0o fror itsi moisture su.pl.y, combined with 

a sparse tap root system; and (b) a sparsely dlveloped sha1.3w root system 

with a tap' oot system whicli ie to 1.00 cm, capable drawingntrates about of 

soil moisture from greate(r so il depths. Mungbean Lstrains witi root 

cha racteristics of the first typ e would be l.ss ole to declinii ngtoles Lt. 

soil mcnisture levels than those of the second type. St di.es are nIeeded to 

characterize the root growth t.Lrl7s of reSolntly qni)Wll mllunghe}i1 varieties 

undelr di ffer17ent sol. 1 mIi. is ture levels. Comi arisons wi.w ii root devel.opInt of 

other grain lequmns grown uatoinde so. and moistureiarsimilarl struct 

situations are n1100d(d to shed light on the questio of the relat-i.ve 

drought tolerance of mullhqbeans. It woald also be of interest to examine 

reasons foi the reported superior adaptation of b].ackgraln to heavy and 

waterlogged soils. 

22 
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Nitrogen Nutrition
 

Legumes, such as mungbean, through association with particular soil
 
bacteria, produce root nodules in which atmospheric nitrogen is fixed into
 
a form available for use by the 
 plant. This symbiotic relationship is 
beneficial to the mungbean host plant by iroviding a source of the nitrogen
required for plant growth and developmenzt. App lication of zni truclen
 
fertilizer to mungbeai will reduce the amount of nitrogen fixed by the
 
rhizobial organism. The soil rceq uirements 
 for the nit rogen nutrition of
 
mungbean is thus determined not as much by the potential nitrogen supply

in the soil, as by the suitability of the soil environment to 
 support

rhizobial activity. The biological nitrogen fixation process as related
 
to mungbean will be discussed in a later topic. 

Mineral Nutrition 

(aL) Phosphorus. Phosphorus is an essential constituent of nucleoproteins,
phospholipids, enzymes, and other plant substances. Phosphorus is essential
 
for energy storage and release 
 in the living cell. It functions in the
 
formation and translocation of carbohydrates, in crop maturation, 
 root 
development, and resistance to certain diseases. It is concentrated in 
cells with high metabolic activity such as meristems, and is stored in the
 
seed. When phosphorus is limited, plants will be stunted, have dark green
 
leaves, and be low in )rtein con tent.
 

Total phosphorus content of the soil is low, in the order of 0.01 to
 
0.20% (Brady, 1974). Furthermore, in acid soils it is commonly "fixed" as
 
iron- or aluminum phosphate compounds which have low solubility. In acid
 
soils of ti-e tropics, 
'hosphorus deficiency is a common limitation to plant

growth. The limitation is pronounced for legumes, such as mungbean, that
 
utilize symbiotically fixed ni.trogen in their growth. This is 
 due to the
 
vital role played by piosphorus in reactions involvi ng energy, such as ATP
 
in ni.trouenase activity (Franco, 1977). The tendency oF 
 so is to f:ix
 
phosphorus is partially counteracted at a )HIof 6.2 to 6.5, or with high

organic matte . Yields of 
munqbean in India and C)th r tropical countries
 
usually respoid favorably to phosphate fertilization indicating that this
 
element 
 is general ly deficient in weathered soils of tropical and subtropical 
regions where mungbean is grown. 

) _tassin. Potassium has many functions in plants. It aids ill
 
photosynthesis, enzyme action, and sugar 
 and starch translocation; 

reduces respiration thereby preventing energy loss; aids drought tolerance 
by maintainiz g tunrgor, reducing water loss, and increasinq root growth; 
reduces [Ldging by increasi ng cellulose; and hel]ps t:o retard disease. 
Potassium i.s lmore abundant in soils than phiosl4h)ru; , occu rring in the 
range of O70. t-o 3.30% (Brady, 10.1). It tend. t 0 he chemi.clly bound in 
insoluble mineral] forms from whici it bacoums .slowly available Id r plant 
g;rowth as -in e-char goal)e cot i o. Potassiurn i.-; r'movcd firoi the soil. 
through crop p1.lants , and it is also lost from the soil by leachinzig.
Application of lime aids in fixation of the potassium and reduces the 
loss from leaching as compared to acid soils. Although potassium has a 



24
 

favorable effect on dry matter production in legumes, its role in nitrogen­
fixation is not fully understood. There have been relatively few fertilizer
 
experiments with potassium l nmungbean suggesting that potassium deficiency
u 
has not been csi(liered to be a seriious problem on soils where mungbean is 
grown. For myhean, it has been shown that available potassium is 
generally inade, luatu in sandy soils and soils of the humid region, but is 
generally sifficient in subhumid regions (Kurtz, 1976). This generalization 
probably appli es to miigboean also. 

(C) Other Elements. Other elements essential for plant growth include 
calcium, magnesium, su.fur, molybdenum, zinc, iron, manganese, boron, and 
copper. Calcium is a key element in growing legumes, having an important 
role in nodule formati on andi symbiotic nitrogen fixation. In addi tion to 
serving as a nutrient, cilcium as CaCO 3 has a neutralizing effect on soil 
acidity. Calcium and magnesium are commonly deficient in the highly weathered 
soils in the humidI t rp},i_:; . These elements may be supplied to the soil in 
agricultura] 1ilmestole, which aliso inclreases stdl pH1. Liming to increase 
soil pH1, w I increase avai lability o phoshjorus and molybdenum and diminish 
toxic levels of a1luminum, manganese, and iron. Soil with a pQ range of 5.8 
to 6.5 is coniside red ideal for mungbean (Tucker and Matlock, 1969) and a p1 
of 6.5 is ottimium For symbiotic nitrogen fixation (PCARR, 1977). The 
nitrogen fixinq activity may be affected adversely by deficiencies in 

calcium, molybdenum, and boron. 

Sulfur is a constitutient of leaves and the essential amino acids,
 
methionine, cystine, and cysteine, found in seeds of mungbean (Arora and
 
Luthra, 1971A and 197113). The quantity of the sulfur bearing amino acids
 
in mungbean seeds are too low to provide ci balanced diet if mungbean seed 
is eaten alone. These amino acids were increased by apl)].ication of sulfur
 
to mungbean growing in pot cultures (Aulakh and Pasricha, 1977). 

The extent to which soil defi ciencies in micronutrients affect yields 
of mungbean has not been carefully assessed. Franco (19"77) lists the major 
barriers to yiel d increases in tropical grain legumes as lack of sufficient 
water, absence of proper RAZhLAzobAm strains, and deficiencies in soil 
nutrients. The major de-iciency amonq the mineral, nutrients would appear 
to be in lhosin i5us, judqInq Ifrom the yield increasus obtained by 
applicato ns of 1hosphat- terti. ti ers. unti l majr soil Factors limiting 
mungbean ruowth such as de f eicitt mi.stule and low phosphorus availability 
are corcrted, doef-iciencies of sec'ndary and mic ronut rients will go largely 
unnoticed and certainly uncorrected. Because muhqbeans are widely grown on 
acid soils, cal ci;m and nolybdenum may freq{uently he deficient. A zinc 
deficiency was reported in mungbean p rowinq on a calcarious soil. in Taiwan 
(AVRDC, 1975). 

Genetic variability in mungbean for tolerance t-o micronutrients has 
received only minor stuy. Comparisons are needed of mungbean with closely 
related species, and among mungbean varieties. In a comparison of mungbean 

with black and red beans (Phaw5vOfI&S u eSivu[s,) for tolerance to boron 
deficiency, muighein and red beans were more tolerant than black beans 
(Howe].er, F lor, and Gonzalez, 1978). Tolerance to aluminum toxicity is
 
found in certain -varieties of small grains but does not seem to have been
 

http:Howe].er
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studied in mungbean. 
Tolerance in mungbean to some of these unfavorable
 
soil conditions would extend the 
range of soils on which mungbean could
 
be grown.
 

(d) '-)Oil Nutrient Level. Soil analyses can be used 
to measure soil
 
acidity and relative levels of phosphorus, potassium, and other essential
 
plant nutrien ts. 

My corrhiza 

Mycorrhizal fungus invading the plant root cortex increases the 
feeding 
z no of lant roots since the external hyphae extend out farther than the 
i, t Ii i.i v; Eons absorbed into the funqus roots, principally phosphate,
wi.th zinc and mlybdenum to a lesse r extent, upon release become available 
to the host plant -ootn. From there they may be transfe rred into nodules 
.in ](j.quminoes sj 'cies (Mosse, 1977). While favoralb yieJd response to 
mycorrhi:i, mal t:ti ty'i has been relported fo- soybean (Ross, 1971), the 
response munqboan iS tnknown.)of 



VI BIOLOGICAL NITROGEN FIXATION
 

Nitrogen is an essential constituent of plant protoplasm. It enters into 
the synthesis of amino acids, proteins, alkaloids, chlorophylls, soluble 
nitrogen compounds, and other complex plant products. Plants abundantly 
supplied with ~it ogen alle thri fty, grow rapidly, and have a dark green color; 
a deficiency is marked by slow gjrowth , a stunted 1)1ant, an' a pale green 

color. Soil nitrogen is a transient- and renewable resource. Originating 
from the atmosph ere, it is stored i n the soil] organic matter. As the organic 
matter decomposes, ammonia is rolcased, with the ammonia being further 

oxidized to i rtites and nitrates. The plant may utilize some of the ammonia, 

but principally it utilizes nitrates in tie p roduction of new orlanic matter. 
Additionally, elemental nitrogen and ammonia may be lost by denitri fication or 

volatilization into the atmosphere, and nitrates may be lost by leaching from 
the soil in soil watelr. The soil supply of nitrogen is renewed by the 

incorporation of organic materials, addition of nitrogen chemical fertilizers, 
or through bi ological nitrogen fixation. 

To augment the soil nitrogen supply for intensive crop production, large 
quantities of commurcially manufactured nitrogen fertilizors are being utilized, 
mostly in the developed countries. Since about 1973, the price of nitrogen 
fertilizer has :isen drastical]y, and it continues to rise. In the process 
of manufacturing nitrogen fertilizer, large quantities of fossil fuels and 
energy are utilized. The high cost oF energy has increased the cost of 
nitrogen fertilizer to the point that its use is being restricted in the 

developed coitr ic:s, and largely prohibited in the less developed countries 
where food I roducth:tim leeds are greatest. In addition, response to the use 
of nitrogen fert~ as measured by increased crop yields, is not always:iizor, 
as large in rro ical o:imates as in temperate climates, due to soils being 
inherently low in rganic matter, and t(o ex:cessive losses from lcaching and 
denitrification. These problems emphasize the need for greater utilization 
of biological nitrogen fixation to increase crop p'roduction in the tropics. 

The most effective system of biological fixation of nitrogen involves
 
the symbiot:ic relationship between bacteria of the genus RhLzobuni and 
plants of the family Ieguminosau. In this system, bacteria living in 
nodules on roots of ]vequme plants convert nitrogen from the atmosphere 
into forms which can be utiized by the plant. Being a legume, the mungbean 
has the potentmial for Fixing atmospheric nitrogen in root nodules through 
symbiosis wit:h alTrq,'miate spe cies of Rh[zoUttm. 

Cowpea Cross- Inoculat ion Group
 

Species of RI1hLzohii are delineated according to their ability to 
nodulate certain groups of leguminous plants. The bacteria-plant groups 
are referred to as cross-inoculation groups. The Rihizobtn strains in the 
soil which nodulate mungbean, and related tropical qrain legumes such as 

26
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blackgram, cowpea, and pigeon pea, are identified as the cowpea cross­inoculatiorn group. The organisms of this group have not been givenspecies designalion aand are traditionally re ferred t:o as Rhitzob t nwith such common names sp.,as cowpea rhizuhia,

cross-inoculatiu 

cowj ea-type' rhizobia, cowpiea
qrcm, or cowrl)ea noscellaiy. The absenc,design-tion ot sp,eciesin the cowpoa crsqs-Anoc.lI at .0on rowi5(rhi zobia bemlt cn 
)ltp t::; i leacs to cowpea 

nitrogen only 
rsed witht bobbit j'cpOl'~mt(Wi, which nodulitos fixesin sovybean-s, or RUM%{.Ob ccwlp1 aw.e f c, 

aid 
whi ch noctulat esnitrogen only in and fixescomnl beans. Inoculan ts of the. latter species will not cause nodulati ow n munqbean. 

Strains of lii oMb-m
 

The RU IzCU&m orqanisms, 
 in additionspecies to being differentiatedand c:ross-l.-inoculationi into groups according to infectivityleguminous species, of different may be further di fferentiated
in effi.cien cy of nitrogen Fixation within 

into strains which differ 
a

The strains may be 
particular lecqulhiIOUS species.isolted I-fon nodules (of differentfrom ritrerent lants of the 

plant species, or same specsc. in a study or ( bmn isolatesfrom 12 :specie aSC lauimeisi
and .Iack5 , in were 

olaites fr rnumfhuetwn;, peanuits, jqr te woino e,f: ttlher on tt: bsi s )(Dadarwal ali w ni- p :ope'rt-tieseL t ., 1977). When the '1 tnt a 'ccio-; wpln C:O ;-i,Inonatredthe diffe rnt withMOVE=';j :;]ltu, theil't. !] .tantsin the or(lc. s'.wd <ymti ,t promiscuity1;i- t c iatia A'rw.. c . hy io(! - >-. Cajauuus cajaH > ( gia unLO.WI
These resu.lts ii ic t t tiitt Ithat ng,' .La,imu il iV iodulLd by astrains ai lg(le ofof w 'c,s-U ;,i .. clpiaj tli ith IItmay, Ito1.: ue i.m ti (ioyictI soils.Strains of Rh bLunm wic.h diffi in ,iiii lity t, nodhlbei n it- imnM uibPns ari~eoe cte , Iby' tLi>' h iivers ityV of Hiawaii t:ii-(nullio the '', ipct:: oin N.itrogenPi <at ion (it Tpical Arri c ml loujiit; (NiAl.,) and t- ctLher locations.The NifTAL un is ,,.i~ns l inocu lition trials withstiins dierent rhizobialon miitii'h')c',.ii an(1 othter. tc1tirios [t var7i ous loctio scOlti.ti n i L ropicalit i orter to cc(apaai e the oftoc.ivetos of the .trains in different 
env i ronmeni ts.
 

In India, (ran 
 yields oi lmiiqiigbna were colpared afttL"culItcires iioculatioil wJithi<ol ateod Ilrnimmun <an , hlacklrai and peini (Oh Iis mi,and 'loatarajan , 1976). Thu hiqhk 
BaIa lanan

y;'ield was obtaineu d toiow]i]withL inoculationthe Rhiuzb cultu ire. isolated from it=[. Cuminos ei o cutfrom mnnbe(-n tnii ures1)c 'ive iad t rui and peaiit,yields than Lth i "jierIrltwe(c u -i(n Miti11qlhOdu .IVOit.AOMii" M a i -- erp'c';be detected could notfW, I awi j Iinr'lii] ation 
healthy rnq 

''ili ci ltures t RUM[L.O)u i itmteud fronn I lits; I n=iI-- la m tL
(VenLattiiraihan 

ilfl cted wit:h yell, w mosaic virusand .Dibt-ii Rio, 1971). The rolm sciuit:y orniiin feLction ihe ans forwitl nativ stl tins aiiready p rne iL t.ltc So.i1 reducese fectivunes'. theof ficioent strains which may be utilized as inoculum. 

http:cOlti.ti
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FixationPotential of Mungbean for Nitrogen 

soils is normally maintained at 
The organic mattel cont-ent of tropical 

tropical soils 
a low level. Incre,.inj the organic ni. trogen level of the 

Fix-at ion will require extensive cultivation of 
through biological nitrogen 

information is available on 
well nodtl te1d ]Olumnous c-os. Only imit ed 

15f mugbcjons R nitrogen fi::ati.on, either alone or in 
the effectiveel s 

W& other loi.nme spcies.comparison 

weiqht of nodules and number- of nodules to 
Masefie1d (]96L) use.d Fresh 

of aninl,, trcop. ca] 1equminous crops. Tihe nodulation 
compare the nudrulaiton 

Mowi at locations in Malaysia,ea twot hat of :-oybean andof mtnbean e:ceede 
cit the wing;ed bean (PSo;phIoCal(tpU5lower than tihe nodnlationbut was 

vi-Icd with thethe Amounl t a>f iiodhl]iti(1.tetdgOn'ii st ). AtthOuqh 
l t. loweir coumiliiy e'pcrited fom tem}erateAwas Lh:,nlocation, Lonel] 

that ntt 1Fixatino f toi t]calpasture
cl.iactes. [aitu (977A) ,eaorts oun i 

20 to 1HU kW/lia,/year. The amont- vries with the 
legumes raiiq in 

It oisttr o , L mi ci-ittnrc, soil mineral
1 ain oc RhIzuvtun, scleyume, the 

ilq; ests that L itrogen
tue . Grounlind (1977)

stIp~ly, 141, ind other" I 

lled he ui) t r'ii, in ;iwi rain tr -opical
 
fixatioil in tihe 1;,-i, () 1 llbe '.p 


In India, §tublj" R"" (1905'%) i-ototed Llt hli:]ekcal added H kg/ha

soils. 

!qiha wI th in1o clati-oi.
Uitt I ii'citait n iI d 131tiin Ri
1i. tIoyeli Th(2.(. 

tAd in Nig FLi, tnOi nui ccu].atd mnitl)ean fixed 
ln a t.ci oxpel i'i Cnt c diui 

col'i red to 9. .3 /]'Ot iW Iillctulcitul A min(qObeai (Agboola
 
85 m /pot of n it P ltii 


n Fixesd were Cs<timLtod to he
 
and Fayemi, 1971) . The arsut. s or nit-o 

medr wi tes;timates
nI o 63 ai 221 kg/ai, rcesp ectively, andi copi

euivalut These 
of 157 and 354 I qhi for inuiuiiiii at.( Hid jinculateu cowptas. 


ot nit -l 3 fi.xatim, based on extipolatl ion of results Fr om pot
 
estimate 

cmi ,rcd with measureiments 
t t. a hotiire ba:sis, seem cssive w,n

expcrimer 
".1iltltJd','

fi l _ S i nliLt - . In a two-..t Fie. t 
of i-tro ln fix.ation in 


pasn c crI iinq couicnations , nitrogen

Thailand, i nv,dv1il 1bth dr' and wet 

I -

R and 10(7 }. lhfli / unl wais i'Ilrl t t 1)r 1l1 1bean
 

111nfix.i'ation ,j. i nq 
be a ral i:tic ian1 . 

This 'ul. app la to :ondlit-icii :for TheA., 197) ipulv abip((LFrth eL . Itt~lll+<ynn h=Ap fivor,nit l{>iq n fixationi by 'poten~ti.al-

of h ni heI ' in ,- inM, W1 its 
actual n t o en Fixa.ition by imunch 

(ii n1.onsoilsoi low fertilitythe crop is wde lyprobably quito low, sintc 
niit1ogen

with poor culttI ural cractices. More Wnylimrla LI ii i nid on 

s_,e J,tic sol 1. coidi t itins, as- well as comparisons
fix.ation by imuinlbe an mnder 

with other ]e rmiuc species suicli as Cowpe.ai ii' .abe)vii. 

n plants wa measured,munnodlaterod on)s oINiLrogc t ixifLii in 
pl ant at AVRDC

rehcti l t:echliqute, overO th"' life c- the 
usinq the acetyleie 

redict ion activityand Ku",, 1979). Acutyl]ene
in Taiwan (AV, D , 197HA; 'I ukar 

jes i W F) In niil PItalIt nq. Itc was barely detect. I u d.Li ril il thiQ iOi -- k 

peak at, nine woele]s , t hc.iu declined - hi Ofat-hcc-aItci , .0increased 1:piil' 
dccl inc did io1 st:rt­

until, bareI' ,t .. laiii at 1N wektt . Thect~blw 


woa. a itow 'igiani, hut. ccottinuictI thi mi'li the
I cr hliquntil about L'o 

-u h noi first 
r i-,. TlIP2 Ani p(-.Il:() in acctl vi c t .vyt Wi

1i cpod-f-i . I 

u "f ceilco inLh" ht t) he due to sik elus 
two weeks "f f]ovwori jig was; 

The 
muoqbeai so that phot:osynthetLic activity contilltued at " higIi l1,vo]. 

first three weeks is of intserest in view 
low acetylene activity during the 

http:Cowpe.ai
http:poten~ti.al
http:fi::ati.on


29 

of the report by Kuo et a]. (1.978) that mungbeans grow slowly during the
first three weeks after emergence. Mungbean varieties differed in
acetylene activity in the AVRDC study. 
 Nitrogen Fixation was reported

for .individual pltants and coul not be extrapolated to kg/ha. 

Nitrogein Trainsfeor to 19thor Crops! 

MumIhedais are grow, extensively as a short duration crop in rotation
with rice, wheat and other crops. Where a legume is grown in rotation with
anloth(r crop, tLansfetr of nitfrogen occurs as a result of: decomposition of
the legume resoiduoe, in cluding the roots and the noduleq;, and subsequent

utilization oF the n roqen by the succoodinq crop. The pote t:ial nitrogen
transfer is 
nh'cd by ipmoval of sed and plant materials at lhirvest. if
planti i rof t ;ucce dinqi 'q is de]ayed, sme of the iii Lruen released
by decomp cciticui of the io19ie may hbe 't1 Ron Lhe soil. olw muclh
n:i.troGen inunthoin wi J I v, case o! di whoL! i t wculd be the alppropriate
legume to q1 .. in tho Cy(,jq .uii di 

sittuationl. I n ]ici , the 


q svsteml will,\'i ul Hiiiltie se i tic 
ch: ,ico or; lie Q:nine to g EOw in a part icctlar

rotation is u ;l]ly }.aIs 
 l, i, t iF -i into the u tcropi i s e,{uence aind 
i.ts COmlhelnicl vilie raither Lan oni its nioqun fixinq o te~lta]. 

Muli(61)uill ir, 1w I'(i i lito 1-r it i a c anoe, cotton, ju te, maize,

pearlI l.let , :*10htm, 4)1 peian , , . Ig
i by in a lternate rows-;. Mixedo ro;.g>ppi m inqUa- wiiLthI I: 19)! iS 1L s1]o l r-iv(tced in the tropics. lowi 

much the nnl,e 'inm (, ei :it; Fr I: 
 tao hi" (.lica.] niit' q ,i f.ixation 
asqociitae'. witht hele ,qumi K di; I fici lt to, ,-i ; t-s. I.i planted a: the same 
time, ath ik in the 
nitqolen is limited, uId i fetr bothi ci-op . mav ho reduced,]. The competition
may be mi iy:cl u l .I i [hu lbsol'i o,ll, - thte- cdC 

-( :., It csm _ct. lE- i ani mal (ioj ,, s(ii], and, where 

nim e l widif-ni l :ioii is

ost.i]j Ii lie( (;i:'.<e]] in,, 
 VA] is , 1977). ii, 1o0 loquine wi] beiefit most
 
if the letumo -achP; hy,.s;; ],;i<, miiAiit Lity
Land dies thebefore n"nlegume
crop has compl.t.d growth. In tiis :;ituat.1 nitrogen immlodalcely released
from 1OG 1110 idi 1011 0! tie I egiilnoi iresi(d jldc(,1 
 bo i 1 i zed by the comnpanion 
crop. ko ' unnlmb ,ilii.c; i shori( t dh attirlv Jo;iuiK i , it wo il have a distinct
advantage evte I ursitiuon lo'ini.' i or uiti. iltion in iocc:roppinq 
systems in this manner.
 

Althou(ii nu iervOis research reports on intecropping with legumes ill gen era 1, and munbe in particu]ar, have been publ:ished in recent years,
the results are ottein inconclusive or conflictinq. They suggest that (a)mungbean may be in elfective ho5: in th1e hioloqical nitr qen fi.xation 
process, (b)uii.i. r -tv".rb.e ci is:iiinsta lce:;, muliioaii will i.x from 50 to
100 kg,'h 1f Ioiojequn, (C) : ,mr nitrogein tr(m1i.siei from the munulbean to tie
commpani.o Ii/ii tL.ei',(nle ime iii.iy t lkoI J.]n.1g (qri w[iniij seasoi , although the
major benefit wi.1 b to the si ic,,edinq crop,, and () the nitrogen supply

will be retdced by remiova l of oL. antL imd scxl indto rea]. at harvest, or by
leachinq beforIe the su.cceed ing crop Ls planted. 
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Inoculation of Mungbeans 

The benefits of inoculation on yield of legumes grown in soil devoid 
of an infective strain of RUi.ZONUM is well established (Erdman, 1967). 
Rho.L:O.tu i Iinoculation of munqbean in tLhe absence of natural inocu1um may 
be expected to produce hi q cr yields . - (a) an infective and viable strain 
of RkhoLiuO. is used, (A) tie Vioicu.1ation procedure is car. led out with 
care so tihat viablu, bactet ria ,_r . ii trodi iced into tLe soil, and (C) the 
soil envi.ronmcnt is favorable for the bacte ria to survive and develop 
healthy nodules )n the munqhvi)ean r()ot. 

Yielid inicrea ses in munqib an '. F 10 to 37% fel no1q inoculation havefoWl 
been reported by various research workers in 1Idia (Table 5). An increase 
of 38% was reported for hL ackg -m (Reddy, aOlMeda, and Ran, 1978). Sheriff 
et al. (1970) Fa i led Ie ohta in an increase in yield with inoculation. They 
did not report on noduat .0,n Mi either the inoculated or unin oculated plants, 
so it is no known whe the . iatLive strains produced nodules on the uninoculated 
plants or whether Ll inoculated cult:ure failed to prod ce nodules. P. Singh 
and Choubey (197.) reported a profit/cost ratio of 27/L for inoculation with 
their Rh[zObtfw strain A. 

Table 5. Yield Increase in Mungbean from Inoculation with MzO=.Lwoi Cultures. 

Reference 	 Seed Yield, Seed Yield, Yield
 
Uninoculated Inoculated Increase
 

kg/ha kg/ha 	 % 

Rajagopalan et al. (1965) 206 	 226 10 

Singh, P. and Choubey (1971) 
Strain A 1,073 1,356 26
 
Strain B 1,073 1,231 15
 
Strain C 1,073 1,270 18
 

Maheshari (1974) 613 775 26 
Pawar and Ghulgiiule (1977) 598 750 16 
Singh, S. D. (1977) 	 467 639 37
 

(a) Need for Inoculation. Inoculation will usually be beneficial if 
uninoculated plants have poor growth and nodulation, but respond to nitrogen 

fertilizer (DaLe, 1.977B). If inoculated plants fail to make comparable 
growth to those receivinq nitrogen fertilizer, then the strain of R1Z0bt{Ob?1 
may be ineffcctive, or there may be some condition in the soil that makes 
the rhizobia ineffective. 

http:Rho.L:O.tu


31
 

(b) Strain of RTM,.0ckum. Mungbean is widely regarded as symbioticallypromiscuous, nodul.es being produced when infective strains of the 
cowpea cross­inoculation (Ioup of: Rh C0uflm are present in the soil. Strains within the
group differ in h tu.o
fectivcay th1ey nodula!e munqbean P Sirilh and Choubey(1971) obtained ,su;ed yield iLcreases of 261, 1.51, and 13%, re;pectively, from
inoculation wi th
1 ruce strains o;f RhizObi.'n above the yield of an uinoculatedcheck (Tale 5). 
 Po r a st:rain to be elt!e,'ive It shouild pro)ducce ni trogenfixing nodulesi 
 inia wide array of soil conditions aid be coimpetitive in
nodule Formatiott and nitcogeln fixation withi less of fective straitns already 
present in the soil.
 

(C) Inocul4ant Preparation and Use. Procedures for preparation of legumeinocu atin ac desrib-ed" by----Rouiley- (i 970) , Vincent (1970) , Date (197713)and others. Legume inocuIant cul tures are usuallv prepared by mixing a
RUblu broti culture with finely 
 qround, sterile peat: 
an a carrier. The
bacter i.a 
atd leot mixture "re mixexd with qum arabic or a 'ucrose sol.ut ion so that the mix.:tuire wi ]IW herc Lu tthe seed. The trale li fe of the culturedepeids upon tLe tempe12ra t.ure and humidi, Ly at which i.t i ored. '1 ab.ilitymay be mainttained fou 
 i- loiq as one year at temperatures of 50 
io 0 0C, or
 as short as C, t8 I) weeks at tem tur oif
es POO o "250C (Vinclt, 1970).
In order for 
th, i no culat:ion fi) be ;u("cc:ful, Ayanalba (1977) Yecomiends

that 1,000 to 10,000 bacteri a of a uitable 
 Liraii slould be applied to tile
surface 
of a se ed, however, some ieachers would 
in creiase ttis number by
as much 
as touold. in ctlated needs n(ed to be dtried iml(di ately ind,

pnreferably, lantetd 
the simte day. ::pos iio 
 f itocila ited aced to direct
stil ligh t or hiqh temtpeo-ritures 
mutst be avoided. Inocuated seed plamited in
 open furt:owshot ibte covere inmtdi atuly. Inoculated seed should not be
treated with toxic chetmicals, 
 mixd wit:h ferti lizer, or l]anted in a furrow
 
in contact , ft:h tert i i a 
 .
 

(d) seed I'.elti. lan cu].ated seed may be pelieted to protect the
bacteria and correc t 
 adverse sci coudtions ini the vici nity a- the seed(Roughlev, 1970; 
Date, 1977B). After i.nocilum has been applied to the seed
as a slurried ,aLt cutiiure containing at adhesive, the moist seed is 
coated
with fintey qroud lfim'-,Lonte or rock .,ltsphate. Limest:oie inici:eases the pHl,neutrali.nq thItdetrimnttal off, cfs of acid sc.l ini contact with the seed.In alkaline :-;, i.la in Iniit,. l llutinq mitu bean .seedwith cia 
cium siltitaLe
 gave beeficia! effect;. Chhnki r, [s;wartn, aid ,auitnj. (1971) reported that

nei aeeds; inoculated iii coated wiith cal ciumnut l fiate produced 82 nodules per p1lait coml aced to (6 todiles Fr seed i uti,:;ti I :iud aind coated with limestone,2H nodules for sued iitcti lat .d w ithoit ',elleLinll, ai 
2.7 totiules forhuinocul.atoI nced. 
 The, actci .ro p laitetd ini a ' f inii, alal,

8.0. 
Lts;o i[l, p1Also, in an ,alkalinc soil,iH.9,i -u,, 
 at al. (L_976) nbta ned
increa:se in an
 

"v,: the
s d yiel d ii in :.latedt (:hlc of 21.7 wif:li inoculated
seed p01 lted wi Lt cilcium Af fate, tfi ir.i to A 19.0increase withinoculatejd 3ud 'clfleted with calcium
L c, biole, J17.51intc:eaise with
inoculated soed to]luted with 
L,ick lliuipltiafie, and 5.8% increase forinoculatitt v,,ithMt: 
tl ,liln . In piihosp te tefcicif. soils in the tropics,rock phosphlt.to miy ie, ,i iorrtel to lritn;to i; as the pelletnit material­
(Dial- lo f, 1971) . Pel litLinq the s uctct-; intlrcvo.s ;urvival oI the bacteria
unti.l thMy coln ize t. ii oot, aril itcreases chatnces cf Sn.I(:ciisfl. todulationif seed gormi tion in delayed. Pest: cides may be incorporate with pelletingmaterials, but otnly if 

d

it has been proven t'at t:hey have to adverse effects
 

on the bacteria.
 

http:phosphlt.to
http:neutrali.nq
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Factors Affecting Nodulation
 

Tropical and subtropical environments where mungbean is mostly grown are 

for nodulation than temperate environments. Studiesgenerally less favorable 
eof ects on nodul tion of- munqbean are meager, but informationof environmental 

at. ion of other annual legume cropsgathered on conditions Favorable (or IIodu 

in the tropics wL 1 goneral .ly he applic'l:1 e to mungbean. 

envi ronment in which nodulation(a_)_P~,_icl.Envi ronment. The physi cal. 

takes place may be ;l', ctod by light, tempe atue, .oi i moisture , aeration, 

- (Mae e , In tr,)pical areas,'I i 1'50). thep1l, s '1.iniIwl ty, Iacto ti)t 

climatic factor; .uclh i!;le.ngth ofI-dcv adil cloud cover durinq tile ailly 

17uc. the aoiolint of: .ilht, advIfrecti a nfqt:inu violor growththe and season 
the host plant. In I :;tldy consu I in Iontro]ied enviroijinoitalof 

low1 ;ht titn; tv ]illij.t'd nr,(']atLion andchamber, both ShOLLt and 

;11 cw, , scy hi Hi, noah!c''i: (Dart:, 197.-). These
nitrogen lii fi:.atlon 

lit ,'appi rediucedata su ier tha]lt . ,aldi !i 	mlolihlilela willn nI kI (ig coil| d 

ro- ic t 110 llalro' mIyI tI ci iloll ati nitrogennodulatiol. HlIlli'o)ilraLlt 
b.t :iud fi the nost nitmoge;n wiLh a daytixati on. Ccw,,.eU; icuito 

temperature oi 7 inid a 	 nitI'n t k(mpoitiLr e of :.?.10:- (Dart, 1973).
 

' were ire-ased; withli a 36°C day
Nodulatioll dtcre1a 'd '' 'L ,mIVeyto eo:; 

oteritur , nodular ion od nftIrogqn fixation
tomperat-hIo .ni a IO(W Ii 11Iut 


at tle high
were )oor. 1Rhi.Uob utmn t i i ffered in the,ir Fect i venoso 

El,,i t hero >;us it:eoted fol- cowl)a, munbean! Ic o worelemlperatu Yes. 
i:ob i.a I otrains. An upp or temperaturenodul.a tes with thtLL 'ir o il11, of oIl 

limit of a roun, 136°0C was i)ted also to r todiu].,tion ill beans (Graham and 

Hlalliday, 1977). 

st rl e limits root developinent and vegetative growth, 

Vice nit rocjen f ixation. Excess water reduces 
Soil.moi;til 

and hinrde:s (2 to Inod u fat ion and 


the oxy(leti oulE ]v in tLe ;(ili-eqoi.rod for res! i rat ion of Rhczobbvi bacteria,
 

,Jy i 10 I fixation. During long

and reduce:; thie n i t rioqjn siij 1e, ed f7() -_ t -o(IC 


wa-to , t1i , tiodu los; and oluter 0(1)t t i ssue sioul of F (11i.nson

periods of 


and liartwig , 1977) , canus n a Leoi!,ora iv nitrogen def i.ei ency. MungbeC an is
 

a fteor lowl and rico, but thee 1is little i] format
Li. oi onfrequen tl y pl.an ted 

1onq p eriod.,; on natural, soil rhizohia] pollations.
the effec t of Flcod ill' ovel 

act ivity and nodulaLi on, a.thoughSoil acidity i.5 inimical. to rhi:robia1 

rhizobia )f- Lroi cal legume!; at:e r'o0rted to t:i ]erato soil acidity better
 

6.13 appOar! t() be optimumthan rhi.zobia of temIer,-te cl imit Ie'ume,;. 	 A I)Iof 

, with , i7)imur (.activity of


for mungbqe rhizobiaI ictivit/ (L'ARR, 1977) 

ii' vi-y in their


about 1)11 3.5 h, 1.) (Y(iliv an Vv,is, 1)71). 	 Eli i : i i;t ii 

oif 4) r oi;,obialtolerance to, low I'1l. 	 :;(lut a l. (1979) c,rI alled n) hli tio l 
,III . c iil; on 1. ;()il WithI alnaturalyi l i kliliit; to !.w) !II ';ihstrains ,- i 


pll of 5.0 anh tioc :;imo s)il ]ii toI a pIll 6i(.5. A t-V ri i ol)ial strains
 

It It,I.'l ' .0; with L) t. ()no--l , of the ili.izobial
llIdillc. oui'llboiri 
wasII 5:1' Ii i i"i ni imllrn ilrol -itp11 5.0; trih1iema'i.ninq 

failed t.' l 

stral.in.s, t-le ticiltiio 


rhizobiAl lil ; tiodi t Illi-IIlIn;iio It b t()l1'll vitlets', -ol 11101e
 

it tle low Il thtan (iltle';. Usual.ly, the ef Foctivenoss with
effectiv(.ly 
was si ilar

which thu hictzi.a]. :; t rain nodniia ted munjbean at the low p1l 


host strains. However, a few rlizobial strains were
for the two mungbeii 

http:effectiv(.ly
http:Usual.ly
http:Ccw,,.eU
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colerant of low pH on one mungbean host strain and not the other. The
 
interaction of rhizobial strain with mungbean genotype 
 suggests that the

search to find t-o lerant rhizobLa] strains will require 
 that they be tested 
on a ranme o munbean qbcntny'es, thereby greatly increasing the labor 
i nvolved En tlho t e. t:i Irocess.r 


(b) Minerl. Niuitlit!i.o. . >i.nor] nut.rients necessary for rhi zobia to
 
>;orV~ veY, mlteiuime ,an iolltoc 
 lo p1]ants include pioslhorus , sulfur,

calcium, ,la;;i0u1, and tra:es of molybdenum, boron, "coppe-r.zicl, cobalt,

a:0d rdalani 0e (Vincent, 1970). Other 
 so{il condi,t tons hiL may limit nitrogen
fixation ar Anil acidi ty, aluimmi "i13d Ian aneso .ii i tyt1 (Frn co, 1977),
,and oi ii li. 7[. Avai Iia luC ilhospim irl. is oftein th II 1o 0 ]. inm. 1tin,/ element 
in L I but. dhfiolenci s in MII7bd iluln, su lfur, 3JCa l , and

ropica ,ils;, 

b(r11 should noi ok, (And '-w,
be ,vr'l 'i 1977). T b1nefIits to nodulation 
and nitro , ;-i:a t-nn , !1ri ll'ine1ln hyP orro t-ini, ] * }i,1L. deficiencies have
been demo nstratei lin.Indid (K ,ri 1andt Raii, 19G( ; Sah,. and -;hodra, J972; and
Ravank: r, ,Ih, m"!i niwu , 1972/7.). [Qciu;od yield or munqbean by
uon'rcCtincj I l Icd IFiciancy wa1 1 t1,Li liy ,iiltiya ai.i,l , andi Sirohi
 
H975). S.i ineral defic ien,-ie t a the
It reuii o CI iv(nu, ofi 
nodulation and 11itro rli.:atirm in ,onnmun(e are sito-s.lecitic, and need
 
to be corroctly ideontitie .inwIord,, to determine 
 the k inch and aniount of
fortil izer t" apl ty to cO)r 1c the .lciii nPy. 

_(C.) J t Ity11011 u yit .ti an i tIlll liiO:; of thie symbiotic process is
 
th . I a, i 1i t ', ti i::i i d,It ;imphcri c 0i trogen to meet the nitrogen

rOqielIelents N 
 thof ,th 110 p1 

uptake by tie 


rq t iume 'p'his1 does not preclude the 
IlaIt I'rnl i.troqun from Lhe soil (Bmoidin et al.,


1979). 1f 
 t-h i 1I a upIy t, I Yn(i s Am nbld ant , I h1en most o f the

ni.trogen usedt Iy cI, l plat v.ilI
tHK I io' camp From tihe sii . If the soil

suit ply of nitrogen is v.,', then UPi, le 
 time1 pllan t wil I (Wotain m(,st of its
 
111 Lro-qn from nvab i osi', ':;uminq 
 t11 ithtihe propIer .train o P hIzobt/umi is 
present in the .w)i 1, 11;d tWat the' anvi i.mmnt and soi L mieralol,- supply are
 
Iivlrab)le tr 
 the : i i' 01. fixi'i 1o,-,1;:; t-) tc C 1 oul;aLctd. 

Sup omntat (fn the .ymin tic(:1] I f i:.e-d nit' nqe ptil:y by nitrogen 
fertilizer has 
lw n co0nsideedl 1 a Ci1 1 t o 1 i ll<'slcra ing( plant- I.11OWth.
 
Rosearch 
 ;lly mL.)'.viih,-ii- one s tha t the ';''mbi:Latic nittiqorin Fixaticoni process

doe. not 1 0i'it7t t- i t-l: i lII 
 ,11, (Itquan titie; ni trlcoi to rti l:lzer are
 
app liedI tW !,.lt11, 1palit . n. Cse, LJ
ii t t uiI 1119(2ll i1Xai ltbI is reduo:Od inp)r,.pI()rt oi ( r, e oami,li u ( t t -) - Iin~r ipp)jtll i ed,. (Iiinlsol and~t larttwiqi, 1977). 
An e:-'epL tiol ma',:." t . t I aJ, IpLi 0tion ofI " iittr,on L3ste t to.- ,! .i lizer
10(911110 I odI.I ill liitr( ' nn Out ic'ie t ;o ils1 in I lder t-} sLti1 lal.te earlyseed<linq( '1lyowN. tBcL,.rti ,. inlvaion<: & t] ,_ r ,at. cLux:.w aniN in~itial 

],lrge layt.' innI ")I- the .]iFeo fI shot ,l~'11 i 'a ' -1 on W(lUIIder hi fh-I.,Lot- t I i-tulr- /'s.h('rt-db'y env (iIll 
umtlo .A;uCh "s inlqbeal.

t '' lll liju; Yc'llht c alowto 

Within 10 W 40 1YS'cf i l]t.'i i0'b0'cl 1t)t'.' tlq I 1 1 P ll-i wiLhil 60) to 70 
,II o' ( nldays. Ain.so P u - itr n t-artor mertili:e C,_urF u tilizatio bymnunlboan ~l.nt. ,huring the l, .rical the,ui ju venil1, nrowthl rmov ha ve, sp;ecial merit 

b:ecause, early qrnwth of m,.nqhp.an i- normally slow (Kuo, Wanqi et al., 1978). 

http:m,.nqhp.an
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The question is how much nitrogen to apply without delaying maturity 
and unnecessarily reducing symbiotic nitrogen fixation. In the Philippines, 
a starter application of 20 kg/ha of nitrogen is recommended for mungbean 
(PCARR, 1977). At AVRDC, in Taiwan, the recommenditi n is !or 15 kg/ha 
nitrogen at planting ti me, and an additional 1.5 ku/ah t floweruing to meet 
the heavy demand for nitrog'en during the period of 1tiCMn (Park, 1978A). 
As with mineral nutrients, the desirrbi ity of apll'Iyi g nitrogen fertilizer 
will depend up}on the specific soilA fertility conditiosr::; of the f ield. The 
first step should be to iLsuru that M.Wz b Uu strainn o" the right kind are 
present, and that soil mineral- needs and other conditions conducive to good 
nodulation are met. 

d) Other Factors. R[WZuLcUw strains differ in competitive ability for 
nodule sites in lequme plants when more than one strain is present (Johnson, 
Means, and Weber, 1965; Caldwell., 1969; Brockwell and Gault, 1973). The 
ability to cm;ete Ior a ijodulation site and the effectiveness in nodulation 
and ni trogen fixation after the bacterial strain has invaded the host plant 
root are desirible characteristics ot rhizobial strains. Munqbean growing 

in tropical or subt opi.call areas may be in fected by strongly comp etitive 
native Rhtzo.bi s trains cowpea qrou) may,bn; of the cros'.-inoculation which 
or may not, be eff-ect ive nodulators. Whi le competitive ability and 
ef fectiveness arc not precluded from being in the same strain, a strongly 
competitive, inefective strain may reduce the benef its that could be 
obtained from an effective strain that is less competitive. 

Nodule formation and nitrogen fixation may )e affected by various 
disease producing] organsisms, viruses, nematodes, seed exudates, or seed 

treatments. Nodule number, weight, and size in munqbeaii were reduced by 
infection of the host pl1]ant wi th arhar mosaic virus (AMV) (R. Singh and 

Mall, 1974). Seed exudates from mungbean that were phenolic in character 
had an inlibi-Lit ofIeat on rhizobia]. growth (radlcl r'.'a and Sen, 1973; 
Kandasamy and Pra,,., 1979). Root nodu.lation may he adverse ly affected 

by accumulated pan" i residues, or by pestirides applied at excessive 
rates (Gaur and lPa:ieu, 1969; Pareek and Gaur, 1970; Gaur and Varshney, 
1974; Staphorst and 2; rLjdom, 197(; and Chaudhury et al., 1977). 

Favorable effcts on nodulaLion and nitrogen Fixation have been reported 
by applications to the soil of organ ic matter (Rajagopalan and Sadasivan, 
1964) and humi-c acid extracted from farmyard manure (Khande].wal and Gaur, 
1970). A synezgistic effect from seed inoculation of mungbean with DRAWij0jJ 
and Azo0tobacte has been reported (Pawar and Ghulghule, 1977). 



VII PRODUCTION
 

Mungbeans are grown over a broad range of soil fertility and moisture
 
conditions and with varying levels of cultural practices and technology.

At the low end of the technology scale is the subsistence farmer who

broadcasts mungbean seed in 
rice stubble after the monsoon rains have

ended. 
 He has neither the equipment 
to prepare a suitable seedbed, nor
irrigation tFacilities to replenish deficient soil moisture. 
 Fertilization
 
is not practiced, and nonal growth stops when the moisture supply is

exhausted. Weeding and harvest.ing arc perfoL-ined 
 withL hand labor. In
contrast, mungbeain production in more developed areas may be carried out

with highly Iechanized equipment, 
from seedbed preparation to combine

harvesting. Weeds are 
controlled by selective herbicides, and soil

nutrient needs are carefully corrected as determined from soil test
 
speci ficati ons. 

Place in the Cropping System
 

Mungbean is 
a short duration crop, adaptable for use in multiple cropping
systems. 
 Earl ier, most varieties grown were photoperiod sensitive requiring

80 to 95 days to mature, but presently, now varieties are being developed

with low photoper-i d sensitivity which can he harvested in 60 
to 75 days.

This increases thu flexibility or- fittiing mungbean i.nto intensive cropping
patterns. Munqbcan is 
planed in three types of multile croppic.ng systems,

(at) aCytCuOp .CU ingL whic]i munghLean is 
planted in sequence with other
 
crops, (b) CintCnop..,.cfh3 , in which 
 munbean and another crop are interplantedin alternate rows, (c) mbUNCd Mopp{ing, where crops 
are planted together in
 
mixtures.
 

In Waey co.oppulqg, munqbean is giown as 
a secondary crop. The primary

crop, commonly rice or wheat, but sometimes maize or sorghum, is given
priority for the season in which it 
 is grown, with mungbean being fitted
into the seq(0nce before or after the primary crop. 
 In the tropics, the

rainfall pattr 
mn is tHie major climatic factor delineating the cropping
seasons. 
 With low phoLopriod sensitive varieties, munqbean can be grown

in any monthi of tho year, 
if moi sture needs during dry periods are supplied

by residual 
moisture or by irrigation. In the development of a relay
croppinq syst-em, th oblotvL is to provide maximum production per unit

of land area per year (Si-ena and Yadav, 19/5; Maapatra etal., 1975;

Sandhmu, Gil, 
 and' Iar, 197,; MARR, 1977). Crops are ilanted in quick
suscessi cn, sometimnces ra.i ;as many as three or four crops per year.If a legume crop i'-luded in 
tL,10 rctation is we]llnodulated, the nitrogen
fertilize r uic ment for the primary crop may be partially met from

this source. In thie temperate climates, the cropping season 
is determined

by the temperature and the production season 
for mungbean is limited to
 
the frost-free period.
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With KIt crops that di ffer in height, growth habit, canopyecAOppiIgJ, 
structure, and growth duration are interplanted, so that the crops occupy
 

the land at the same Lime. The crops are usually planted in an alternate
 

row pattern to Fact i.ato planting and harvesting. Mungbean may be inter­

planted with sugiarcgane (Da.anaud anrid Goswami, 1976); maize (Syarifuddin et 

al., 1974; De, ;uilT .L al., 19783); sorghum or pearlimillet (Saraf and De, 

1975; Do, Gupta et al., L978); cotton (Varma and Kanke , 1969; S. Singh, 

Singh, and Tomar, 1973) ; jute (P'atel and MiL ra, 1977) ; piqoon pea (Saraf, 

Singh, and AhlawaL, 1975; Kaul, Sekhoni, and Dahiya, 1975); sesanmum (P. P. 

Singh, Nama, ,nd K iushal , 1972); or sunflower (Campos and Macasco, 1976). 

Mungbean an I s.uqarcane is a favorable combi nation for intercropping. 

Sugarcane normally planted with I m row spacing will require about 60 days 

before ,-ove1o}inq .a dense canopy or becominq high.y competitive with the 

mugbean f(r-.norii n Lri-onts or moisture. An early variety of mungbean 

interpIanted Ilato,.n tue rows of suga rcane may be harveosted in 6(0 to 70 

days without chdve re PfFeI:ct on yield of the sugarcame which requi res a 

much longe r period beafore ainrvest. Combinations with nonlegumes that 

develop an earl]y canopy, or tiat quick Iv become compLetit-ive for soil 

nutrients or moisot ur-ie, would he es s f.avora Iu thin the sugarcane-mungbean 

combination. Wh en se.dod in alturn.ien., -,ws to reduce comp etition, the 

yield of the nonI equile .is qpnea lly reduced as comrared t{o its yield 

produced .in a solid stand. IHoiweve<r, the yield o, the two crops may exceel 

that of a sinqeto c rop-a The beinricial ef fect from inter­in monocultur. 

planting is attributed] to more eftFicient use of soi resources and solar 

radiation, and, lerha,, sonme niitro(ten transfer from the legume to the 

nonlegume, alLhough the latLer is not wel.documented. 

With mixed Copping, t. seed oF munqbea:mn is mixed with hat of other 

crops and broadcast seeded. Mixed cioi,ing is practiced, usually, to spread 

the risk of weather haz:ards in econom ically underdeveloped areas. Under 

these condit.ions, yields are ,enurally low and all cultural operations such 

as weeding and h i'sAtil q must. be din) by haiaj. 

The c rot, (isa son and cul tu ail iracLices for growing mungbean vary 

in di fferent cort ies and climatic areas. 

(a) India. Mingban is grown in three seasons in India.
 

Monsoon or rainly season (August to October). In northern India, long 

duration varieties are grown, Fi-l.owed by wheat in the winter (November to 

April), ard fallow in the summer (April to June) (R. C. Singh and Faroda, 

1977). 

Cool , dry seas.on (Doenber to February) . In the East and South, mungbean 

is seeded after harvest of a crop of rice, maize, sorghum, or cotton, and 

followed with fallow in the summer. Varieties with low photoperiod 

sensitivity are grown.
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Summer season (April. to May). 
 Short duration varieties and irrigation
 
are 
required to Irow mungbean in summer. Harvesting should be completed

before the monsoon rains begin tio 
prevent seed from being damaged. The
 
practice of growing mungbean in 
 summer is increasing. Rotations which
 
inc.ude mungbean as a summer crop are:
 

Rice - wheat - mnihean 
Rice - potatoes - mungbean,
 
Cotton - wheat - muqhean,
 
Sorghum - wheat - mungbean,
 
Maize - potat:o - wheat - mungbean
 

(Nair and Singh, 1971; Misra, 1.973; Sandliu, Gill and Brar, 1976; Sandhu et
 
al., 1.978; Sharma, Thakur, and :harma, 1978; Pa roda, La], and Singh, 1979).
Cultivati.on o- munq-,an in rotaLi:.on:sa u3mmr cropF h.as the advantages:
(a) land is utilized that woul d norm,17 ly umain i andollow subjeoct to wind 
erosion; (b) the lio t dry weath-he is F:nvol,] f-i hirvest And 1 roduction of 
high quality s ed, and (C) annual inc'-m er uit, of land is increased.
 
Al though irri qiatin rn' luiirn-it d'in j the summer season 
is hqh due to
 
the high rate J evapor;it ioin, the qrowth duration of the mnunqbean crop is
 
short, thus rudmcilnt 
 t:he number of i.rri tions required. 

b) Thai.l.anid. In Thai.and.; mungban s are grown in three cropping
 
seasons (Nalamlpang, 1978).
 

Early seson icrop. (April to June) Planted as early rains begin,

following ric,. and harvested betore the heavy 
monsoon rains begin.
 

Secovd season crop (Septembe r to November): Planted after maize or
sorghum, near the end or 
the rainy season. Thi.s crop produces about two­
thirds of the total production in ThaL.and.
 

Late season crop (Jauiary to March) Planted after rice and grown on

residual moisture. 
 In thL uppe-r Plains this planting is delayed until March 
to avoid cold weather. 

.() Phi i _I .'pine.. ,Mungbeans may be grown throughout the year. The
main plantingns are in Nn vomber or December in rotations of rice-mungbean, 
or r]ce-mungbean-mai ze (Lavapiez et al.., 1978), or duri ng the hot, dry 
sumner seaso<n (Na Tch to May) before rie (Calkins, 1978). 

d) Vie tnan. Mungbean is grown at the begi.nning of the rainy season

(April to May) at high elevations, and after 
rice (January to February) in 
the Delta (Thuy, 1969). 

Q) -Taiwan. Mungbean is (rown during the hot, dry season (April to
 
May) precedi ;1I.-Lie planti ng of rice (Calkins, 1978). 

-A_ Australia. Munglbai is planted in late December or January, afterwheat or bar].ey, aid harvest:ed in May or June before early frost (Bott and
 
Kingston, 1976; Lawn and Russell, 1.978).
 

http:rotaLi:.on
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(g) U.S.A. Mungbeans are planted in June after winter wheat and 

harvested in September or October, before wheat is planted, in Oklahoma 

and Texas. 

(I) Peru. Mungbean is cultivated, under irrigation, from December 

until February, in the northwest co:;stal area. 

Detrimental Effect of Continuous Cropping 

Mungbean grown continuously on the same land may lead to soil effects 

injurious to succeeding mungbeai crops (Ventura and Watanabe, 1978). In the 

PhilippIines, after two or7 three successive crop~s, yields were reduced, 

plants were stunt ed, , (in wilted and died. B, the seventh cropping, few 

plants s;urv I.wed in spite of eff:ort s to mainLain soil Fort7 ity, and control 

insects, disw:;.:.', :iiil lemLo(Ies . A soil horlie funqus which infecLs 

munqJhb oa iiots, or produces a to<i c substLance inhiihtirq root qirowth was 

suspected as a cauisal.1 ageLt. Similar effects [ram qrowigq succes'siye crops 

of mui gbeai we :e ob;erved at AVRDC in Taiwan (Park, p.e rsonal cormlauni cation, 
1980). A reported allelopathic effect of murghean on rice in Thai1and was 
not confirmed by experimental plants (Gymnpmanitasiri eL al., 1978). 

Ferti lizat ion 

Mungbeaiis are generally grown without commercial fertilizers. This 

reflects the image that mungbean is a low yielding crop which farmers consider 

uneconomical t lertilize. Generally, fertilization will. not be beneficial if 
mungbeans are g rown wi.th deficient soil moisture, poor Li11age, thin stands, 

or inado quate weed and pest contro].. It is a more coimnon practice to provide 

fertilizer amieniment:s to the primary crop in the rot0ation and depend upon 

mungbean to beneft from the residual effects after the primary crop is 

harvested. 

The ideal fertility system is one that first corrects soil mineral 

deficiencies, and then replaces nutrients removed in the harvested crops. 

Mungbeans which produhce a grain yield of 1 m.t./ha wi .l remove from the 

soil approx imate ly 39 kg/ha N, 3.,4 kg/ha I', ]0.3 kg/ha K, and 1.2 kg/ha Ca. 

The amounts of these e l ements removed wil hein creased in addi t:i.on thehe if 

plant residues are reo ved arid nio t retLurnod( to the i I. .. :cept for nitrogen, 

which can hu supplied by nitrogen fixing activity of appropr..iate soil. 

rhizobia, the eleu its need to be repl1,aced to , rvi.d de.letion of the soil 

mineral s;ovel .'rus. Th best quide to fert:ilizer needs for a particular 

field is a soil..i t l:e. In the U.S.A., soybean yieldis have shiown a consistent 
relat.ionshiip with natural ferLi li ty, as measured by sei I tests for P and K, 

and ptl (dcMooy, Pesek, and S[pal.[don, 19711). A simil ar relat, i.Lisil:ip may be 

expected with llln(Jbeal. Ini the absence of a soil test, resulLt.s fron 
experimnLtal trai, is in s imi.lar soils and environmnt ;s, reslil t1s of 

forti l.i,zatLi.on of adjacent farmer' s fields, aid ob:e;vatiois of the 
thriftiness and productivity of plants growinq in the rield, may serve 

as rouqh quides to fertilizer needs. 

http:l.i,zatLi.on
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Nitrogen fertilization tends 
to depress rhizobial activity and
 
nitrogen fixation in legumes. 
 However, with mungbeans, many research
 
reports show that a 
small amount of nitrogen ferti lixer as starter isa 

beneficial (Mlooian. and Jana, ]965; Tucker and Matlock, 1969; K. K. Singh
et al., 1975; T. Singh, Agqawa], and Sinqh, 1975; Sandhi e.t i., ]978;
C. Singh and Yadav, 1978; P'CARR, 1977; Nallmpang, 1978; and Park, 1978A).

This is due to the time required for ndtiules to develop on young plants,

and to the slow growth of the munqbean plant the fiist few weeks 
Fo]llowing
 
emergence as rep.orted by Kuo, Waii' e: al]. (1978). For nit rogenlafixation, 
a strain of 1ThL.c Ob that is effcctive on mungbean must he present in the
 
root zone.
 

Most soils 
on which munebeain is grown are deficient1: in available
 
phosphorus;. 
 Munrlbean responds to phrosphate Fertilization in a variety of 
soil types and climatic condition:. Favorable responses have been reported
from Austral ia ()hert;,, 1961) ; Baiqlaciesh (Islam, 1978) ; India, (Deshpande
and Bathkal, 1965; Sreenivas, IUpadhymy, and Warokar, 1968; Pra:ad, Bhendia,
and Bains, 1968; Mandlli and Tiwalri, 1971; K. K. Singh et al., 1975; T.

SOSgh et ll., .1975; P' n!u.ir, Singlh, ani Mis:ra, 1976; Da 
 and i'atra, 1977;
 
and others) ; Malaysia (A!ubaker t, all. , 1978) ; 
 Ph1 lpp ine; (PCARR, L.977);

Thailaind (Na lampang, L_97.1 and 1978) ; U.S.A. (Tucker iand Mlatlock, 1969);

and Vietnam (Thuy, 1969). A]thl;uvo amoints vary, reconmended alp I]icatinons

of 40(o to 80 kg/ha 112 Os are mof;t clilmon. W.L thout adetquate phospjhate

fertilization, rhizohia.I activit-y and nitroolun fi.xation will.1 be depressed
 
also.
 

Potassium Fertil.]izaLi.on of munqbean has received little attention in

the tropics suggesting that po tas deficiency is
tsium not generally a problem.
Tucker and Matlck (1.969) replort ed a sligiht but nonsign.icant response to
 
potassi tun !erkLili zation in Ok.lahoma , U.S.A. I.,egumes; generally respond

favorably to apjIi]cd~atitns; 
 of CA on a cid il,.iJs . L.imigiis roconmended For
rnungqban in the Phi ]n.i i u e; on s<o Is withI a 111 below 6.5 (1CARR, ll977).
There ha; been Ji.ttl.e re:; mrch wi. th ini.croleitri.anits nii mtinb.huan. Application
of sultur corrected a clilurot:ic cndtit.i ,r cmsund by .iiacttivation; of Fe and
 
increased y ield in nitt ans on a
mnt , calcareous soi I in Indi a (Mei ti and
 
Singh, 1979). Sull.fur, in combination wiL:h iitrojen ai id 
 !)hi sphorus increased 
protein and the sulfur bair i amino acids, met1i;onine, cystine, and
 
cysteine, in iuntjbLea in Indi.a 
(Arora and LtIthra, 1972). 

Most ferti t.ity e:periiments w]th munqbean report yield response, but

few exami ne thm .cccicmis oi Fti i. :za
O ion. A net rotfit of three rupees

for each ruptee invested 
 was reported by Chodhry and IFhmL-ia (1.971) in India. 
C. Singh and YAidav (1978) reported a favorablle cost-benefi t- ratio when 30 
to 40 kg/ha 1'10 w e a;p pI ed to mtUiqaii. laiwaw, Pondey, and Singh (1978),
using 197H p'rites, calctilated the econotm (, ilmum,t. rate For app licat:ion off 
phosphorus t ett .2 Tucke Mai
kg/h 1O,. I25 arnd lock (1969) reiported a 
profitable retu ii with HD kg/ha P 0"5; 5 k/hi of Ii did notwtgive -I
profit.able iel.rti. 'Th' )olnolin e; of ter i lzi qin';nubeai 'ne d ] i.uincqtntstudy in view t l q so.r';ively hiqhig r fert Ii ver cost.s. 'lhe largest yield
responie wi L. be obtii ned wben all essentiala eleiments arie in correct balance 
and good cultural practices are used. Fertilization of mungbean will hot be

profitable i.f stands are poor, weeds uncontrolled, and the 
crop subjected to
 
severe drought stress.
 

http:Fertil.]izaLi.on
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Seedbed Preparation
 

The seedbed for mungbean should be well pulverized and mello.w, so that 

the seed comes into close contact with the soil, and moisture should be 

available for rapid seed geimination. Poor seedbed preparation I,-ads to 

reduced or uneven germination, ;]low seedling growth, and increased weed 

competiLion. Soils that are dry rolowing harves; t of a monsoon crop of 

rice or maize are often in poor pl ysica] Coin.lit ion mt,ikng propeclration of 

tie seedbed di F i cult . [Indert these con Ldi)i ons seedbeds a t.ie oF ten cloddy 

and poorly .silepzre(,I, ciii in PIoor :c;tamlds. Til lage eui pment used for 

seedbed preparation varius from hand tools to mechanized machinery, according 

to the leve. of the local tjtlchnology. 

Seeding Methods and Rates 

Mungbean is planted broadcast, in rows, or in hills. The broadcast 

method is widely practiced in Asian countries where mungbean fol.lows rice 

and is grown at a low technology level. The investment is low as the method 

is time and laborr savin1q. The soil is plowed once or twice after the rice 

harvest. The mci eian otcd'-, are scattered by hand aid covered witih a harrow, 

drag, or by hat 'i rakilj. 3roaica.; P, ns reu.i.iepire hitIer seeding rates 

than row an t0 h altid The ,seedbed is is nally lessi- lant ilng re tire weedinqc. 
wel prepared, a-id Lhe seeds are covered to one vol deJ)ths , restIl]ting in 

uneven stands. Fert: i I izer, a 1though qeI(dom used, may be splread ahead of 

plowin.rg. 

Seed in in rows }nermits more iccurate spacing of plant:s than broadcasting. 
harvesting facilitated 

rows and yields aie ge-inerally im)-oved. Yi.elhds of munglbean seeded in rows in 

Vietnam we, Ic- eportLid ti Ie ()0 t:() 1,000 kg/ha compared to 300 to 500 kg/ha for 

broadcas to t (Tliuy, 'Te're iE; a telideicy topracLice broadcast 

Weeding, cii.Li vat iott, spray it;, fi aro by planting in 

ecL iiq 1.9C.)). 

seeding whres c I fertIlit' liid moi.:t-ire acr deficient, and yie]l potential 

is low, atid vow c;cieoi ii wcoro Ie it ilii ty atid Ifo i -ute iott'.itd u hi hller 

producLion ; c t it-iil. Spa ciini he twiet row!-, varies from 25 to 75 CHI 

dependinig et oi lirete ility , p itL cticwti o ht iqht , iiritiii.it y, and 

distance noe iL to a :cotodatLi ccit:iv,tti , !] crtyinq, ci ici licivo;ti.ng. In 

India, 25 to 3) )W g, ci t,,ei irerct-t, c dei (Sharta, 1972; 2andcu, Brar et 
al., 1970; 2harma ,nd Pltat-, 197 tdc; laroda, Lal, and Siinqh, 1979). 

For the International. lihi n i Nuroe ries, Park (1978B) recommends 40 cm 

row spacing in the dry 00easo1 and 50 cin in the wet season. Row spacings 

of 50 to 75 cIII ace trecomIietIded in the Philip)ines (PCARR, 1977) and the 

U.S.A. (ISDA, 1975). 

The seedinc ra te depends u)cin tlc i].ait ,oPi)uation desired. Not iany 

studies have, beei Urected towild Fi ndi ig tLhe o|,t imuim plant populationd L 

under partici.i-lar envi.rimiental. c(,ntt-i iioti-. MacKenzie, Cher et al. (1.975) 

grew inunqgbc-g ni ; int Tai.i wal owQVcrca r1tie of 10,000 to 800,00(0 c,.ants/h1a. 

Yields begain to i,1ateao betweeit 100,000 and 200,000 p]aicts/ha aid reached 

a maximim a t. 400,000 }1 atsta . As poliiations were itcreas;ed, plant 

height iiicreaqsed, pods per p] at decr:eased, but seed weight remained 

relatively constant. III tLie l'hilippines, populations of 300,000 to 

http:licivo;ti.ng
http:iiritiii.it
http:plowin.rg
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400,000 plants/ha are recommended. In India, Rathi and Verma (1974) suggestthat each plant be given 2an area of 675 to 300 cm (150,000 to 330,000
plants/ha). Row spacing, Spacing of plants within the row, seedand size,all af:fecL the plant population. Combinations of plant and row spacing
required to popu(jive p1ant ations of- 200,000, 300,000, and 400,000 plants/hawith two sIeed ii-zeaec- ive in 'Labi.e 6. Seedcin1i a.t"o arc based 100%on
seed gerinination, with zero mortality of seedi i.nq ant_, so adjustinent ofrate upwalrd of 10% t,(, 25% is required, depend-i ng u l,)i seed germination, soilmoistLure and phys iicrii conditions, and other factors tiliat may adversely affect 
stand establ.islinent. 

Table 6. Row and Plant Spacings and Seeding Rates Required for Plant 
Populations of 200- to 400,000 Plants/Ilectare. 

Desired Row Plant Seednng Rate a for Seeds
Plant Spacing Spacing with iCOO-Seed Weight of:

Population Within Row 75 a 50 g 

Plants/ha cm cm kg/ha kg/ha 

200,000 
 25 20.0 15 10 
50 10.0 15 10 
75 
 6.7 
 15 10
 

300,000 25 
 13.3 22.5 15
 
50 6.7 
 22.5 
 15

75 4.4 22.5 15 

400,000 25 
 10.0 
 30 20 
50 5.0 
 30 20
 
75 3.3 30 20 

aAssuming 100% germination and zero seedling mortality.
 

In northern Thailand, mungbean is seeded in hills on seedbeds previously
used to grow garlic or other vegetables. Spacing of hills vary, abut
50 x cm wi th 6 750 spacing to seeds/hill is common (Gympmantasiri et al.,
1978). In the Phili}ppines, hills are spaced 50 cm between rows and 25 to 30 cm within with 2 4rows, to seeds planted per hill (Mamicpic and Navarro,
1969). The hill method requires hand plantiic and is more laborious than 
seeding in rows. 
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Inoculation of Seed
 

RZhzcbium inoculation of mungbean should be practiced if mungbean has 

not been grown on the land previously, or if there is reason to suspect that 

the soil riizubi a is inadequate to promote effective nodulation. Because 

the cowpea-type rhizobia is widely disseminated in tropical areas, some
 

nodulatioii will occur in most fields regardless of whether or not the seed
 

has been inoculated.
 

If mungbean seed is inoculated, the following precautions should be
 

exercised:
 

a. Use a strain of bacteria that will nodulate mungbean effectively. 

b. Use fresh inoculum that has been stored in a cool, dry place. 

c. Mix well so that several thousand bacteria comes into contact with 

every mungbean seed. 

d. Plant the same day; do not expose inoculated seeds to sunlight, 

high temperatures, or drying winds. 

e. Plant inoculated s.'ed in moist soil and cover immediately. 

Date of Seeding
 

The date of seeding will vary with climatic patterns in the different
 

ecological areas where mungbean is grown. The cropping seasons for mungbean
 

in different countries have already been discussed. Some factors that
 

influence strtngly the dat: e of seodin are temperature, soil moisture, 

projected rainfall p-atterns, photoperi. d, sequence in the rotation, and 

seasonal occurrun-cc of di.sease and insect pests. Warm soil and air 
and rap id seedling growth.
temperatu res are r.quired for quick germ ination 

Mungbean growni . n d of Nh monsoon season needs toihe seeded quickly 

after the harvest Y w monsoon crop in order i:to make maximum utilization 

of the residual -,i no isture supply.In some are as, the date of seeding 

may be a]tered in odor to avoid ma:imum d isease and insect injury. In 

India, the vector sp;reading yellow mos!,aic viruis s least prevalent during 

summer, so viru damage i.sJ.o;; severe on mungbean planted during the 

summer season. In Thailand, beanfly damage may be reduced by planting in 

the summer season when the beanfly population is smallest. 

Water Management
 

Irrigation is essential for production of mungbean during the hot, dry 

summer season, and may be beneficial for rainfed mungbean during periods of 

drought. A presoakinug "r ior to planting may be beneficial on dry soils to 

Knis is followed by four to eight furrow irrigat:ions
prepare the wcedbed. 

throughout the gruwln.1 season as needed to avoid severe drought stress.
 

Drought stress is most harmulu] to seed yi'alds if it occm l-s just prior to
 

flowering and durinq the pod-fi.ling stage (Chiang and Hubbell, 1978).
 

Singh and Bhardwaj (1975), in India, propose that available soil moisture
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be maintained at 20% before flowering and 40% after flowering. 
Furrow

irrigation is preferable to sprinkler irrigation as 
there is less lodging
and damage to the mungbean plants. 
 Wet lands need to be drained since

mLngbean yields poorly in wet or waterlogged soils.
 

Cultivation and Weed Control 

Timely control of weeds is essential for high yields in mungbean.
Weeds compete with the 
 munqbean plant for soil moisture, mineral nutrients,
and light, an.
, hinider harvest operations. Uncontrolled, weeds may reduce
yields by as much as 901 (Madrid and Vega, 1971.). The first stcp in weedcontrol is 
a well prepared seedbed in which many of the weed seeds have
germinated and th
e weed seedling iants destroyed. 'The munygbhan pl]ant isnot strongly comu. itive with weeds during its oarly ,rowth (Mody, 1978),but the competi ti-ie os'0'<-iteion wi l1 be Lmij.roved wit-h hi.gh p.ant popu lations 
and inoculation wih oficiLnt rhiz:obi a] strain;. 

(a)C(ulit IiM n. We(ed coepe tiLion may he reduced by hiand weeding,hoeing, maMhi nu oul.tivat ion, and apilicat Lon of herbicides. Hand weedingmay be in juriou; i f it lI,, i;. or uproot s th,' munqbeau plant in the process.
need; to Ie exercisedCare in hooinq to provent injury to the iungbean rootsystem. The 
fi .rt 5- to (-week periol after seling is the critical time
 

to keep m llnibeai l woedfri, ,iCcordii ] to o.pei illi1ts i, the I'h.i .ippine;
(Madrid ard Wega, 1.971; Moody, L973), Tnlzania (1nyi , and1973) , India(Rethinim et; al., 1976A; 
M. S~igh, Kolar, and -andhu, I19"R). Row or hill­planting fac! I,LLates hand wecding and htoe in, td i-s w-sential For machinecult.ivation. Machi. ic cult ivatlion siiould be hlliI ow LI ovoid injury to theroot system. 
Wels nay be shadod ont by t ie early levelopme nt o1f a denseplant canopy. The pilant canopy dvel o;np JI e quickly L.f tie inngbeans are
planted in narrow rows and wit uIgh lg ant popul tOils. 

(b) Herbicides. Herbiucildes, either one1ii or iin combination withcultivation, may be used to cont.rl-ral weed. IliUnigbe an. Ie rbicidesc differ
in tile e ffectiveness witL whicli LIII 'y conitro1 differernt weed species, so
accurate .identification of the weed Ipecies to be controlled 
is needed.
The effectivenes12 
s of the hii is fFcLcted by tie time, rate, andmethod cf F [>I.I byicat iou; temiatL uie , ad other enviromentlllen tal. conditions
 
at the tiie o application; 
and I' so.]i texture . l igher rates oIf

herbjicido; 
 are iormial y , I] a ;do rqaio; or clay 50 i In, dle t:oad(o0rp tion on oiilI (7 ,.. pa.ic;,t and lower r7atels oin coar.sc: Lextured
 
or sand, .oi ls . .ea:.lin,; weeds ire more eas;il y kiJIu7 
 d than mature weeds,
and the-.ir dwst rtoction resuts 
in -less coripet.itIion to tie iflll plant(lunpeaii
than if th weds are permi:t:edtoi(I maiture. The rate oF ilerbic ide applicationshould be 
adjlsted to qive llaximuim weed control. without signif1icant injury
to the mlii qbe. II plant:. Al j-licat:iqin Jtos .i.i excess of those needed foreffect i ve , tr-] of weoodIs cau unnlilIl'cessary )rOdluct ion costs and also
 
inhreases:; the 
in.jury t h( llllgh in plaii-t. 

The m Lhodiof apl.i.cation is determined by tile specific herbicidebeing used and the type of weed to be controlled. Herbicides that
volatilize readily, or which decompose upon exposure to sunlight, are
 



44 

applied before plantine and mixed with the upper 1- to 2-inches of soil, 

but kept above the germi natiItg seed. Known as p.qop.Cf n't herbicides, they 

are used primar i].y to k il. qrass-type weeks but may also be e flfective on 

some broad leai" weeds. P!LQ inn.'lge"jCIC hubl.ides, u;ed to ki] broadleaf 

weeds and ,omo, welO ,ro;:l i ,s . it I--led by prepl]ant 1he-rbi cide 

applications, are ;prayed-'. t: tHe weed p.]ants. If tihe herbicide is 

harirf , l oi't p Iut 2'Ofl ic-it i"sl:; may be made t' the weeds,1.to anii , f'i] 
about two to three wrt, Atolt the wmetq the ricyrii.buan crop. Beforernc;(e ol 


I 1 ij:it: ly to learn 

it I.I l, c:rioj on it cdn he applied safely, 
applyinyl a trbici o, th ' strol1i j' ecartelu nd 

which weeis l oii lOn ' which 

the methot do! rait, aplic.1ation, and sp)ecif apL trecauti onis t" b( taken 

with its use. IL, i' Lc. are qcacral.1y applien in a liqitdri form with a 

sprayer. .r inllr he rbicides are more exp ensiva, le ss ef feetive, arid 

would rare ly he used on11wtra-in legumtres such as miuIrbtleart. 

Increase in qr,*i n y.iod s or mnii!iebo in from w:ed control have been 

reported from IndiA by P. Si nh, ChOntlroy, and Kur'nhwaha (197]), Saroha 

and Gupta (1972), Retinahm PLI alI. (.1.971), Thanla raj and Soundarapandian 

(1.974), Rethin,:m , S l,karan, and San aral (1976), Rethinam et: al. (1976B), 

Patro and 'osrht (1977), And witih bl;r., t m by Ali t a]. (1974). The 

2 ow 1, I ''Oetoioi oe,,r uiweeded averagjed 82% inincrease ini qaiV Iol 

five ex;l rioalt . ]lit'n ;t' : ) 'itt it u or,1" cildi(ido, o'.er unweeded checks 

were as I II'''' : tri l- lit , 51. (1 ex:p'uriimo'nt); 2,4D 1,, 20% (1 experiment); 

) ; , hlor, 9V,, (5 ex. erim-mit:s) ; terbtrtryn,nitrofeun, Q'tV ('5 ixim ttn 

185% (Q ex'pe' intsI I ); and dii'It }lo i mn t , H3Y (At xp'rm.t.t ). A parti al list 

r Ittttlir<e .; oiver Tab' ,' liof herbicideos fior- weed cu'y'o in i 'i ii 7. the 

Phi.1.ij r;inotw, hut- r i A It tI t;,ed -umu 1 i CdtiolI A and u t are li. t, tt' r irpon ,t 

ut -ao hr ilef wtlds, arid bertt an for p.ost­to control i mrssc;and itainu 


elitrgeni c lic ititi to ,:Ui n bl "Ii'ldl voodsAt'll ed e'U. (PCARR, 1977).
 

i r i I l t'. it ICe ,pld'it' twil antlIt Australia , LI Ii tlr.l] ii ri 	 as, Eet itel (I, 

, t] ri i and pio] tlralin. aretirt ,tiiRussell, 1978). . 1" l O. 1 	hot,, 
I'A t1'A .,o t orc'l i ' i ' ,>t t t. L(Iiririlbeariused for prepl.I t tiei d 

(Greer, 190Cr). At. AVP.i.t', itit. aliii cont-r-t ll..t.o I n LI-r ;r.s and broadleaf 

weeds with r toto t e mu (AVRI;D? 1973Cy).minimu thiima' rqiiitbeoit , 

CurretI.ly , tLh: fmreltl[.iOt jd nhirL:<it irol M'[ heriicidos is a dynamic 

field oi ractivity. New, im:ritrvn.ed herbicides maly h e expected to replace 

those li.sted hero, or-curteit ly u;ed Ihorbicides may be removed from the 

the i ,1- t ory. IrO! perforiance of altmarket if h r O oriii et 'ins i 5 Fct 

r ct:t'ud tol.'.nvinimintal a nd ot.1 uro fatc Iirs , andherbicide io i 1y mn y 

sp'ecific tohibi i , sh.otuldh e t l tIc' i tih'rtuhlty in at ar'i bofore their 

Als'to'\ tlt'h V iewso a 	 h*e bicidu on the 

uidrttL inr m rntqbean 
use is littt'iiCih ;Si, 	 f r.,r.ticla] 

rhizo:'b...l sdt-r-it itn Ile s'il thit arc Ii-ici'itt lit noi 

careful sttdy lItot(ru t ip herb. cidto is troer to e'onat rol weeds in rnungbean.need 

Use oit -ici- ; tu ' t r 'I weeds; w i I I he ct ii't wi d0 ly inrli ii ih i 	 p.' i cod 

developed count tiuS wheot ltl(tiithr',ri t is tcowir L in I 00 TField;; latbor costs 

arc' higi; and herbi cidehs'>, <; 'voay 'UipIntent , a,t te '}tt.icail soi, stance are 

readily avail.al . aite ot a ,ldicaticarit .]tidt irc rrlporat.:o r tL t.lant
 

wi It re t te where rather tchran application
horbiciden; b acca iiacline hand 

procedures are tsed. WhherCe irtur rtnbean .isgrown in trot:pical areas wi.th a low 

http:avail.al
http:im:ritrvn.ed
http:CurretI.ly
http:Phi.1.ij
http:qcacral.1y
http:p.qop.Cf
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Table 7. Partial List of Herbicides for Weed Control in Mungbean.
 

Common Name Trade Nameb Method of Application Types of Weeds Controlled
 

Alachlor Lasso 
 Preolant or creemergence 
 Annual grasses, nutsedge, and some broadleafs
 
;entazon Basagram Postemercence Broadleafs
 
Butralin Amex 820 Preplant 
 Annual grasses and some broadleafs 
Chloramben Amiben Prenlant or preemergence Annual grasses and man,,, broadleafs 
Chlorthal, DCPA Dacthal Preemergence Annual grasses and a few broadleafs
 
Diphenamid Dymid 
 Preolant or preemergence Annual grasses and some broadleafs
 
Nitrofen TOK 
 pre- or postemergence 
 Annual grasses and some broadleafs
 
Trifluralin Treflan Preplant 
 Annual grasses and some broadleafs
 
Vernolate Vernam Preplant 
 Annual grasses, nutsedae, and some broadleafs 
2, 4-DB Butyrac Postemergence Broadleafs 

rn
 

aRegulations regarding use of herbicides may vary from country to country. 
 Before using a herbicide
 
on mungbean, local regulations should be examined to insure that use of the herbicide is not prohibited.

The label on the herbicide should be examined carefully for 
croc on which use is safely recommended by

the manufcturer, for particular weed species that may be controlled, and for precautions to be taken 
in handling and use of the herbicide. 

bTrade names 
are used in this publication to provide specific information. Mention of a trade name

does not constitute a warranty of the product by the University of Puerto Rico, the U.S. Agency for
 
International Develooment, or the authors, or an endorsement over other products not mentioned.
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level of technology, herbicides, even if available, may be too costly to
 

use. Local studies on the economics of their use by the subsistance
 

farmer are needed.
 

Harvesting and Threshing 

In tropical countries, most mungbeans are harvested by hand picking 

ripe pods. The pods are ripe and ready to pick when they turn black or 

brown. This occurs about three weeks after the flower opens. The growth 

habit of the mungbuan lant is indete rminate ; n w flowers open and pods 

ripen over a ,t rho Of: weeks. The im n plint not senesce,o ofsevera. nlhe an does 

the process a f ruachii ph.ioo,,gical maturity :-,I lowed by shedding of 

leaves ui i farm ly from the '.1 ant:. I t is coioIin toa hIve green ]eavcs, open 

flowers, ue:n Iot;, and ripje pids on a tinilf',ela plant at the same time. 

Ripe podh-; relli in nj on the , ;inlt for l on(g },Lr.i ad.; may .;iatLer. During 

long periods of precipi taioni and high humidi ty, th: ripe seeds may mold 

or even siIrout iln the pod. 'T(o iid I oss "ri diliagc L ) seeds, in many 

areas the mat- ire pods are icked as they ripen. lai ig-season varieties 

require Liree to five pickings. New, short-season varieties may need 
only two or three pckings. 

llaud p e Ji.ng is 1,aiorous aid the most expensive single operation in 

mungbeanp lpichet 0m. ft ,amounts to 25 to 30% of the total production cost, 

and 40 to 50': of the tot.al Io,,.or cost (Calkins, 1978). At AVRDC, in 

Taiwin, the f l cIr-op was harvest:ed more c I ficint ly than the spring crop 

because the fall h.a rves t was comnuicLed with two p ickin g s, vs. three to 

five picking< in W,e :priig. in the I-al I, Iaborers d vaged 3 kq/hr per 

person, in tie rinq they only avege t 1.9 k,/hi (A\VDC, 19'A). 

y withi wiicli theyculd ht hirvosted.Varieties dii ti u iin the (lticiniR 

Ini the hfal Iilorers could hairv,.;t 41.6 kt/Ia of tolie varietyfai]I il'J< L, 
of the vnripty ML-3. PIHVIV fi-p(duces longPHLV]8 but only 2.2 kg/hr 

pods and ];trqe needs, witii innL of t the pods borne in the top o1 the 

plant where Mhoy ire cas i ly accessible. MI,-3 p roduices shioritI:pods and 

hLI 'a; tL red inifto rmly Mihe )lant, requiringSilIll seesis;, with :IM ,.sci over 

additional time ,i t 'i ck in'. 

Pods p i cked by handit are dried in the sun and threshed by trampling; 

or they are pl1icedt iii jLta bag and beaten out with a stick. Seed is 

separated From lhe hull by screning and by wi nnowing. Seed needs to 

be dried to 121 moi s Lure or below before storing. 

Efforts are be iniit ialde to ie chainize the ha rvestinig operation to reduce 

labor costs. Thn eLiivo 10ait may he harvesLed with a sickle and seeds 

trampled ,ii (1.1l;iii, 197 ,), OL cut and thireshd on smal threshers such as 

used in Sonhisiit A;i i F' ir i ce and wheatF. Cutting anid threshing increased 

labor efficieny tenrFo]d ever hiaid pickini(J iL AVRDC (AVRDC, 1978H). A 

L onue withi a spike toothl cylinderthresher wi Li a i:;;' inn; tar is suj rior 

as fewer seedsh will he cracked aild laniied . lii the II. S.A. aiid Australia, 

by directly 

or by pickinig up harvested plniiit s f rom a wi ndrow. li harvesting with a 

combine, g round speed should be kept slow to avoid shattering, and cylinder 

muiigbean is hirv lt wi tli a c.. Lne-Mthrsh er, i bher cutiti ng 
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speed slowed down to prevent cracking or injuring the seed coat and embryo.

Otherwise, seed germination will be impaired.
 

Seeds should contain no more than 12 
to 13% moisture at time of combining

if they are 
to bw stored without drying. Combining below 10% moisture may

result in excessive cracking or seedcoat injury. 
 Uneven ripening of mungbean
pods and ripening of[ pods before all of th le aves are dry causes problems

in combinnq. De laying the10 comblining unilt all poCds are 
ripe will cause
 
loss fr7om shattering of earl -ly ripining pods. (enerally, munqhbeai may be

combinied wheni about 75, 
of tie poIs are ripe. Combiiin <it tihi; st:age

results in st e (gJ leaves,
reen brokon green s10_m1s , aid inmatlure. send; beingj

included with thel 
grain.i 'This mater i.] wi ll increase the moistunre content
 
of the seed tin].l(sis removedv. Otherwis;e, the grain heats raIdly and the
 
seeds lose v hi Ii tv mak inq thoem tn it trv ;or
rout rg. Art i fl ciaI heat may
be employed to aid in drying, but- dryin at too high a teoi-)>1rature will
 
reduce goerminaction. The maximum temperature 
tor drying soybeans to be 
used for seed is 
43C, and this would seem to be 
a safe maximum temperature

for drying mungbean. Dried seed needs 
to be handled careFuly to avoid
 
cracking.
 

Defoliation
 

Dessicants may be applied to mungbean before combine harvesting to kill

leaves and reduce the green foreign material in the combine harvested seed.
 
Other benefits are earlier harvest with less loss 
from shattering and faster
 
combine ground speed. In Australia, the dessican t, paraquat, applied when
 
pods were 75 to 100 maturu did not significait]y reduce yields (Beech and
 
Wood, 197H). Use o f 
 a dessicant increases the production cost. The label
 
of the dessicant should be examined carefully to determine whether or not
 
it is approved for use on mungbean.
 

Storage
 

For storage, mungbean should be dried to a moisture content of 10 
to 12%,

have foreign material removed, be kept in 
a cool dry place, and protected

from insects and rodents. Mungbean has a long germination life if properly

stored. Deterioration in storage is primarily due 
to molds and iisects. Both
 
are favored by high moisture and warm temp'eratures. Good ventilation of
 
storage arias to di ss ipate accumulated heat or moisture is 
an essential
 
safeguard. Forced air drying of seel storage in bins will aid in keeping
 
the grain in good condition.
 

The most Collnl and lest. rictive s torago pests of mungbean are the bean
weevils, CaLCo5obA[Uwhrt CAA(I.5t.L L. aid C. tmatctlu _tn !.F. (S. N. Singh and 
Lal, 197 5). Infesto graiin may he compl]etely de:;t:oyed by these insects. 
Control be(giis by. tioi(milqily cleaigii all storage areas<, bins, sacks, or
 
other coot ii -. cd in c(t; lor(l l]rlets of inftested g aLili. Bins, sacks, or 
containers s ,iid .i I 0t1lfuigated with a 1lum1 it iin pto:;phi1e or spray'ed with 
malathion. Cire should be taken to prevent bringing insects or insect eggs
in with grain. Drying grain by exposure to hot sumimer sun will destroy 
many of the insects. 



VIII GENETICS
 

Genetic studies of the munqbean have been conducted largely in India
 

where the crop is grown most extensively. Even so, the studies have been
 

limited, reflecting the lesser impolrtance oI mungbean as a crop, in
 

TIi small size of the chromosomescomparison with the cereals, or soybeans. 


also discourages cytoloqical studies, or makes them difficult at best.
 

Cytology
 

Mungbean has the chromosome number 2n = 2x = 22 (Karpechenko, 1.925). 

The chromosomes vary in lenqth From 28.1 to 73.3 pJand may be identified 

at pachyLene on the baIsis of chromosome arm.n ratios and rel.at ive' l].engths 

(Krishnan and Do, 9 59M). Kri.shan and De grmlped t:he ;oiatic chromosomnes 
into six ty,'pe (m the las in(s(of .leqth, pos iLion of th1 centrowi ere, and 

" chrOllOsomesi ons. ucl 

di.ffer i n r l t i ve len; hLi m! ";t i i)n or secon lary cins.I ricit: Ii!:; at 

pachyt:eiie andan;d ; l I (.1.mt Iii:;t: a ie an cIl ali il of lk-ryotypos 

in three A yp,; ,n. tw, ci]tiv, .a varieties, wild types 

presIeIcO (w 1bs(eIn(c f tO(!('-)11 ,iI (700SF ii tcn Two 111l un l0 -ar 

wLo i ed the had 

short(r' : ;oict Ili ( )ITo(ll1.; the I tei] t e sIt' thain (cl] iVi ti' vari (Shiivastava, 

Singh, and O;hArrIri, 19./M1). ihaln,aar et. a]. (t971) (;mipared the chromosome 

complIoionts oi severl11related and s;uggi.;esLed a iaiotype Forimiulna 

for 11unlg 11l + I (whe re 1, - .ong, 2.7 t-o 1.5 11; "M medium,l an, l,:; F t- Wl1 

. 9 to 2.6 ; . sulime(dian :noitromere; and iledian centroncre) 

Interspeci fic Hybridization 

Mungbean (/Ljmi kadtata (L.) Wiiczek) is closely related to blackgram 

(V. mLt190 (L.) Wle;qter), rice bean (V/. umbe.tfata (Thumb.) Ohwi and Ohashi), 

adzuki bean (V1.angqktt&S. (W:i. .ld.) Ohwi and Ohashi), and a wild species, V. 
M Mtvatawr. s.,(h CCott (Roxb.) Ve rdc. All of the related species, like 

munq br lll, have Ai r )lr ;( nuiii be rs of 21n - 2x = 22. (]elOiflm designations AA 

have ,on p r(,.posd 1-(v V. Iad(a(ta and 1V.mlltuigo (Dana, 1960A) an(d AA or 

V. MtOtlO(a'- (Dana, 196(dB). B lackqram, riceboan, and ad: uki bean have 

characteristicsi-that: would he u15(-1 i1Iin uibeaii iLFthey coild be transferred 

through breedin; procediures. So Far, this has not been accompllished. 

The inte rn;loci.tic cross, inuigbean x blackqr-aim, has been made by Sen and 

Ghosh (196)A), Dina (1966A), Do and iKri.shnan (1966), An and lartmann 

(1978B), and at: AVRDC (AVRDC, 1.979). BIaclakqrini his resisita:nce to the 

disease pt e (ai lns ii; lef 01(,t1 imni 510,1.), yellowiyl-o s Cc,.OOSpocla , l-ii aid 

mosaic viiu:;; 17 s;is to .- W i hi ill , iig cojiLteni-ince cowl iwO1C'! .i l anli I lIlt'mie in 

ootolein. cross if F used thetie l;'eod The is siicces;fiil only mniiqb ai is as 

female pharent. Comj ati li.ty, as meostuid by percenL hybrid shed; obtained, 

germination of hyb rid seeds , and survival of F lP, varies withlan ts, the parent
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genotypes (AVR[C, 1.979). 
 Compat ibilit,y is improved if two munqbean

varieti.s Are crossud and the 
P1 crossed as fenale with backq rim, but
 
germinat ion of P2 5Otd 
 .S .iSt i rregular (Ahn and Hlartman, 1978B).
Fertility wa; partia lly 
ru, torudi by converti ng the Fi i.nto an amphidiploid
(U3.Singh andl Singh, 1975).
 

The ric'! heam i:a rsi- 'ltAnt t, tthe pth~tielnI ns ipqll:;I' Cckco5posOta leaf
 
s)ot antd .,'(It'V, w ,ii ., thu beant-ly. The ii ,tt:,rpec. tic cross,
 lWi W 

ifltiqbeotan x rice 
 Win, lis buen made, by Dana (.19(6H) , S;awa (1974) , Ahn and 
Hfartmanin (197Mi.), and at AV.9)C (AVRDC, 1979). Somir v.iabAl II :neds .re
 
obtained if muFih ;h,in,;i s:od I!; t.1h..f(,mn] pine it-, Iilt. F' 1 lanlts arie
 
s t-:r.i ,:. 'i'],h'.',l ot i lity s i I
i 1 IV o)Vei2ComIIh2 by d ub iinq the

ch/ollt);o l,
U q Al)ia.iH ,1m1,1-idil,lk~id. 

Thi. i ,ta'!;t.c(il ic c an, ntnila'i :-:adzuki bean, has been ieported by
Sawa (197.) il Aim l Wlitimann (19781A and 1978B). In b)th attempts, the 
cross * ,a nel::),t,.,t Itw wia ,.' alow y and then albryted sort: ly after 
poLl iati.n. By 'u lturl.iing I-1 cml ryo , a ftw seed lin'j iiybrid lants wereohljtie I wl(i.: cll-iliat i I utL. i tuy firlduinj mi, seid:;. 'I'he low level o­
chrolsoi;oin, 'airil 
 l . ; hat. the t,'o pcio!n are di tatat Iy ccl aced. 

A ot -a t't U :< 1!. MOMnu 'lm('(.(ct vat. SibWAtbu tu , to wild rl ative, 
WAS ro t i t1a I - In:e i t-iiIv *.i16y UI IIII 't"I IiWan wad As tilt Iliat'
pci -,tiit (Ahnj, - tI Hi B, I17;'), I , , .I
!bilut -, Walme :-hicec f.;l] art
 
AVRDC (AVRIP(, 19t79). Aliti! i 
 Irid atr 

tilet'it ol, (l .a ,ii a,t';W! ICit it' iIi :h ;'ql, t 


MWa n in I - a: th,' :r(,)o i -;lhtlie! l, 
in)U. A a men:;.; btwe n iflilli(jbealn 

And ,II Ullid ti i I t ,l,K d":I tc5t .Ki,itc. :c I.. lant
PA w; itL i I. tF that 
reachei iiuit. i !.Eattiit l

Ulat t. 1n-F[ Htt ? :ti: [ . A ar(Ma ')(,) o f iIto-u 

tet -k ]o'Ii a tlla sIc, t II i i ip' (lylucc i 1 'k,?2,, N Ollthl, 
t! l i'.v til il.t, hii (V ICal i, t l LV&t,llyhl id! p lan! ; !-,Ii lad< l( ,' :< l L ' 'ax"' cop t:; whlell
 

h lckurl- a' l' r1, li'lli.lo I(,. t:Jha ,munt'tY t.,i~ 
lll(lboanl (F Imh l nl Andl~ Do)(,
 

1968). lii.i II]nt Ai'ti , 
 .intjbOan >: (/. t-'t(xCOLA~b ta w re sterile;
 
when tile ]r'lionoin:-;i tdc'oubledti
, C i1- i t amnphiidil] id. were (tItainOd
 
(Dana, 196iC Aind MOD).
 

Genetic Variabi ty ViL P9Wi tcq(alt~ 

Di.veient views hiave been ex;plressed about the range of qeneti.c
 
van abi lity i: the munqtbean. ML.icrlbean 
 breders in varkLots cohntries 
iniitiatet Ibiel inij l arin!A ; Witi ] amaf 11I i ikleious r,]l]ect i(ns of related
 
(fonhllq1 dim. I. Ot pYt-titi-ccA; m1h,ceudi .jrainn(otteii led
in i , l r ,ii'; to 

th, ti ,I:; 6 ;it1p1 i i c ' In 1 ] Wona, t i c ac 1k 1 ;I t y in: i l;"'chon' l 

(-ltiii ,A i) ia tIl tt+"'l I, ] iI itLI 'Ic.- I ].2 b c;~' Wltl]l i- Vl, ((l I tc .it-c lit 'K'' A' IflOiCO 
optimitn i cJ7itn,.ln(inkt ,c hil a:' t1:tW lw',+,,t low+ W i.t2,,w in' v',ri~thi Iity 


rept tte in 'p;I lItq ,viil, it l a ttini,,:; ctl-, t, bb 1'Pha VI t t .

(19(,( ) , 0 0 0a0'..i'nrv t al. ( !M R-), ;qI I a.t il';lh( I'0(7 ) , Y'''i . ,itli ch l an
 
(197 ), ,.lahotr,, 
 :Mitti /.1:A) 
AVRDC, , c mi i , I'W.as 

ina , Ind ( 1 , AVii (1'7), andI W h i;. At 
i-:; wW itnt.t I,I 7'.1 pllit il.it ic.1 Illa~iratred 

-,i9 'tI(i<) iiCi chawl- ari .' ; s ;h 'I 1yielt' , t.l;/tA,-i:, n emals/it'!,, , 1 i)0 () tiedweight, J) ,(] [I,",tl, Andm 1"7CC .of!:te s Y9) Siqni fic:ant di ffurenc(es 

http:li'lli.lo
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among varieties were recorded for all. cha racters studied, s I ge< tknq that 

for vIrietal imllprovelle t in these characteristicsgenetic variail it y adequate 

was available among the accessi(n<.s evaluated. Since unndaiLd aLains are 

included ini these studios<;, i: is reolativel,' omnon t.) obser4ve agenel iily 

wide vir-iat ion ini ex::eq2:-1 (liA ., quant:it.at ively mfc LUuied pljit chLractr(2is. 
fi M e11reor: t s.' M y het ove r ly op t>imis.t i.: ,.bout- t~h (eFo r th is< reas.tmll stowlt o 

useful rante o4f- (ii.I I ]ti:y, (-51(2(ial I 	 weie( only ,1.1.11 1. lilnllbe Of 

WihLii iualit Ictaitivi. ijilracter:;, t hu bruieder njeedsaccessl(iIons VwO1t ,.a ini lI. 
linprovementsAlCl Lo
to look forVvLaIaiid;,ili.7v wtha] itribu to . i(J t.i cant 

over adapted vafrieties.
 

t col'-ree: del; ici encies ]in adapLted
Searches to find spec Fi c geies 

vaieLeies are oftLen less rewarding. The la riges t co.oct iol of mungbean 

accessi oni.s5,is maint ained at the Asian Vegetablegermlll 1 isfli , al)OutL 5,000 
Hut only iResearch and I,,velopmenLit Ceiter (AVPC), 51III1tII, ''aiwan . 

lllni e of cic.ss io froi the ,1:U].:i 4ioihiv,' been j.donLiLiied withsia]l 

lce 'te:; l"imp ant disttse jwtiogol.; or insec0t:ts. [or examl)]o,resi to i ri 

was ideiit:i fied (on1ly in ( accessions;resistaclle for Ct'Q.OSOW. luha spot: 
3 ]5 lvw;; e;,i 42l l OIfunreOs is tanlce ofo ,wieI ii!.'c.w in 1l5 ,i2'(21 ;s i alice lji olwan 

l i L 
mott e lelosai c in 7 ac1essions; ist-ii-eo; Fo ilii1,,-ol F WilI 

lr" i.<s; F("-( r4 umintL(1o ,I acce:ssions1disease comllijtex, liI)ibe i ( toLkiioL in 

i- pod boe r, inOne(3res;istlnce( Fr .IeaIlhlyin 3 ''0' ionhs; 	 re sistance 

<; (ccI ioI, (AVRDC, L979).highly rei:;ist:anl; c? .m;isttli(" )i l lii i in P 

Tt is thLit (inf iu '(:o;:;tili:; I ,;ist ilt to the pa'.t icu lalrrlobail)ly s or- il I 

pest aye roliif 0t, hence the aitul 1un1bt 0o (ofltos Forl rt f.IsOance with 

which the bree e hi; Li, woik May he even fewer than indicated by the 

number of resisant . ines idtit:i.ied. 

x l 	 (fs ae:e inport ant in evaluagtingTile genotypLj- e l ll'it int iTto:(tl_ 

striL s for poLtfl i:il yil]diiig ,,hi Iity . Ini any part.icli] ar trial, ;dverse 

di , length of c lowi-liCI season, presenceOiVironllIinLii 10<1t.;!' taL I h tlopopi 

which
i us.-1 the a 

t i i l  '69) . This 
of loca]. diSLA SC., ,,t . , 4 uii ";l-ly i :4pair yield of strain 

at ,i'i 2-t4Iihini<vIrts ,nay have hi gh yi FI.ain- ii" l 	 (Joshii 

IC ,Af 	 lilii the .t:h IntLr nlL ional
WaS d( iliOilSL;aitIt il 01 . at loiiii, iiA, J -), in 
"iinbeaii Nt.ser y, wlie I-he on l ' ;t 11ii; th.li -(,icnh'oui e o:nnai yie.Ids 

were those v'th t-Ai.<1'I liii to L i iipl, l 4l0Ion y.l]ow11i(), i virus; ( lehilman 

blem with ii lInof olerilI'1l,;1i lte<it1onlset al.., 1 7(). An i-01)10111 .,'I l 	 c¢od 

qeln"W n" 41) 4 a;'; re .ev in tW1e 

jerm1lO iasm am11ong mun(lbean 
is that: I live r ity is l)n jI ' b'y divo y 

(eograp1lh.i c Y1qj 111 ian '-cce;s;.5I . 1Kxchn 'e;s in 
theit now!llts-;rdin, or-,.liqhl on"~lJ.ll i.t,vdrhi of

bro(oders; hnstf resutlted< inl 

Jhi.c iYIn . T'he qo-i pll}a.; coll(ction
bein 1ttown In liiy di ffl-l-e-iit<l,: rl 

ait- AVRDC numro ui1 dupl]icatirins be(.cause theio .ae. I:lra in was submitLed
 

to it by breieders fro ii than i)nie production areL.
M)1orel 


The :importance of dove Iil, and manl.taining diverse qermplasmn 

collections is discissed later in this report.
 

0 Ia] VLa Live Inh er17itanice in~ Munbean 

weoe begun in India by Bose (Bose, 1939).Genetic stuLdies in imiunghean 

Presently, 45 genes have been identified ([ery, 1980). Fery, in his 

"Genetics of V.gna." constructed a set of gene nomenclature rules for the 

http:on"~lJ.ll
http:cce;s;.5I
http:iid;,ili.7v
http:quant:it.at
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genus Vi.gnac, 
 adapted from nomenclature rules developed for Cucurbitaceae,
and proposed a preferred gene symbol for each of the 45 t/.L uia !Rad.Lata genes. 

Twenty-seven of the 45 genes reported relate to color of munjbean
plant structu res. The color markings include epicoty] color 
(Sen and
Ghosh, 1959); flower color 
(Bose, 1.939; van Rheenan, I9o5 ; Murty andPatel, 1972-73); foliage color (i'atha] ad Singh, 1963); IFruit color(Sen and Ghosh, 1959); pubescncu co lor (Sun aid (iii<', 1959) ; hypocotyl
color (Sen and (2ho<sh, 1959; vail R1i enan, 1965; Swindell and11(Poh]iman,
197H) ; pod color (Sen ind hsh, 1959; Pathak and SLirpli, 1963) ; podsuture color (Bose, 1939; Pathak and Si.ngh, 1963; Miirty iand i'atl,1972-73); 
and sued coat coor (Bose, 1939; 
Sun and (iho s1r, 1959; vanRheenan, 1965; M. . Siigi, 1971). Inihit 
ane studies; rlatirg 
to color of
plant structures are often difFicult to linterpr-et lecaus;e they involveshiades of color which were named withoiIt roeFer-erice to standar.I color
dr arts, hence tire riomeniclature di fFers 
 with different research workers.

This could lecad 
 to diul icate inames for pai<rticulir genes. 

Inheritance of 
seed coat texture and color presenits a special problem.Dul seud c(o.'L is rc;or::ted to he dom1niintI to shin by
bBose (1939), van
Rheenan (1965) , K. B. Shinqh ,iind J. K. Singir (1970) , and Murty and Patel (1972,1972-73). a'itt, 
 Poeh] lman , a d Curnbie (1977) reported LaIt dull seeds areco(vered wi ah te xLiire ]1]r] originating f :,int irom iri r nhe pod nlierti)lrane, whichwhell removed exipos :;a sihi n ee Csri[ .cot( 011(1rnea iih. The memb rare may hepiLmented, brown'g 
 O)" li actk, or A t may ie trdrirs ucid iuith hiwrich the color
of Ihe seed coat uind -rnearLii i s visible. Wi thiss infora:rtiii, earlier
inher tance :;Luij.s oni,seed color nreed 
 to he roeva baied to ideirtI fywhether tire c ol(ia ma:iinc; )orted] were i rosenlt in the seed testa ori.n1a rough outelr:l menl)rarie 1 ryer?. Seed color caused by pigmnenLtation inthe outer nem}brre layer would be dependent upon the layer being present
wihich is inher ited indnpe-ioe",Liy Fr1o7m seed testa colr.
 

Phot o eri od inse-;nsitivity was reported to be dominant over ]hotoperiod
sensitivity by Vecrini (]971) and 'iwari and Ramanujam (1976B). Neither
e:xp;:e17iment wars coiducted under cc ' ro]led iphotoper ods, so it is difficult
to know whether tire authors were "uring photopeind response or earliness,
a characteristic which
ii is qurofentlyIominant.e i Swindell and I'oehiman (1978),sries oFw rkii Jni <int c1ntro]led photo eriod<s;, idenLtified a (ominant orpart:ially d]oni nalt gtene for photopc r jod -ensitivity ill1IrlI(jhein acr-(os!sionP1 180311 which was expressed in .16F or1- ]4-hoiir but not in 12-hi r photo­pceri ods. In absence of 
the effect of 
the gene, dominance x dominarce
&.L:; tatic offfec ts Frii background genes 
 were indicated as governing days
[o I lower. 

In addition to 
the above, genes have been reported for resistance to
pathogens cansing bacterial leaF spot, CCn CO.p la leaf spot, mungbeanye]llow mosaic virus 
(Thakur et: al., 1977B),arid cucumber mosaic virus(Si. tti.yo. et a1., ]979). Genes have also )een identified governing
Flowering (Tiwari adi Ramanuj am, 1.97 6 ); presence "2f pube sce nce (Murtyaind Patel, 1971-73) ; leaf margir shapen (D. Si.ngh arid Mlehta, 1953; Sen and
Ghosh, 1959; Pokle, 1.972); plait growth habit: (Sen and Ghosli, 1959; Pathak
and Sinih, 1963); and pod clusters (T. 
'. Singh and K. B. Singh, 1970).
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Genes identified earlier in Vigna Aadata were contained in a wide 
spectrum of parent materials. It is probable that it would no longer be
 
possible to recover all of the genes identified.
 

Quantitative lInheritance in Muncbean
 

Many characters important in breeding are inherited in a quantitative 
manner. Yield and quality are typical examples. Improvement in the 
expression of a uantitative ciharacter is dependent upon having a range 
of genetic var-abi.ty for tLhe character under conside ration, and al 
understandinqIo tivy mode oF genie action so that the most efficient 
breeding proceduihre may hb ut i ized . 

(a) Associati:on C 	 teors.Yqiel After geneticof Pll ,):_1iChiarac( an.id d. 

variability forA Ilant ci I T;n-Titers been identiL.i isirs; d, the breeder 
confronted with ortin; , out tie mointiaton of chairacter.istics that may 

be coneined to qivu it hi iest yi.eld potentiaI. One tool tha t is employed 
to assist in identi FyinL iP to lat{ed ciaracteristi cs ,s correlation analyseE 
Correlation cot h-iciut.s Ior he yield c(,1toienLts--pods/pl ant, seeds/pod, 

and seed we llt--with yield in ini!iol Lain EtJ)011'tl Table 8. The 
yield comp., rntn (nis/lImtL v'as cQ : ly associated wilh yiel.id in all 
experiments. A l. pod pro)du(ction maiy b1)( pactAil ly olI ; by more 

er qi\,iseeds/pod ahai i 0 e d5h, but tihe ielationhli o t tlie Il.ter yield 
cOmnponent Oh t. y.ield was less con;i st t.Il. Plit size, is measured by 
height andl numi, r t bof al :;iqh li.iy currelTate.d witL'i hiichies, was seed yield 

(Gupta anld Singh, 19,9; '1,ii hot ca, Sin jh, and S inqh , 1971; Yohe and 
Poehlman, 1975). Whii le abundant- dcl pr (h .i,- i ;inecessary fr high 

seed yield, 1 ict,: ant- rovid the siton cmi which to hang the pods. 
Maladies such as dise il ave anii adveri[se effect on yield. A negative 

correlation of viiu. injury wi.tL yield (r = 0.630*) was reported by 
Yohe and Po hlman (1975). 

Table 8. 	Correlation Coefficients for Grain Yield with Yield Components
 
in Munqbean.
 

Pods/ Seeds/ Seed Reference 
Plant Pod Weight 

-. 384 .1.54 Gupta and Singh (1969)a 
.851** 444* .160 Singh and Mathotra (197013)b 

a
 
.950** .980** - .210 Joshi and Kabaria (197--W

.997 .073 .929 Chande l, ,oshi, and Pant (1973) a, c 

.236 T. P. Singh and K. k. Singh (197 3A)bd858** .292 

.951** .690** 486** Malhotra, Singh, and Singh (19 74A)b 

878* .601" .764* Yohe anid Poeh.maui (1975)1b 

440** .400 .690** Bhaumik and auo( L97()1) 

aGenotypic correlations. 	 Signi ficance not reported. 

bPhenotypic correlations. 	 dAverage of six crosses.
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(b) Heritability of Yield and Associated Characters 

Partitioning of phenotypic variance into genetic and environmental 
cuases is done throuqh heritability analyses . In broad sense heritabilityestimates, the genetic portion con tains vari:ance due to all genetic
influences. Narrow sense heritbility es timates include only that
 
portifen of the 
 var iance due to add iti:vi e efl tfects an(d hence responsiveto phenotypic selec tion. iHritabi liy esti.mrates of yield andi associated 
parametern in imnigbean have beon repo rtedi by Gup ta and Sinugh (1969) , Empicot: al. (1.970), K. B. Singh and Malb,0:ia (19'70A), Ionmay, Sinqnh and Sharma(1.972), Joshi and Rabhai (.1971) , Velulanwciy 't al. (1973), an(d others.
l'ery (1980) hay si imari zed the broad sense her] Lt i11ty estimates forvarious traits inclbding the yield parameters. Wide variations ill
heritabiliLy e: 1lmate: have 
 beo' reorted; 12 to 90L for numiber pods perplant, 6 t:o 3 _- seeds per pod uio! 51 to 9)9, 
 for need we iqhL-. The
variatins aye a rusu:.t oL (a) each heitdfb lit,/ estiimate thei nJ clculatedin and aipl icatlhle to a piarticubar eivironmeiit oly, and (b) t y;o oItf geneaction diff ering with diffe rent -parent varieties. In no;t of the

e:periiments, 
 horitabi lity est:imaLes reported for yield and the yieldcomipoients, lods p.'er p,Iant aNd seeds per pod, aLre lower than i)r

yield compointln, seed weight:. Plan.t 

the
 
heighit and days to flowering

geinerally have hiigh heritablity valuie in mo;t environments. 

(C) Cmjbij.L i. nq Abi blitt, 'r',TyoeE o fE (n cLiin, an d Path Coo I-fi cient
 
Analyss 
 of Yield An d ]ts Comionents. The inheritan:i cecomponents::; .in i1i.iiigbei of yield and itshas been studied fori coiniinig ability and type cf
gene action by [lie 
 ue oif dial ] l crosse:s by K. B. Singh and Jain (1971A
and 1971H), T. P. Sinqhiand Singh (197], .197' nid 1971), Yohe and'oehliman (1975), R.aimanuiam (1978), and Ko (1979). Overa1., the co iningability studios show t hitatqet~ic variabil ity for yield and its majorcomponents in the lesult bot:h0 of c and S(a offlects, tLe magnitude ofthe effects varying wit h the popuul till and the environment. Since gcat
variances wein ge.nerally greater than 
 SCa varYiances, the v:ariables werep redominantly ccitro l.( d by loci with additive qnef fFecs.: . Thus classicalb)reedingj systems:; whLcih make use of additLive gone variance w)ul(d be effective
for genetic modi ic tiin of yield and its pr7incipl comnlents. 

Yield is dtetermine d by contI)utions from several yield components.The direct and indi. C-cIL cont:ributions)i to:1 yield of specific yield components
has beei measunored by iath coefficiecnt analyses (K. B. Singh and Malhotra,197013; T. P. Sinigh ai dit Siugh, 1973A; Cha-Ie1., J]shi., and Pant, 1973;Ciriraj and Vi jaya[umar, 197.1; Malot-ar, Sirngh, ani Singh, I71; Pokl a Pat , 1975; Biaimiir, ai!l Moa, 1976; and Ko and lhche, 1976). P'ods-per­
plant were sh ,".,ii tI' corntiibLn in0(dire ctl:yi, through seed,--per-pod and seed­weight. liL b liiii aiiid numb, i 1 baraiches coiitributed indirectly
yield through ,owl-l'r-pluinl, Iallip,1ant~s with 

to 
many branches boing capableo1 s i-por-ting t c mos.t pod;. Thu studi.es conlf.i rm the imiportance of a largenumber of pot pr pIan t to oblain high yiel.ds, an associLation that was 

established also by correlation analyses. 
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}leterosis in Mungbean
 

Heterosis in muigbean following intervarietal crosses has been reported
 
by Bhatnaqar and Singh (1964), Misra, Sahu and Tripathy (1.970), K. B. Singh
 
and Jain (1970) , Rananujam, Taiwari , and Mehra (1974), Swindell. and 
Poellman (1976), and Ko (R979). Over al11 experLmnents, the increase in 
yield oi t:he hybr.id ove tle midipa-ent rang d from 171 to 208%, and the 
increase of the hybrid; over the hiigh p>ar.ent ranged I con I. to 18B8%. The 

hybrid was signific.jntl.y higher in ytold than the midpatro in only 23 of 
38 crosses, and significantl1y hiqher than the hiai prwnt in only 6 of 33 
crosses. The .Um 1,,), ot:fincrosses with :: i i jinunt hoetuosis suggests 
that. large niiie-lir "F hyrii conl nit.i onls ned ,- 1w imde i n a muntbean 
imptrovellent mrO~iii ordu- cr(,; tios yield toin or superior confbin for 
be identiFi{d. In intI positive het,*,Yo.i.s Wa:; ipoted foriddi Lo) yiold, as 

characteris:t i c.s r1, tud to }laLt si:ze , i 6'2i gt, iumbin of branches,such as(l er 
andlt branch'} ]lnlt~h. il isJ:w~is n" ( Anw or:;lV nw:; tiv f-or seeod}[et l was qa!, 

weight. uenra] Iy, hybrids wero earlIeri tii f wi.dpaint. feteLiosisthn 

For protein content was obs ved, but thei magi tude of rlhi heterois was 
small (T. P. Singh ond Si ngh, 1973Bh). out of 25 crosses, only 3 exhibited 
significant le tersi:; for mecthionine contenr ('Tiwari and Ramanujam, 1976A). 

With the closud lo!CInatin system in mungbean, t is unlikely that 
heteros.i. w il .1 be e_'i 10 i tel commercially in this crop. 

Polyploidy in Mungb a i 

Mungbean and i's close relatives are diploid species. Autopolyploidy 
may be induced by tWeating apical buds of seedling plants wit:h colchicine. 
The colchicine is a ,ip[ted as the first pair of seedling leaves are 
expanding by coveriiq the apical bud with a cotton pluq soaked in a 
0.2% to 0.41 cchii:i.ne solution (Kumar and Abraham, 1942A and 1942B; 
Sen and Murty, 1960 , or by apl.yinq the colchicine in a lanolin paste. 
Affected pl antscmay be mixoplc,[d . Seedls harvested from suspected tetraploid 
sectors are germini ,.cl and chromosome counts made from root tip sections 
to verify whotlhu " not they are totrap].oid. Seedlings identified as 
tetraploid can thcn be grow:n to ma tulrity. 

Tetra[)]oid ,,l' t f mingbean grow slowly, are smaller in size, have 

fewer branch s, flowe r later than diploid plants (Kumar, 1945; Sen and 
Murty, 1.960; e n anq Ghosh, 1960H). The leaves of the tetrapioids are 
darker gree n, thicke r, and sma[l er than leaves of dil]otds. Flowers are 

conspicuously:0' uVrand tend to set fewer and he avier seeds. Genotypes 
differ.i in the pe ri:mmince of the tot:-apioids. Selection within the 
tetrapIoid lp ,enio nip roved f ruit seti:-ng, but not si.te of fruits and 
number o: seeds;. per pod (Sen and Mr rty, 1960). The F2 p-ooqen es of crosses 
among tot raf'loid- were highly variab le with some plants exceeding the 
corresondiny dpioi..:1 in y.ield (Sen and Ghosh, 1960B). All reciprocal 

crosses of tot raploi Is with dipl oids failed. 

Possibilities o using tetraploidis as comnoercial varieties do not 
appear promising, buL: they might be useful in bridging a cross with a 
tetraploid species. A natural tetraploid identified as Ugvua adia.ta 
var. gEabka has been identified. The tetraploid originated in the 
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Philippines, is perennial, has hypogeal germination, *nd is suspected of 
being amphidiploi.d in origin (Swindell, Watt and Evans, 1973). A 
spontaneous amphidiploid has been identi fied which originated as a 
branch of an F, plant of the interspecific cross, V.ga LCld alt x . 
.to&obata (formerly PhaeobuS tiobtts) (Dana, 1966C). The tetraploid 
segments of the branch bore seeds whereas other branches on the same 
plant did not. 

Mutation Research in Mungbean 

With the view that there is limited genetic variability in the 
mungbean, mutation research has been undertaken, mostly in India and 
Pakistan, in efforts to increase the range of variability. Because 
mutagen treated seeds show varying degrees of injury or sterility in the 
M, generat ion, studies haV been c.onducted to evaluate the sensitivity of 
mungbeanl to Imlultageenic aqen ts (Murray and Newcombe, 1970; Rajput, 1973; 
Yahya, Alam, and Yusou, 1.975; Khan and [lashim, 1978). ELffects commonly 
observed in MI go t. ion are reduced (.]trimnition of tre at{ed seeds, 
reduced heigh t c lit.s, reduhced Fer:1tility and seed yield, and reduced 
nodulation (angaauny, Oblisami, and Krip-hn asw imi, 1.973) . With mungbean,
60 Co gamma radi atiann has been used exten:sively as the mutagenic agent,
 
although radi a tions and and chemical
From x-rays neutr ons, the inutagens, 
EMS and DMSO, haive been tused aLso. A 60Co gamma radiation dose of 30 to 
40 KR was eFc ctive For inducinhg variability (D. P. Singh, Valdya, and 
Bhatt, 1979). 'Ihe mutation spectrum produced by EMS or DMSO differs 
from the spectrum pr:duced by radiation. Generally the effects are less 
harsh, pr-duci.nq more gene mutations and fewer chromosome aberrations 
(Chaturvedi and Singh, 1978). 

In M2 and su<bsequent generations, Santos (1969) , Dahiya (1973 and 
1978), Rajput (1!974), Tikoo and Jain (1974) , Prasad (1976), and others, 
reported mutations for shorter plants, earlier maturity, increased number 
of branches and pod clusters, higher pod set, heavier seeds, and higher 
protein content. OC these characters, only the increased number of pod
clusters and higher pod set were correlated significant.y with increases 
in yield (Krishnaswami, Khan, and Rangasamy , 1973). 

The purpose in mutation breeding is to increase the range of 
variability in specific chauacters. Seldom will the primary mutant be 
as vigorous and productive as the parent variety. After a desired mutant 
gene is identifiec, then tne mutant gene will need to be transferred into 
adapted varieties by ltraditiuna]. recombination brc:eding programs. Often 
the mutant is accompanied by undesirable pleiotropic effects which limits 
its usefulness in a breeding program. 
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IX BREEDING
 

A decade ago viable breeding programs were found only in India, the
 

Philippines, U.S.A., and a few other countries. With the founding in 
1971/72 of the Asian Vegetable Research and Development Center in Taiwan, 
an extensive breeding prigrom with munrigbean was organized which is now 
supplying breeding matoe1-is to nationa lrogpiramis in Southeast Asia and 
elsewhere. The in itia ti o of the International Mungbean Nursery in 1972 
also stimulatced i n te rcest aid internat Lonal couperation in mungbean breeding. 

Flowerno ind Cross In Procedures 

Flowers of- munqbeain are borne in clusters of 10 to 20 in, axi1lary or 
terminal racems. Poliniation occurs at nigh t, beginning around 9 to 10 p.m., 
and is completed a round mi.clniqdht (Pose, 19-39). Early the next morn inrg the 
flowers beginr to open, rtallhlila in tll] bloom Uit i. shortly before noon, and 

then bor1il] to cii ice all( Hr0 fui. ly clo ed by mid- to late-,itternoon. Self­

pollinat[on iF; the rhI a and Cae .Iiat osu,-/ is commonn (Na1r. iham , ]92- , but 

outross iliq y t ] le'n-c i77y7lnq illsecLs inay occur. The autcrossi ng 

averages a1rOtlund 2 to) 5<, (van Rheenun , 196,,1; AVRDC, 1977) , but will. vary 

with the varrty and the seaIshon. 

Plower ;htedd n1il hii munlbouif(lfi if; co1 ,) plJanti ; i)rodtlcincJ mniy mor,_, 

flowers thain sct se(_ed.;. !:'Iowe V shedd]i rq is increased by hicgh temperatures 

ard dessicatinq wilrcl.; dAuriq the 1 iowerring 1period. Flm wer shoddin 

averaged (0, iii nine va -ieti s iii Ra1 as t-han state in Indi a (Pha tt, Mishra, 

and Chandola, 197.") , ind 46 i [I four vaia ties in Punjab state (Kaul, Singh, 

and Sekhori, 197G) .lii idl the Pun jab ciimatLc conditions there was 38% 

flower sheddi in ill b1lacP:tr'ami and 54'j in cowlica. 

The cro;:;rghq pcrocedrle in munlbeall is not difficult, but seed set is 

often low due to the iliclh amount Cof pod sheddinq fol.lowing arti ficial cross­

pollination. Crossinii(I if; accompl]ished by us ini( the technique described by 

Buishand (1956) For beans, as modified by Boling, Sander, and Matlock 

(1961). BLinaScuL-Itiln pertformed puah:inq <iC of staldardi s by e side the and 

the corre.<;i aid iig 'll(j pctal outward wi th a dissecting( lleedle1, and relloving 

one-hal] f of t hr k e ct il11 tin thleis f t:iking n1otHae wi til c(Cel'5, care to 

ijl]jtiCO the or the ol leli c;lirce, fiwal rc ii)F.<;inh aiLu-17 a .<-kolecto(i 

whici I:hc ,i h ivCh d(te hi.!;dol Cit the ll llhi ccaci cJvrc21-d ati wi. i )ol~tell 

(ltil)S1 . 1110 t1 lell covOred <t: ma is h)-ojhed I icht ly icro.s5 tlhe stJi(qm1 
of tile eFnia;cil w r tVc coirilc -aC lhe p 1init lio . Aft:i-t ,10l inatioiL 

tile Willq '111 .l.2 t llcc]s-tl1 p tl. a I-t!1(A-111"Clt)C1 to t il l 1ri J i t] itosiiol, 

coverni njI h t11 1]iit.hiteot c;C igina to Iclrven t it trol dryinq u it. lighest 

pod ,;et is obta i n2d by elna1sc llIitlrq ill tile evei lin wi :h1 ao1lIii.atioll tile 

follow-illI 11l1ill (1 (T. 11. Singh llIl Ma1.1 i mtra, 1975) . Abclilt 20". pod set 

has bcoon iol-mal, al1. though 60 lod set with -111 average seedl set of 6 seeds 

per pd has been i.u)orted froin AVRDC (Park and Yang, 1973). 
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Germp]asm: Sources, Collections, Characterization 

An initial step in :i breed:ing p roqram is the assembly of germplasm

with a wide ran, 
 ofUe 'enot I( va 2iab iity. The breeder acquires his working 
qermplasm clleoctio'n From (a) native or improved Iloca varieties, (b)

varieties int bAeondinql 
 Mi eios from xi-;tnqi bre.odi n, proqrams or ge riniasm 
collectiunlls;, and (c) clos uly related wild ipecieos. Local varieties, where
 
availtable, are I .'firs.
usll nV .Lcal vari1et1ies of native origin

aire(often low in yie Id p" Lntkt 
 ial , but-i '" j.';sse.ss chrdcterist ic; Lhat give
 
stable prldu. ini nIii 
 t.n II Ioca, t Vi rt illli t ,Lo. I c l Io(ct.ion; li'y / 2
 
supilumi ont[(:1 !, '/iv ii t i 
 : Ai I'i other 

breeders or f-vI mui nbni 


:inu lh-((l I i nins anctiui rel Frm mungbean 
'l n-p n;1ri co] ] oct i )ns. Improved varietLis,
 

whether develo pet I ocaly or 
acq i red from .lscwhere with preduction
 
potential proven in loca L:triall;, genera lly provide 
 the most substantively
 
,qoneti.c materalIs w1.-
.t whtich toii ti ate a breedi ng proqrm (llrst, .1961). 

The , .nera tLi,ci of iII'oAvod bree li-n materi als has l)oen autgmeionted with
estab]ishment or the Asion Vueetable aruch and Dovelopment Center, located 
at Shaiihua, Taiwa.. breadi ng 2An e.xte nsive t'yw(, inihas been developed at
 
AVRDC, withiseveral 
 huIPnied crosses made annual ly f rem ge/netical ly diverse
 
parent mhiatLi ci. s eds From u;treg.;atiq 'rodien i,?s o f these crosses are
 
distributed freely t in ,an breeders 
 (Park and Yang;, 1978). E:.:chaele 
of 0 ]ite ,ii e ies aind breedin g;I lines is a Iso facilita ted by distribution
 
of the Fn toinatiera lI Munqbean 
 Nr:sery From AVRDC to coopeators .ini ...any
 
countries.
 

The wild and cultivated relatives of mungbean provide another source 
of breedin ig materials. M.my of the close relatives have genes for disease
 
resistance or other clianacteri.stics that would be useful if they could be
 
transferred in to the mun(tbean slpecies.
 

_(_)_. _(;rrn: as; Germn;plasni of murigbean are being_'I el 10 cLii hi. cellectionis 

assembled and main t iined fir i The
fuutre T.e largest collection, which
 
contains aol)iut 5,000 acce;sions, has been assembled 
 at AVRDC. Seeds f-rom
 
the accession re Ava i l il e for d istribultion to muriqbean research workers
 
everywhere. A c.'II 1 cin 
 or mu lgban qlermplasm accessi(oat; i; maintained by

the U.S. Del; i rIwet of Aqricultiu.o 
 at the Soithrn:i RegoolraI P5Lint Introduction 
Station, M'puroiment, ;-oria. A cahlg of 'Tlb I.e legumes' published by the 
USDA lis ts 1,'2 oeqi nis of L/ua ldiaita and add it-ionlacce.ssions of 
several r elit, . ( i .: (USDA, U7H). iate ,d 
are stordi i n Wit: iit i(,a 1 d 

I cli siluills iSDA icessions 
.e Wtorqe Labor,t ey, l, rI c(,l 1 ins, Colorade, 

a bloi -tu m .- OriO -, ,i I i 1 . ', ,It-ionhlI -Inpie'm eel ctr'; 1u i on; or mnu iqboans
 
are 
maintaii t ,, in Inlria ( I[,,n0 Ac es;ins;.;) , the Ili i II ine (2,'00 
accessirnis) , Afqh i , t , A ;ii :,I [rLia, Priqlidtth, and other c;unitries (Ayad
and Anishe t , 19M ). Mh -(,reiil a S ru, irch worteur; arei rgdt o .Olie 5illles 
of novel bieeii/i nit, I 1 i I,, inc]ldimii wi Id re.l itiver, L" AVRDC arid to 
their nliKlinWI n tlTVation. ' lI c01 bnctinis fN lei-teriTI-e'rm 5 (' i il(.iii(i 

A slr ,'rt.i.n], of all Ilaige gormllsm colectio s is lh dupl lication or 
simiia rity of many varieties or straiis withLini the cellection. Dul ication 
greatly increases the :esources re u(1i-ed to maintain the collection, witIrout 
con tri buti n' to the pool of genetic variability. 
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b)- Ge -rnip1li;i-it Ch'lci -L ri za I-.[ 00o utility a co I ctioite '.lTe of (jer1inl~la sill 

wou IA be enhi11ced iF LI i ul-iieI c eat-uires of- each accec;.inn were to be
 
described 'Ai i re ,o is dA, !; tIha t, the rescarchl worke(r C011I L choos-e those
 

accss~oii;i ti: cl I~t uwii.I iihve th1eo (Jellfot. i c hal ,i tell s ti es desired 
Fol hli:; i1II ~i I.IL)dl1~~2,a Ial (i):i(2. widevc1 al 


r'11I I (Itof I V1i tCIInIII III Il 11 i 1111 1 1tl~l1 y Io 1v i (0(-IIl CrI t -I I YCo; die
 

so1 lIrcIt ly I14-t t I K'I t lie, (,Im io1- Ilifl(Ill thII-t tilil~e e i V-1 1t4 n i ; I i. Lt: 1.e
 

V'I lilt III1 I I t Ilk' *jllV.i1- )111110lit- i I ,! iiCh theIU 195 I )IIi I :7 ( I OWIi is..; (105Cribed.
 

Por c'x wlij11 11.h .1f 11 (2,1 Cti (7hit, !-I( L (2I )f 11 11(I 1bil ('(1111 d IA'9 i 1011t- i. f:i cd i 1i
 

ideli it I[i li ls:; c 01 i t-i llS, welt(.' FtIvoral) I Fol vilru!; i liocili it: i I ndiic
 

d i.se al 1111d 'lbuI)Iol eI,I t,. Altlthel1 JF C7111 is 1 1It-t 111 1 (i(:essJ 111; i 11 the
 

S 0 (jki Wt uii o'eLrllm I I C(01 I51 . i~ (I I (Ir(2 L c Inli x~ 1_195 ' 1 Ii I lit i :*ed~ l15is 10o115se0 

lIowoVE,I, tLii 2 ;liii Li iOL. hiiider atLelupL:i; to oliai o tue(_ iio!;i c().1e1L~o aind 
i~ccurlte ivi ~lI)1.I ilpossi.bli 2oil (.dcli .Iccel5S.icmi wiJLii the reslolircs SIvaiJ.labie. 

Va riw10Isrs lliw1ioiiiic .;;niiIel11Ie t0 lSOf rincn and 
classi t: ed tliclrn by (1110l11 1.11 tol)(1tler !;traiwn; wit ii imi~i iF co r~icteri stics 

(Piper arlid "lor:; , 1914; ';11 i;ipiul, I (); 11(), 19 2A, C, I'uicI., I, 19 33; 
BanksI-, 195"' Y(Aol I in 1'ouh imci, !(972; (;i]]1~. i .1975; USPDA, 1978). 
Rose (191'A)hxK 10 hi; ci ss;i.Li cat iolu on1 5161 91(1,Iu wt:F color, pod( 

(,.()1(r, t( i I-J1 q9111cI-ov.,tii 1, ii t - , al111 tI iliIn(' I I I lr i Ly. Si.rndi Iar 
i~ii I'L112Wer l~u~lby 33) Kank; (1958). Th e USDAit Ie i~p;ca(1.9 id 


A't11 I . 1ii97H) U c I- i lmIl Ii(; ifibi y ,
. W i f; accord to()I1- -tij 1 lI nt 

ylNi)C , II Ii h~e i(00- , p,I Ii Ilq(tiI , IlSI id j;(11d 1c11.I WIii I (2 1HI2 tJC iLors 

fill I-e ji .~l !5111 i 7 ti -. t i oiii pill JI I ite do(1(1 ot- (1122cr i be( sticli chal-racters 
is; 1Ii()(1ItiJIll.S 'ocIdsos Cti11e1, 1 i LV , IIe I I t) 91 VII Ii 1151 Llflp)O rL 


Ln5 Lte i)17119.l'c. 199s9 1 o1tdl: 1 i 11 eit ai]. (1975) WelIll1fore 0110L
)21 

pr (11 iliq il) 01 lulLol 6111 It !ed7'iJL yiel1d; 1 Fotell coLter, c;natliitiy; ;eud 
11d cli 219111(e. mes it.1(1 vj.-us , I lii , adl Cn'ccxspm a:,c( I(,! 'w217I 1u1 1)71121112 IA qh t 

Ilect s7i 0. 

To' i'r2lnfo to thoe 191.s I je192i Oil , oli , C2V1. I ctH l ociiienLa Lion1201119 17Va t Lidon, 
of F IjC 11111 1.1CFBci195 , the, 1110( i1 i A(J riciiitura 11.he '.1 d511 Ml 1119 p1lats 

Orcjc1.l LI (1Itiolo t-.I(ll? i .ed Nalt .Lons5 0 so the Ii oio i0 11Boardi for 
Pla"nt (ocP re1Lj1 , 1 1 ~oup02,.r9i Marii1 1980, Workinj Gr was 
Convened by I w&;P, LoI (11leVp 101(o5;Cr iors tile Ii1l11l)2lI 11 srnfo(r (ernipki 

2011012t1i15.. The esrptr ill(119 11(1 JIIplooci(9 ici1 l irlcteristics, 

0 11 r lL L l (I r I ciiiric rei!;t - di -- anI11d F t,. l111cIt.11( , tda1 .1)j, 1IhL'/, -Illll(ldl, j- (:! , ! 0 ( l i.j sec 

I.7e21 s tIce," , 1I i :iil I1 17 19h, ,icd19.Il i !; t i ci (Fw)d1 ind AclrI-i ci t]I toni.I Un~llizatijon 

1.980) . (IF Lii cle!;cri LI: C. (i.1InicttFi il)l acce!sionlslse( f~l oy ZIt id i.1l 

a IUM111(JI)2711 51101.11.11 Ml() Cl! li clC(~r'cy anldCOL)1ICt-.011 ellCOI_117a(je (71111 tcles , , 

ul i f'o lmit y ill reord1)21j 1 ii l ifl I. j (lii. CoIIIIi It) - 171(5 i19O of i.1ii ton"mat ion 

and1 LA 197.1 Li) [cl wjIi .11f'orma Li. on Sastsen; beI'17 171t Fi.ev7 WI.i 1_1 ls Fac itated. 

Bre-n 191 Pr01ocedureis 

MiilqI~n1s e 1 Fpol . n tdindividlul i plns witLiin a p01)0 lati onl Lend 
to be Ivo~zy(InlIS and true breedi 119. Breed inq prfOCelU res For self-pollinated 

91911 i.Were (1979) pulse byCrops1 iF1.11 171e-1 ies.cr ibed byv Poeh linan , and For crops 

Poehi lial andi iorthakrr(199 Ifl ninlb1eali, the basi c breedi ng procedures 
are (a) select .01 and1. (b ) 1iyhriiza ti.on 
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(a) Selection. Most native varieties of mungbean will be mixtures of
 
homozygous genotypes which may be similar overall, but will differ in specific

performance. The first step in improving a mixed native variety, is 
to
isolate and increase the best component pure lines. After superior lines
 
have been isolated, they may be increased 
as a variety or similar lines may

be bulked to form a mass selection. The mass selection wil] 
 never perform
 
as well as 
the best component line in any particular situation, but may

perform more consistently than a single line 
over a variety of environments,

due to the buffering eFfect oF the different genotypes within the population.
The pure Line variety is a more uni.form population than a mass selection. In
addition to the iso [ation of lines from mixed varieties , selection is used to 
isolate superior lines from segregating generations fo]llow.ing hybridization.
 

(b) Iybr dzation. After superior lines have been isolated and

characterized, I yhrid zation is used to combine the desir-able characteristics 
of two or morel(2 ineo one strain. Superior lines iso]ated following
hybridization ire increased and tested for performance in yieLd tri.als.
 
Earlier, hybrcidization did not 
receive much attention in munjbean breeding.

Either native varieties or selections from native varieties were grown.

Now hybridi.zation i s used e tensivy, 
 an d almost all new vari.eties originate
by this b reeding piroccdure . The I incelrese in the use oF the hybri(ization

b reedintg }roceuhIre i:s 
 the result of (a) favorab le characteris tics of new lines
being identi fi d monre fully so that breeders can choose desirable parent

comb inat ionw with iireaiter 
p recis.i on; aiid (b) crossing procedures being improved
and standardized so that a higher percenrc tage of seed set is obtai ned. 

(C_) Bar k o iq. The backcross is a hybridization procedure in vhich
single genes OMfoan othercwise undesirable variety may be 
 added to a desirable 
variety. The backcross may be utilized in mungbean breeding following the
 
same procedures 
success full y followed in self-pollinated cereals or in
 
soybeans (Poehlmn, 1.979).
 

_(d) _Mu t j11)1 -. ros ing. Most crossing in mungbean has been limited to
 
two-parent crosses 
 in which the parents were chosen for specific charac­
teristics. Through muotipTe-crossing, it is possible to combine 
the
 
characteristi.:s of sevual parents, or to obtain a wider spectrum of gene

recombinaLions Feo r characters 
inherited in a quantitative manner. Pairs 
of Pi's are crossed until all of the original parents enter into the final
 
cross. Seqre:atinq generatiions of these qermpl1asm pools are 
then increased 
and superior p lants selected From them. 

Breeding Objectives;
 

The characteristics bred into new varieties 
are determined by the

objectives of the breeding program. Breeding in mungbean has received less
attention Lhai his been given to breeding of some 
of the pulse crops. This
 

imitedlihas .l. tHie progress made and left the objectives less clearly defined. 
Mungbeaii is jnne17ally regarded as a low yield crop, with yields that
fluctuate wiIdely under d:i. fferent envi ronmental conditions. This emphasizes
the need For improving not only its yield potential but also its yield
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stability. In these respects, the breeding objectives in mungbean do not
 

differ in substance from those of other pulse crops.
 

.(C) See-dYiyeld. lBreedin, for improved grain yield in munqbean involves 

(a) concentration of genes for genetic poteitial to produce hiqh seed yields,
 

and (b) incorpoiration into varieties of high yield potential genes for 

coii L'-intolerance to stress ndtionH that oxpro.imn rof the genetic potential. 

Evaluat ion Cor mxi mum yie I potetLa l inuhie. thn coml:Lson of varieties 

i.n dP (ttutim m o .'iriommlint, where .soil f tli tr i t oil moi.s:ture, oir disease, 

iS not limitinq lan~it trowt:h ai devet ollL t, wh w'viilliati(m C:orw',lwi 


str sni rml'lli ('lsure F"( ]eceivincJ 

connl -erat . In mu variie/ties (-;oil und,, er stress,, 
tolerance toi e' po the stess 'diti ri 

i. M ll ilb h(i' 

h) tLh'environmenLts ilnd dont-hive iip};err yitld t i I desi red. 

iinw can nltiitjbeaa var i eli C: be deve7looeel with s; eri or vie]id potential, 

and how die:, the breederi Icii:i ffy the s.uperior tenotyle,? The tradi.tional 

approach hias; beeni to coin 'ire lr(ie n tiiiibe is ,)t arIetii oCver- a of".,,I series 

environment:; ,zid ch()so the va.iriety with hIi suq,'orioi. ve .1p. With this 

empirical. atprioacih it .; usially not tInn.;bl Li ident i F Met charaicteristic 

of the variety wich (iitr ibts to tth high yieldi pteiiti a!, or to identify 

the characteris; tc of tho coiriViimimonit: whi tit permit the mno io r yield
 

ponteniti t Io l exlqrnss :d. A se('ound ,ppii iet, employing hitiliietrical lIntbids,
 

eva.lua t Lie ollki in i ( r ( Ion triution of the indii d' al.iy i.eld 

COmnilp tslt to th tt l 'ii l . C> ieI it,iim and ' til cm t:icient aniliyses 

have ilentiito tile imltij'(rt,l.e ofii ih tol, in'ml .'r- Fir MhtaiWiinq high fyields. 

The protut;e ii]{).'i iIni of Iuite}n)(11 stlq:;e t's; that tel( ' ,,tenLiii fir higth pod 

lnumbher in normall/ pl!sent_. 'Thi;pi tijtil may he red, cdiluceby i(;ih flower 

abortioi, ci fail ire it t phi" yinth te .nd ti.ansport 
it to the }p [ t . il tlqki A.:ter. A' thlin!t ,qp.,K,,l is: dtir,,"ved, h,,.ov i ,wraluat.on 

by i te plant i nib ii luf l 

ofI strains f-orlnhyqK~lr)qic'<l pr()n:s;:;e:, sutchl ,as'sou <c,-.nink re:lationships':, 

aharvest-index, lin t,ti.uer . lmiiil,tnt here ise tatl, the simi l t be 

parti ti oned .a:y rom veget<ative. qriwtLh anid int to.- il l ,iiuiction when 

F-Loweriiliiq L ijii:;. The bimti rir,"i ,all,! / ,i lu(i ic 't l l:ui<ache. morea A1ire 

ivcise than the empi rictal apilp0oach, ,anl al-e Ft 
1 l in id(.ntifiiij parent 

materials f hor ril ir ,tlion ti -, hKl:;, p',FOV t d tvitH it ', ctp i t l .c'l niii9 

techni es At, ava ltable hy whlich tH p e'si,';'i . may 1)e I/ltleti d. A 

1ical appiroachi
disadvaitage (f both the bim.t i[al and phys iolo is that 

they are very I ime i'oi;nmin anid e.tensive, and impractica] to apply to 

iarge number:; of v Irip Iie ,nsl indo.;e;. 

(b)_ Plant l'y!,. qI' o)tLii high yieldinq poteitial, increased emphasis 

is be iq i veil to-p llnt type ((lain, 1971; 1974; 1975) . The .ideaof 
'recOitst;rinL pi'l1n t tylv ';beet borrowed foti the concepts associ.ated 

/i l ,t1 Wiliif: ielleties;. t:he l antwith the higit iiid ,id iice v i ls ,-e, 'new 

type" Li t f ( w iri . '(miipct plants wilh Iih iidex; 

reduced Ihift 'ti t <;eii ;si.silvit,; iid earlier mlllt -' det rm nitnate trowth 
t e " :;}li-irfor, i ha rvest: 

hitbit: thit11: in I.'h , ildhi ) an lll ire t r- it i lii l val i.iiit . Viriet0 ies.twith 
the( pi,.' tl( 11iticu lat l'y W;tH O: to l ,r !. .-ISi"1, hi(OhI l,_111i ., ,ai-, 1 A pot illilli NN 

iteli ''t-piuI,ii 1iii'' f , aiC.iy t i Imnh w, IiotlF te iltqt ;
t ,ilFt c o tnd i s'il:; ,' ite 

the lan(d for ;hoirt rionit.; bitwii IIm ii ciops (I,. .iill I ',;). 'or 

mii i [<utrt iain I:,lrtl V('(ltioit iVye stoldi telmiiiati floweringiig ictlioin, growthi i , witli 

aid as imilat <; tie chali lel(,d inol) liriduict-ion of puls (Sai ni ,ind Dan, 1979). 

http:wraluat.on
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High pod set: from t:he first and second flush of blossoms will reduce number
of pickings and labor cos:ts. Hand picking and machine harvesting would be
 
further facil itated by concentration 
of the pods in the top of the plant.

Low photoperiod sens it i vi Ly ermni ts the variety to be I rown in any season
of the year. Thei:w type isnlant issociated withLmaximum grain yie].d
 
per day over a short 
 'i"Iwinq season, although not necessari ly with maximum 
grain yield per ictar. 

In cont i.lL t tihe I aint type described above, correlation studies
 
suggest that maximum yield per hectare is associatel with large plants

which have greator hei.git and bianchini (Prasad, 1959; Gulta and Singh,

1969; Joshi and .K:ija, 1973; Mahotra, S[ingl and Singh , 1974A; Yohe and

PoeliIman, 1975). lIn the Second and Fourth Internati-onal Mungbean Nursery,

highest yields were' ioduced by a late raturing stirain from Peru at: Melka
 
Werer, Ethiiopia =12
, ) ,dii(9(07 1g/'ia, resptectivelv, for two season:-;

(P'oeliIman ct ,a.., I9i1, and 
197). At ih M ii' Weror Ication, there
 
wa5s il{ ' l[ It.s tjudi in ' V A so. uon -
Inng 'Li m.] hIhnuL: whicci lthe Pe ruv ian

stain c',(1 il1t110) to, sot IpA .s due1 to 
the ildlutmerminaLto gprowtl l hab t of 
muniuibeaii. 
 Il F Iu103,1 se.son in s;ou tha2st: AAi ,, tPethe 1 riivi-an stirain 
per Flormod poorly. ml DanSA,i ii1 (1979) louind a lat, varietoy to exceed the
 
yield of in
ealy varipi,0 
 seoson wii liidanlt sunshilne, but to be lowerin yield in a ci 1 .,seasn. Cilowdli iury inI ll,:a uo (1977) su stL that late
 
Varieties .i.h o sries at 
 lcip7tiv0 -]u.:iehm would give more stable 
yields since -.
i,wo rinq wou1l(i co1ntinue after utavorable woaLher during
the early flowering period. Further studid .es 
 to i.dentify tLe characteristics 
that adapt mungiean varieties for di -FfrenuL,climatic areas are needed.
 

(a-) F: irly ilt n r-iiv and Uni Fomin iMaturity. Eal]y maturit'y has been

nerred to in ei:t0ion to plait 
t\,pe and the utiliiation o1f mtibean as a
 
sho0rt duratioi .ropi in Iltiple 
crl ofJinq .systelns. To obta.ii early maturity,
qcnotype'; wi ti lo.w photoplri oi :s itii arc required: i for long day
environments:-. A!: hlliqh 1 1


]<titudes, (wr high alt~tudls, th,. lengthi of the
 

(Irowil(J soasin 
 in raqv;t itcLod by the Mk)r,,t-10 per i od, n-o, i no ofn.ri use 

early r-ip inlgn; v i ilt. 0;. Eairliness in mul,lbiian 
 ini u'suaill ly de;cribed by
days frroiCl.tainit to opening of t Lfirst flower, or,days to ripening of
 
tUle fi rst f. t-it these criteria arn ialdequate to describe trhe nlowering
 
pattein since mnIlilbeail has an 
 iidete rminate0 gruwth haLbit and floweirinhg maycontinu
110 'r i 1eriod of several weeks. P(d iormall] Iy ripen about thlIree

weeks ifter ,,liiniti((i. ilOm all 
 I . ilt:; may colntailr Flowers, qreen or
 
immatuire 
 ds , And -iT pods -al- tle same time, rotMciring 3 to 5 pickings

far harrves t. Re.dut.i li in the l.011 t 
 o f ti f ow,w(V inq oricd so as to give

noie ui.fo rin maturity i mir
a MlwI t it i 1)( o(ing mugbeans. A 
Phli pine,v~lrioty, illl\Vj.H, matur.es a 
1lrge. pe1rcelit age of its pods For the
fi.rst: p'ick ill nd i: b1in t ilizod. in the AVRDC bro eding -program increase
to 

un i
foInitvt. in flowe rinio (lIrk lnid Yang; , 197H). 

(ul) To Ilorirro to ibCot ri ridiRl qt. Mungilein is a wauirm season crop. Yet,
i.nithe 20o111t1 , it hi jqor altitude(,s, mrunglean1rojic ir may he p.ianted when mean
 

niglht telu1T Cl ; A5lre
ituli below 200 C. lecI(,t F1,11 a
to l-aptid geirminition and

seed ] i't , '.tuh .i ii low tepil alitu environme wouldlilflriL s ilprove est:a l ishment 
1f st.adli(s, prolote eal:(ie ir matulity, lnd irove grain yields in areas where 
low tompeirattiiers at t.ime of i imp].a ir qorfilidti dii and early seedling 

http:matur.es
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growth. Screening techniques for evaluation of germination and seedling
 

growth at low temperatures are needed.
 

Munqbean s of teri g rown where soil 	 moisture is .imited, either inter­

or with a declni nq soil moisturemittently duri ng the lif oe F the plant, 

suppl.y. Altho g h mungheain is frequently grown on residual moisture after 

harvest of :]ce , there is little information on drouqht: tolerance of mungbean 

varieties under , declining ministur( situation. Screenini tLechniqig s are 

needed to obse rve compa rative root developmeilt, Wi.it I, . tomiata] closing 

and other physi ological proces;s associated with (rollJhL tolerance. 

(e) Disease and Lnsect Rsis tance. Munqbhea is suscoptiblo to injury 

from a large number or1di.sease and insect 'pests. Breedinq for resistance 

is an economical ,and p1ractical method of reducing post damage. The problems 

Mi cussed .n the tolpics onand progress in t)roedirig for resistance will be 

diseases and nsects of munIlboan. 

() 92_iitl Mungbeans are grown mainly for their seeds which are 
.. 


utilitzed as food, and occasionally for livestock feed. The principal 

far has been to select forbreeding efforts directed toward quality thus 

large and glosy seeds since seeds with these characteristics bring the 

hiqhest price in the mairket: place. Selection of yell ow as we]ll as green­

seeded var o has heen practiced in the Philippines. Recently, attention 

is being given tY"varietal q(ualities afFecting nutritional properties and 

ot.ic . Vriuties lave been shown to vary in 1proteincooking chat 

of 'eci i.e amino aicid;. B reeding to increase )roteincontent and content 
the anticipatedcontent or amino acid halan1ce Ln cereals has riot made 

a mungbeanprogrss, which suonqostcs that it should be given a low lriority in 

protein productionbreeding program. The opportunity for increasing total 

by increasing yield deserves far greater attention and, currently, is more 

likely to succeed than a program to improve protein content or quality. 

Varieties
 

Varieties of mungbean in cultivation have been developed by selection
 

from local strains and by hybridization. Earlier, variety development was
 
Currently,
almost exclusively by selection from locally collected varieties. 


intensive hybridization programs have been developed in several countries.
 

land varieties.
(a) india. Present varieties have evolved from native or 


in all districts of India in 1925;
Collections of native varieties were made 


from these about 40 distinct typ'es were identif ied (llose, 1932A). One of the
 

first var ieties to be dav(lhqye d, Muln Typo 1, was recommenrded for distribution
 

in 1936, but 1arqe scale multi)1]ica t i0m aid p'roduction was not started until 

1948 (Mehta and Sahai, 1955). A "'Pulse Scheme" wis initiate:d in Uttar 

oc st rai , and a hybridization programPardesh in 1941 with collecti on ofl 


was begun in 1950. In former Madras state, varuty CO I.was selected and
 

.ine vaitiee had been selected
released in 1953. Within a few years pure 


munqbean was important as a crop. Mungbean
andl named in all states in whichi 

in India have been assisted by organization of an All-Indiabreeding p)rograms 
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Coordinated Pulse Improvement Program, and by convening Annual Workshops ol
Pulse Crops, beginning in 1967. 
 Varieties developed in 
India by selection

have included Type 1, Shining Mung 1, CO.1, CO.3, Jalagon 17, Kopergaon,

D45-6, G.65 and others. 
 Varieties developed by hybridization have included

Type 2, ''pe 44, 'Type 51, 
Pusa Baisakhi , ML-3, ML-5, Jawahar-45, Kanke
 
Mu.tipurpose , anrd others. var
TIhiese ieti.eos and others are described in thefollowinq references;: S. P. Singh (1955) , Premsekar and Srinivasan (1.961),
Bhatnagarat al. (1964 ), S. n. S inglh (1965), Mazumrdar, Vlsavada, and Joshi

(1969), K. B. Singh (1970), I. B. S nqh, Joshi, (1970),
and Thomas 

Sinqh S'harma, and 'omar (1972) , Hhullar and Singh (1973) 

L. 
Bhargava (1973),
Rathiaswany et al. (1977), K. B. S ngh et al. (1977), IDe, Turkhde , and

Gangasarail (1978), D. P. Singh (1979), and in annual :eports of the All-

India Coordinatei Pulse Pr'oject.
 

_(b.i. i 1i'j ....T' 
 Local selections and introductioIns were being tested
before 19.16 (som Mi que , 1916). A varietal imIprovement proqram was undertaken
in 1956 by the Bureau ofr P1]ant Industry (Ballon, LeqaspLi, and Catipon, 1978).
Local vaneti es Iinq grown at that time were bad]y m.xevI. Pure lineselections i rslaLed from local va rieties included Glossy Green S-1, Glabrous

Green, Dull Green 2N-I, 
 flag S6A, Iloilo Yellow, and San Pablo Ye]low.
Varieties produced by hybr Ldi ati on inc] uded MG5(-]0A, MDI5-2, Glabrous
 
No. 3, and MY-17. TIle ]at.ter is a 
 yel iow seeded variety. M;50-1OA-Y is ayellow seeded variety in which the gene for yellaw seed color was ladded to
MG50-10A. Some_, varieties r(oduced by 
the University af the Philippines,
Los Ianos , include GS]4, CI55 , lAGASA 1, and PAGASA 2 (Cortado, 1971;

Catedral and Lantican, 1978).
 

(c) Indonesia. Muqbean varietal development in Indonesia was started
in 1935 with a collection of local varieties 
from which the varieties

Silwalik and Arta.i a were recommended to farmers (Somaatmadja and Sutarman,

1978). A variety 
 Jala, from Sri Lanka, was distributed in 1965. MG50-10A
 
from the Philippine, is also grown.
 

(d)Thailand. Mostly native varieties are grown which are grouped

according to appearance as 
dull, shiny, golden, and black (Bhumiratana,

1978). 
 An introduced varity of the "Philippine-Type" has been named 
Uthonq I (Nalampang, 1978). 

(e) U.S.A. Mulgean b.zeeding is conducted at 
the Oklahoma Agricultural
Experiment Station, Sti1lwater. 
Three varieties have been developed, Berken,

Kiloga, and Oklahoma 12 (Matlock and Oswald, 1963).
 

() Australia. Mungbean is 
a recent introduction 
to Australia. Berken,
an introduction from Oklahoma, and Celera are grown (Kingston, 1975).
 



64 

Asian Veqetable Research and Development Center (AVRDC)
 

The Asian Vegetable Research and Development Center was organized 
in
 

Asian countries, the
 
1971 at Shanhua, Taiwan, with suport fr-om several 

(AVRDC, 1974) . At 
and char itable and developmenta1 orqaninFtionsU.S.A., 

are conducted on 	muimbean. Thousands of 
AVRDC, a ] areas 	of research 

in tthe breedinq pug -rot;ram.Munbe i broeeders benefit- from 
crosses are ma de 

genetic mateoria 
.; bui':i( Ui(I available from the extiensive AVRDC qermplasm 

at ion j'r'jrn; -he Int-ernat1onal] Munqbeari Nursery;
collection and hybridid: 


olgqy, athology, entomology, aid nutrition;
research in prodn :ti: 'h,ly. 

amtong muntibean
training progam's; and tacii.tati o of communicat ion 


in natinal 1Pograns (Park and Yang, 197B).

research workers 


(IMN)International Munbean-No-rsery 

Muncbean Nursery 	was developed in 1972 to obtain

The International 

(b) the

(a) the ranqe of adaptation of the mungbean species,
information on 


adaptation of specific munqbean varieties, and (C) identification 
of
 

F-ie mungbean pl]ant influencing adaptation (Poehiman

characteristics of 


1973, 1974, 1975, and 1976). The first four nurseries were et al., 

coordinated from the University of Mssouri., Columbia, Missouri, U.S.A.
 

Succeeding nurseries have been coordinated through AVRDC.
 



X DISEASES
 

Mungb in is host to many diseases. The disease producing agents
include fEnqi, bacteria, viruses, and nematodes. For the disease to develop
there must be present the disease agent, a susceptible host, and an environment
favorable for the disease agent to mu].tiply and invade the host tissue.
 
Disease may Ueprodhctin c)f mungbean Ln various
affect ways. Seedling diseases
reduce stands. Rioot diseases an d nematodes ater or destroy root tissues and 
interfere withI normal water and mineral uptake. By blocking the vascular
 
system they can cause stunting and wilting of above ground pirts. Leaf
 
diseases 
 dest roy leaves, or lvwItinn s of leaves, reduce photosynthetic area,

and disrupt normal lhysi o01Cical proecesses. Vi rus diseases may cause
 
stunting, 
 lear ye I.owinq, leaF cu:li.ng, Flower deformaticcn, and reduction
 
in pod development. 'Thu , a] .ar in 
 the life of the )lant that disease
 
develops, the greater the potlential fo:)r yie]d red uction.
 

The major d.isease control proceclures involve (a) cultural practices,
(b) use of chemicals, and (W) uti iization of-- rusi stan t variet:iLes. Disease
 
development 
 LSc !reducedbcy such cultu ral prractices as removal and destruction
 
ot: infected lant :esidiues- and by crop rotation. Vigorous, healthy 
plants
 
are0edtInste by balanced ierti izati)nl 
 and good water management. Chemical
 
seed pro tec Lalits wi il control 
 or reduce ilnjury from certai.n seed-borne
 
diseases, and to]i Fung icides 
 wiI 1 reduce .inljury Fr:om t-o]iar diseases,
 
but chemicl s are 
 n use]IoedI to cont -o] d]isoases iln areas whore mungbean

is grown as 
 a low iicome c rop. Some commonl y available chemica seed
 
protectants and IO.I icr fung:icides are listed in Table 
 9. Breeding for
resistance toe di. sea oa thoqncs is mostly in the stage a identifying

resistant mungbean accessions and making 
 crosses t transfer the resistance
 
genes into adapted cultivars.
 

Dampi~q-Ofl?, Seedling Blight, Root and Stem Rot 

Damping-off, seed]ina blight, and root and stem rots of mungbean are
 
caused by several groups or fungi: RtizoCtov.ia spp., Pythlum spp., and
 
Wtnt spp. These pathogens, singly or i.n comb.nation, may cause (a)

seedlings to ret beTfore emergence, (b) tW stem of seeclings to rot at or 
below the soi 1 l.. no aft:ter femergence:, or (c) I ,o1: rt, tt. in or stem cankers 
onl older p]lants. DestIructi i of rcots Icy the Fungi orC damage to the 
vasculI arf system restrictls waLer iake cnd moveminct ai cats1505 p.lants to 
wi IL or die (imi op teriods ofi hio h telilpeor turo;s or cc. cuc,;ht. 

(a) Rh i z cLcni_ Bop.t .t-, Seed._ hg HI ihgt an"d stem Canke . Rhizoctonia 
disease is cacsed by izct Outy SOMCAn Kuehn and R,. ba ttco Ca Taub. R. 
60fanti is wi des)read having been report:ed on munglbeans in .india (Grewa.,

1978); 
 Iran (K'a.iser, 1970; Kaiser, Mossahebi, and Okhovat, 1970); the 
Phi lippines ( [laq, L978) ; Taiwan (Lai and Wu, 1963; AVRDC, 1904, 1975, 
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Some Commonly Available Chemicals with Fungicidal Properties.a
Table 9. 


Common Name 


Benomyl 

Canbendazim 

Captan 

Carboxin 

Chloranil 

Chloroneb 

Daconil 

Dimethirimol 

Mancozeb 

Maneb 

PCNB 


Sulfur, wettable 

Thionhanate 

Thiram 

Zineb 

Ziram 


a


Trade Nameb 


Benlate 

Bavistin 

Captan, Orthocide 

Vitavax, Plantvax 

Chloranil, Spergon 

Demosan 

Daconil 2787 

Milcurb 

Dithane M-45 

Maneb 

PCNB, Brassicol, Terraclor 


Cosan, Sulkol 

Thiophanate, Topsin 

Arasan, Thylate 

Zineb, Dithane Z-78 

Ziram 


Type of Fungicide
 

Systemic foliar fungicide
 
Foliar fungicide
 
Seed orotectant-eradicant fungicide
 
Systemic seed protectant fungicide
 
Seed protectant funqicide
 
Systemic seed protectant fungicide
 
Foliar protectant fungicide
 
Systemic eradicant fungicide
 
Seed protectant fungicide
 
Seed protectant fungicide
 
Soil fungicide
 

Foliar fungicide
 
Systemic foliar fungicide
 
Seed protectant fungicide
 
Seed protectant and foliar fungicide
 
Foliar fungicide
 

Chemical fungicides should be handled and used only according to directions on the label and in
 
compliance with local rey .lations.
 

bTrade names are used in this publication solely to provide specific information. Mention of a
 

trade name does not constitute a warranty of the product by the University of Puerto Rico, the U.S.
 
Agency for International Development, or the authors, or an endorsement over other products not
 
mentioned.
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1977, 1979); and on blackgram in India (Ranganathan et al., 1973). R.
bWOtlCt 	has been reported on munqbean in India (Deshkar, Khare, and 
Singh, 1974; Crewal, 1978). R. 0eaIM . produces sunken, reddish brown 
lesions on 	 the seedling hypocotyl at ground level or below, which enlarge
and coalesce, girdliit the stem and causing the seed]ing plaint to collapse
aid die. Black dot-like sclerotia are Formed in di.seasediporastJ.s of the 
root and stem. The fungus is pr i.i ]rily soi ipvhabitinq ainid survives as a 
saprophyte 	 oin soil orqanic matter, or in.decayed root tissue it cted with 
other ftngi (AVRDC, 1975). The disease is produced on a large nutber of 
crop plants and i:. mst ']uLtpreva on plaints growing iniwet soil. Diseased 
plants may he cointeuitLraetd in sima.l patcls tenor scat t rei d (ovei the cntire 
field. R. .500 &lt( infection is more injurious to s(ueo]ii gs than to mature 
plants. The pathogen is concentrated .inthe surface layer of the soil where 
organic matter is present i.n most abundance (Kai.ser , 1970). 

R. .AsOMCat produces maximum disease at a temperature around 20 0 C and in 
wet and alka]ine soils (Kataria and ;rove r, 1976). Disease injury may be 
reduced by cropl rotation, timing of planntings to avoid periods of low 
temperature, and draining wet: areas of the field. Chemical seed treatments 
to control seedling blight by R. .SO -iu. have given variable results (Table 10). 

Table 10. 	 Summary of Seed Treatments for Control of Seedling Blight
of Mungbean Caused by RTL<ZoCt0oin 60aL Kuhn. 

Treatment 	 Diseasea Survivalb Surviv C Seed d
 

Index After After After Yield 
7 Days 3 Weeks 9 Weeks
 

g/plot 

Untreated control 100 0 14 122 
Benomyl 25 93 
Captan 168 
Carboxin (Plantvax) 
Carboxin (Vitavax) 
Ch]oroneb 
Mancozeb 
PCNR 
Thi abeidazole 

47 
62 
98 
67 

62 
48 

0 
97 

18 
58 

79 
72 

124 
176 
231 
148 
209 
199 

Thiram 96 135 

aAfter Sharma, Tiwari, and Kulkarni (1975).
 

bAfter Jhooty and Bains (1972). 

cAfter Kaiser, Mossahebi, and Okhovat (1970).
 

dAfter Kaiser, Okhovat, and Mossahebi (1970).
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th i:am, carboxin, and
In the Phi ilgippLes, seed treatment with cap tan, 

(Ilag, Quebral, and Benigno,chloroneb are suigested as a control measure 

[979). The toxicity of fungicides agcainst Rl. . &l. be affected bya. may 

physical factors such a.:: tempeatture ad pL (Mailihan, Tyaiqi, and Grover, 
reducing

1975). Breedinig For re-sistance has not o Fe roid lch T 11omise for 

difficullty ec,'untreld in Finiding resistant:disease injiry due to t:h 


strains. in Iindi d, 163 access;iolls nncuLur(']m;
Wer lt:r>;tCd for resistlnce by germinating 
seeds in paper-, towe.ls afTter they hl.-d bteen ditlla' inl R. W {ad{ L 

inec lltm into the 
seedlings r i iin; hellhy wore inoculaLud by njntt i n; 

accessions werehy ocotyl (D, ihkar, [,hire, intl Singh , 1974). Wie ,i Lh, 

0: r" ri etned i n the field
found to he r stant. At AVRDC, 745 ,Iccl''1 

*F ", R. 5OMECa ,ind Pt!pLnl spp.;
for damp ing-od cais;ed by tie combinod eFFoUc 


1

i ai d0(1-1 creeling trials (AVRDC,

none were esis.tant in combined 

1979).
 

int (Olsofei) Fitz. *and P. tti.tmfUnb) EytHi v114Pythcnm apit . 
tonqi that. calse suled decay, dMpinq-off,Trow are common :;o 1 irnhabi ting 

and Ire- or po t-mner ince killing of munilbean seedlings. Infected seedlings 

In older plants, infection maythat emerge oteti hive dead grwinq po itts. 

and lower stein, dalk brown Ics on)is tie stein, and 
cause decoy oi the oots 


soils. P.

evetulilt;nq . l athogens thrive in wet md flkaline 

warm temperatu e' and P. .ti]tutOwn by coolaphtanLl.{.d'cmaturn is ta ied by 
is most p:reval;t in wet, ra-iiy seasons 	(AVRDC,

temperatures,. The fi.,ne 

1978; Jagaiatnhan et al.,


1975). ,itl w':i'h(-,,eni and hilackicrnm ae hosts (Yantg, 


,, i enini ni, 1979).
1974; I].a Y olwi ,and 


Symptoms incited
(C) Fus (t../ 101 :i. Futsa('tdwl pathogens are widespread. 
in root arndf stem, and wilting.

if a '' ii of tie vasclr sstemare blighti iq, 

"Ftin nte - fit: plant a a secondary invader. Qn contlrast to
The pathogen 

W m' si . i.n Favored by dry, acid soils (AVRI(C, 1975). The 
PyqthUt lsp!., 


cvmplex ofI 'Ithlliu ,lii [:t;ci smi ire reported Wsofe ans)ci 'iated with
i I.sea:;ses 

ean ih ,ii:;, ''or ; in I rin ('i:;er oF iii. , 196H) , fIdia (Wi.1liams,muog 
1975, 1977, and 1979) , and
 

Grewal., torI Amii, 19(,8), 'taiwan (AVRDC, 	1971, 


prcedutre; that are ta'or:able for

the PhilIipiln:: (Ili, [978). Cultural 

oisture

rapidclominit i(,a, ind growth of nuuiqbcinu, viz. pl1antiog whei m1.i, 


on ntimum and usjing seed pliotectatit chemicals, 
are suggested
and temf.1-ratLi n oq 


cintrolI prI(: Ii
 

Poliar Disease
 

caused by both fungi ard bacteria.
Foliar diseases of mungbean are 


(a) 	 Cefcosrpr'c, Leaf spot. CC)cOspoia leaf spot calses severe leaf 

tropicaf areas f Southeastand de iiati.n of mu i ibcnan in humidspott ing 

spi , Car iom, :itrd ffohb:' I, 1978; Caildi Al. and il laL.tcan, 1978;


Asia (Leg 


Duanq'l.oy , 197P; Krl'wal1 , 1974; SWonaramanf a:int Moro) The
and Siitavmai, . 

l and 

(1t,''0 iniitgmu'qii 1/intht' Philippines 
17 incifp.al 'atlit ,te is C iolco/p1o a c(( iscp.('11 F1E . G. Malti. , although 

C. c.cteii.ta hai:; been ;opor tt to be 1 :it, ' 

(We]l]s, 1'924; I1"J, I97M), a-nid C. Ca'(tCaic(T. (SpeqI.) ;reo.e and C. do iM 
with whiteLeaf spots LiJreyihin Indlia (Ratli inl Growl.,' , 197.3). BroWn 


the loaves, :tlausili; premature
coltors ind reddi sl brown margins dove.l, cm)Io 

http:c.cteii.ta
http:incifp.al
http:Duanq'l.oy
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defoliation and loss in yield. As the disease advances, lesions are
 
developed on the stems and pods. The disease spreads by spores from soil
 
debris. 

Spores of C. C6Unu5c.sce. are p)rimarily air borne, although some may be 
seed borne. The disease is most prevalent during the rainy season. Disease 
severity increases during flowering and pod fonnation. Conid.a production 
on etached leaves was hig]her in darkniess than in norma ].liqht, and optimum 
at 27 0 C and 96T humidity (Ra th and Grewa1, 1973). Sta rch and sugar content 
of the mungbean plant is; do,,l ted by tho pathogen, ost eiinsbly utilized for
 

growth and sporulation tf tiLt, pathogen (Vidliya;ekaran ani Kandasamy, 1972)
 

Altliough chfinias Are ,c ](l used by ftmer , itnjutiry fromIt CQILCOSpO Lu 
leaf spot may he. reted by f-o]ir fungIt icidies such as betrimy], ,dnleitdazin,
 
captan, daconi i, or Mucb (Srivastava, 1970; Kott' thlne and Ai-rawa l, 1976;
 
D. V. Sinth and Singh , 1976; Rewl and Hdi , 1976; i'CARP , "977; GruwaL.,
 
1978). S:reentitg by1 tsini Ltd qn-pIot ] 0 resilted 
 itn identtifiattion of
 
three moderiwttly r i .tsat L vari i 
 Ml, -,, S, -5 , anl ML-15, i ram the Punjab
Agricultt I Ir iv ,.ity Ln Indti (Mw, W, and Mew, 1975), P'agasa from 
the 1Phillpiinw; (QuA)rbjal, 197H), and lackram straini VMP156 (AVRDC, 1979).
 
Plants .1c-' artificial ly ittcilated by spraying with i spore suipens ion.
 
Artificial it , IAtLiou wi::; di fficult 
 },r avito ;ly due to poor s ttuIuation of 
C. Ca'ItSM5' ont an Arnti icia] medi.a. lHoweve-, wten grown otn a carrot leaf
 
juicv-oatmeal a - t medi i, the pathog en 'au l.ate.s abul)dti I 'y (MOw, Wang, 
 and 
Mew, 1975).
 

(b)powde(ry_ MlI ow. o'wde-ry mildew is a common fo]iar dis'ease ofr mung­
beaI. It lha; been 1e :1t ted I t'nt Col (,I! i a, Ecuador, 'th io' i a, Korea,
 
Philippines, Thailand, 
 ant U.S.A. (Poohltt .L a]., 1976), Australia (Bott

and Kingston, 1976), Taiwan 
 (AVRDC, 1975), ant India ((;rowal, 1978). The
 
disease i; favored by, dry wcetler, temperatures of 22 to 26°C, and relative
 
humidit of, 2(
(' tHo HH (1 1,iq, 1978) . In Asia, the disease is common in
 
the cool , dry nI itIIths, atd se o ia, . jrV d Ietit i n Llie warm, ra i ny seaot .
 

TI le IA C)lott, t Y5 iflit II .C., is hi I' yy sp(OQ3(tI c .I cia I i nod, and infects 
both munqibeAn at , baIdakql;r,n. The dis .it flr;t aqi'atr:; as ashIt grey spots on
 
tite u,11 ir ace tito ,tvus; a; sp ret 
' v ,tt of l tht, tuntus :;, a mycelium covers 
the leat strfac.,, givint he p1l.ttd a pt'dcr' whtiLL air,.arancx . Iniadvanced 
stages, stemst; and pod; bec( imei cttti And older l eave; dtefoliated. Infection 
during the ;ee tling s tda, may l-r.esutlt ii eloath. Whtetn inqd rriorprl:a to
 
flowering, so tihat I,. v; were c'vered with 
myc" ium at :ine of [fltering,
yaields we:e reduced by 21. (Soriia aiti ,tuiA l, 1973). Unfection after the 
pods are ;et may htve ottly ;]iqht effect on yield. 

Po] ita fu:,icides such as bvi:;t-itt and blitcnyl are effective aqainst 
E. poC[jr(.;:. (y.}ueb ,a And I,att ican, 19w9; Kt-tl;tolut' and AgrawaI, 1976; 
PCARR, 1977; , 1978). 1'%a disea;e is also,aI I a tively ctntr l lcd1ttt.l 
by sp ayi ny with w ft-t l l stl ttr (;rawal, 197H) or dimetliriml. (AVRDC, 
persoIa I t!ITtIII i cati), 192(1) . A; with Q lmcpo la''(i ]pat ;p t, trmert; 
se].tlit :7) ci to] N) hi.gh has been found. 'i IV co 'it r lmldPow. levl e i;st-atca 
in mtttntghean , wi:t A m.t lratue leve], of ret-;i.tnt.ce ha been identified in 

http:ret-;i.tnt.ce
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ML-3, ML-5, and other varieties from India (AVRDC, 1978) and Pagasa 1 from
 

the Philippines (Catedral and Lantican, 1978).
 

(C) Scab. Scab, caused by [FtKLo S.actaC Kajiwara and Mukelar, is a 
serious disease of munqbpa n in Indoneosia and is also present in the Philippines. 
The disease <af fect.s t:he Ieave.s, stems , and pods. Le<(ions on the ]eaves are 

small and circular at First, buit tiaual]il.y enlargel, sometimes bilcominlq angular. 
Older lcsionis i)o:omvi gray and drot ll!:, giving tihe leaf a 'ashot-hole'' 
appearance. Witi severe inFct:ion, tihe leaves are curled and the Iants 
stunted. Injury A=tm the disease may be ucduc-d by application of; fliar 

fungi.ci des , suct as Ltiiiohanate, avist in, )r beilemy] (Muklir, S udtadi, 
and Kajiwara, ]976; Kajiwara and Mukelir, 1976; Mukre1rr, 1978). 

Ce. (t hUm(d) Antliiralnose . Anitiracese , caused by (.0tq-CC t. ludQJlit.tkiahtllfll 

Sacc. and Macjn . , has burn rr ,orteld O lonlmllitb ii ini [.iEdi, (Srivastiva, 1970) 

and the hi lip ines (Iliq, 1978). The disease rmdise. biwn, siinken 

lesions on Lh c,,ty lodenm:s and youn(g :;Lrims, wh im / inlwras( ii SIzo anid 

kill. the plaui:. P,. and weeds may become iEnfoctd; infuctti seeds usually 

fail.] to qot1711111 at o,. 'lte di.seai.se is fav ) let by rai.ny weather . lisuise 

incidence is rduced y si-ryi ng with a tiilii(lt.Iidu. Resi tint: selections 
have been i.de"iti Fied in the Phi iit.i.i s (Catedrali and antican, 1978). 

(C) RLi:;t. Rust has beeii consi doered to be i m.oll dis ease on mungbean, 

but it is i icroas i t ii n impoertaanco in the Phi Iippines (IIg 1978). I1a, 

Indonesia, rist: is usilly piresent an mungboan in Linie rainy season 
(Somaatmadji and ,Sutt/amLman , 1978). Bean rust, which infects mungbean, 

destroyed a broeding plot of blackgram at Colimbatore, India (Raychaudhuri, 

1968; Wi].liams of a ., 1968). 

The nomliature of tihe rust species infecting mungbean needs 

clarification. Rust ingi. ,:o]11ected from mnugeami in India were identified 

as UL0wmycc>S ?JitdS ct0et var. t pti.}ca by laychaudhuri (1968), and U. 
appendiceu (P by Wi l et. al . (1.96H) . (1978)es.) L. aliams Ilag 
identi fied th rustLpathogen in Lhe Plii.]ippilies as U. Ag'gtnL] barc]. 

Yang (1977) roporLs niinqboan to be a host to the soybean rust fungus, 

Phakopsoa pachy.ht'llzi,Syd. 

Incidunc "t rust disease may be reduced by spraying with foliar 
fungicides sulci as su].lfur, benomyl, thiram (Kannaiyan and Rao, 1974), 
mancozeb or t:arbt :in (Ilag, Quebra1, and Benigno, 1979). 

(_)ja_ L e,f__t. Angular lea f spot on uunghean and blackgram 
has been ret torted From India (Pavqi and ThirUmialachlar, 1953; 1aware, 1.972). 

The pathoon nliti.i,i angula-ir hoi f sptot i.s ('tomtyc opsi5 pateC.L, P'avgi and 
Thirumalicliar. Sypiiomttrs ar-e pate green, angli Iar poL'till thiio leaves, which 

gradually hcllnt dirker in coliohr, finally turtniinl 1iiilt -back to (patque. 

Ch].amydospr o ';1rlindtion inhibited by}hmAiramb, i i, n and otherwai iiit 

foliar Funiu id s (thiwiiro alitd Fvji, 1969). Muntlb.i an vyiits i1y2, Krishiia 

.1, al]d Khartii I , alit blacktrnan valiectiesc; T-21 andt ljjiin 4 are highly 
resistalt (HIawate and Pavgi, 1976). Mungbean varieLies are geelra1.y more 
resistant than blackgram varieties. 

http:fungi.ci
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(P) Bacterial Leaf Spot. Bacterial leaf spot, incited by XanthomOna
phc eo UL (Smi. th) Dowson is a disease of mungbeaii, blackgram, 
i
 

and other legumes
(Patel and Jinda, 1972; (;rewal, 1978). The disease produces small, dry,necrotic pustules. The pustles qradually enl.arge and coalesce to Form largenecrotic blotches whiclh di'sin tegrate to qLVO Lhe leaf a raqged alpearance.


Streaks or cainke rs develnI, 
 on t he ltI in more severe infectLi;s. T)he

disease is favored by warl, 
 wet weai ther. Crossc .inocula.tions on soybcans,
cowpeas, biackgra i and other legumnes muqgqsttd that the rmi;::nqb ,n bacterial

leaf spot pathLen i. di'stinct race or strain of X. paS 0c'L (Patel 
 and
,indal, 1972). Six p it li i i -. raices: have sinc:e ben i t aid, wit hresistance to each being inherl i ted by di I-f-eroudt ;uill ( l |ii (;lnen

(Thakur, Patel, 
 and oi ma, 1977A). Rcsi-stanice to l-i;ial leat spot,

WCcvrO.apOkt Loaf spot , and 
 velow mosaic virus are inh,:i ed i.ndep 'ndently
(Thakur, Pate1, and Vcinca, 1977B). Patel, Jinl a ,di Singln 
 (1972) screened
2160 lines for resisntance by slraying at the 3- to . t.i fo] Lite UeKi stage
with a diJcite 5'.2;i,:i5 i o"F X. phaSOL'.U and identIfied 9 ;rusi.t:ant and 5

tolerant strinys of mini;.;beAin. Sued t reatment with 
a sued prL)tectalit

fungicide will 
 contro l st(ed bo.r-ne bacter ia. 

Ilalo( H) Bliht. Hialo bli yL is a bacteria! disease of munqbean incitedby P.deac mcncas >dtas- oloC)ol (Burk.) Dowsn (Schmitthenner, Hoi ti|ik, and
Kroetz, 1971; Pact el and Jinda], 1972). The diseae prtoduces watursoaked
lesions on th uherlside oF the feaf which are surrounded by i chlorotic halovisible on both side.s of the leaF. The path,en is soil borne ,iiid seed

borne. Control ernedies include 
 spring , planting i; sease-free seed1, and
resistant varioties. In Ohio, U.S.A., a 
 va ri e ty from 'eru (C. 1.378023) wasresistant (Schmitthennur et al., 1971). In India the variety Jalgaon 781
 
was resistant (Pate] and J inda], 1972).
 

Pod Rots
 

Diseases which produce rotting of the pods have been identified in
India and the Philippines. In India, Phytopihthora pod blight, incited by
Phjytophthola spp., produccs pale, watersoaked lesions and a white myce]ium

on the pods, whiclh eventually rot (Srivastava, 1970). In the Philippines,
a Diplodia p id rot, caused by Qbdp Od & na taKbn -5-S 
 Po le Evan s, starts as asoft rot in youil; pods (Ila( and Mart ii, 1977; 1laq, 1978). Within 3 to 5

days the pod turns brown or , 
 ar.Ck aid eve ittual y becomes dry and hard.
Seeds in [ccted po(ds are K;.Iriveled and dark in color. Unfil led and

immature pods are most .isuscept:ible; resi stance 
 inicreases as the pods become 
mature. Infected seeds fai1 to qermi|iate. Varietal differences in 
resistance was observed. 

Virus Diseases
 

Munqbean is host to many virus diseases. Most of the viruses also
infect blackqram. Some cause serioAs injury and economic loss, others
have only ml nor economic i|mportince. With a few exceptions, the viruses
of mungbeanI and b ack-ran need further study and clar iica tion of their
distinguis;hing Lures. Viru;es are di Fficult to identify; host range
and symlltsn:;, virus par Licle si e anrid "shape, tra nsmi.ssion mod(e, serology,
and other phys'-cical and chemiccl lro['uercis(of the viriuso are roq;uired for 
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accurate identification. Symptoms may be confusing due to multiple infections 

of viruses in the same plant. Laboratory inoculations have shown mungbeans to 
be a host to viruses which have not been identified from natural field 

Lnfections. Many of the reports on virus diseases in munqbean do not cive a 
full and accu rate descri ptioni of the symp'toms or causal agents of the virus. 

(a ) Al fali ti Mosa i Virus; (AMV). Alfalla mno:si. virus (AMV) infects 

munrvbean in IrIi (Kaisio'i, Mos.;ahebi, and Okhnvat, ]971; Kaise: et al., 1972; 
Kai.s r, 1979). 'Qn'',,ic of AMV on mmujbean are nulitincl, le.af yel lowing, and 

leall]et delfo<matim. ' h virus is t rainsmitted by seve ral aphid species and 

I tI; 

and the di ese i ditlpi i.sliedi with certainty from CMV only through serology 

tests. ''ho d i aea in nnlliriean is not cons idered to have mucc~l e2conomic 

importalce in Irauni s;incy e.ne'rally leg; than 1% of the plants within a field 

Ore infected. No, n'incascof r'esit.1tance in munqboaii have been .iuyit-if ed. 

Is- no-ur:s;i;tIL. .ymit re.;eemble those of cucimnbe r mosai c virus (CMV) 

b) Bean C,'uimn tosai c Vi rus (PCPMV) . Bean common mosa c vi ru; (BCMV) is 

A seed-borne, aphid-ti-anmitt d virus, in fecti.n j beans and muiqbeans. BCMV is 

th(e most comm, 'in, munlbean di 'Easo it, Iran (Kai.s er, M:;sah bi , and'Okhovat, 

197.1; Kaiser and M,:: l.ehi, i97.1) . Symiltoms include lea f mosaLc, puckerinq, 

blistering , ro'lliin j , n d lormat.ion. Yield i.; ,-duc d Ifvirus infection 

o'ccur:s befor, io)d .t. The vi us is trtianszmitted Ly qphids, :;ap i noculation, 

and inf,cted seeds:. several aphid ,spe(i(es, AphIt. &vecdwV0,a, Acurt thosi.phcn 
p.5l.ti, and A. .Suw.SbanLflaR(, trains;mi t tile vi rus in a nonpul rsi' stut -;tylet-born 

maini r.. Seed tLfran:;m i ':'.mi ranged fmI , toi 32%. ff nt;it strains of theCCfi Di 

vi r-: were i s(lu tIed Ifrom Wein and iuni;jboaii ini .ian, the two s trains haivilngt 

diIffi('ilt hu;t - 1unie;':;. II .raun, 1 12 mungbea; 1 iies were scre(ened for 

H:. i-,l;tijCe. Whieia the. vi ru:-fir e liune:s were screened agjaii the following 
2 maiinl vir:s. meas.;ures beens;eason, only l inen; trone of ,'i No contr l have 

rep'ort:o lour B(.V in mniijbeans , but- vi rus- tree seed i; essential to prevent 

its spread. CMV al :;,, inFect:; biackqraim (Nelsou, 1932). 

Morii V-ni:'; Cucumb mo sa ic has reported 
itnaturally infecLt iinn munqbean in I ran (Kaisor, Mossahebi, and Okhovat, 1971; 

Kaiser et aL. , 172) idt in LMiss.ous' i, I.S.A. (PuriviuolkuL and Poehilan, 1977; 
Purivirojku] et mi., 1978). 'Ih, disease in muniqbco nscist"s of dark and 

light ctueen nuaic pCat ton, nckarlinu and bliste inq' of the trifoliate leaves, 

(C) Cucumbe r V (CMV). ner virus been 

ftun tinq, an' Flower abor in. Sever ity of the di:;asne au los; in yield 

Varies wi th the, stra1in of munrqbea<ns. The causal funu' ias been identified 

t.lrotiqli Ltd,.L ili;';, studies, electia micro;copy, and seld'logy (l;ui ivirojkul 

Of al., 197'3). 'Te '..'i in ;Is t:.in ;;uniitted by sap iiO ioul:t]ielmi mnd is; seed­

low I insIi a'cibor" wWI 1 f-f' i 00cy7. is tisliired iai( tted hby the row 

phi, pki. nac~ci , , wing brie p.tr(ob'es. The Viiu is nonlljr<ritent. 

A s:-iin o CMV nl tilt ] i7 m -uit iing bea1s i lihNw York, U.[.A., ,ilso infected 

innl'jleloaii, tilm dit ffecrs f rom it strai i .n L is. uri (l'rovvidenti, 1976). 'The 
s:train [iheni N ed(, inl Mi.<sa;w> i , namedi (AC V-M, jymc~i-udc local l<is ii:.; whenm 

pyimr' (av "Fi- ''ilii wereti ' but: wXis tranm:iiltteds ' roq;iv;tlntL ' si' im;,tiilaLotl, 

;y;tecmically to Ii -'nl iief leaives in su 'ptible;t varities. t':.<iL;ance was;
 

riin l llu.uin and
inherited si:; A O it 'pie (Sitt iyu:s, Poeh Iman, Sctga.l , 1979). 
Seed L ransunis;i of 124V w,-; repoled ii need or i.g;i nating in llIr, (Phatak, 

1974) , Missouri (i ttiyos et al. , 1.97')) , and 'Taiwan (Iwaki, 1978). 
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Damage from CMV was assessed in Missouri by growing mungbeans inscreened cages to exclude the aphid vector, and in adjacent field plots
exposed to the vector. In the unprotected plots, the strain with the
greatest injury produced 
 only 5! of the dry weight of the resistant check.
This compared to I142, of the dry weight of the res ;istant check for the
 
same st rain insi do the 
 caqe (Pur vi rojkul and lPoehlnran , 1977). 

( reong Mosaic (GGr. A vi rus causing a mosaic disease wasisolated from in :outhern Inndih The virus is aphid and sapIndia. 

transmi.sible. 
 It wa not sorulogically rel.ated 
to tobacco mosaic v.irus,
cowpea mosaic viruis, soybean mosaic virus, or potato vi rus X. The virusdisease caused cons ide rable ecoomic loss to Inunqbean in Tami. Nadu state 
of India (Ramakri;hnan et al., 1973). 

(W) Ieaf Crinkle, Virun (LCV). Leaf crinkle virus was 
first observed on
blackgran in--i nd-i -by -i- - i .r - or. La I. (.968) , and was Lator reported and
described by Kolteiand Nadcno (1972), None and Kolte (1972). and None (1973A).

Although comnlryiII' und on black9ram in India, minnmqoan is a host also.
Symptoms 
o the dInuho are -criirinq, curlinq, puckeri g, and rugcosity of

leaves; st.tnit I ; !oanL ; anld n I. ofo rnlan n f].owers . SirO, "io thedisease in the field is Ielat ively slow, ut injury in blackgram may besevere i - iNfO=tion occurs iin ylti plants. Seed yield redluctl:.ion of 62%
 
was reported by 
 Nene And Kn, fte (1972). The extent of niaturail infection in
 
munqbean ii [ nd ia is uk
LInown. 

The virus is trrnsmi,tted in bl,:cckgram by sd) inoculation, grafting,insects, and socI. ApIsL Q4JCC tOla and A. cg0U yp.2l are, vect:ors; (Diinqira,
1975). Seed trrns;rnjssi-n 
seed 

of 18% to ,121 in bl ckgramihas been reported, withtran in;sim ,[ q rlduced as i of the Ilanti at time of inoculation
increases (Na rayrnacany anid Jaganaa, 1975) None and Kolto (1972)
screened !I hlackqgrain varit-ius naid 12 licirbig1 varicapstit, for resistance.

All blackqraim varief.Lon were susc'ptible, but 5 munqbean varieties were
resistant. Sme varVieties- of b] ackgram 
 we ro ie)ort ed to be highly resistant 
to LCV by Nara,y.'a a mr,, and Jaqaratnhihi (1973). 

( )a]f Curl. Leaf curl is a virus disease of munnqbean and blackgram(Nene, 1973A; No roard S inugh, 1972). Symiptoms are chlirosis around lateral

leaf veins, rol] linq and downwatd ciling of tie leaf marg .in, 
 reddish browndiscoloraLti on on thei1,.if urde.,rtf ice, and stuntingii F-the plnt. PlanLs 
infected while Ug (ie' 

at t-imrre 'f infectio.,n may 


y n't eithron or becorc' ;;ermnnant. i y stutnted. l]ianLs older
prrndu c a !(5.itds witih ni;mail seeds. The disease

is transm itrrrrtd by/ 1iir ii f isa tl ritftill. 5('1 lesions , sapappear oinociL.hted ler trw Iirn otn'ctirLrrii1,ettii nthuoi tic. (7owpecr variety C-20is a local l ;i t lio]f ((-uiiiit. ii iril boniwv.a' , I?.5). Altho neith. r eed 
nor is ;ocL tL.i.mi s i:r ci l on trr P'irmruaa, lis of Iilplbfi(a 

h io sii 
i11 IntLir

Pradesh, I n ia, had rp to 212. iifecfloi r ntL;. R sis;tnt vriorei.. ofmungbean a,:nd hvel t kt a hlrv )-en i .iiL fi, di (N it And :;i ugh, 1972). 

(j)-M" iit of 1' i,:c:krtll., Moitaic _ ottt A nos i Lcdi ras:. of blackgramwas desc'ribed Ir id Rvchar(ijiniu (1963,). S;ymiltfc:; Are a mosaic oflight and grieei lat ches on :h e leaf, upward roll i rig of the loaf ma rginr, andblistering of the leaf blade. Noire and Srivastava (1972) named the disease 
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"mosaic mottle" and listed mungbean as a host in addition to blackgram. The 

virus could be 
was obtained. 

mechanically transmitted, 
The disease is widespread 

and seed 
in north 

transmission 
India (Nene, 

of 3% to 
1973A). 

4% 

Mt L-e. A viruis was isolated from mumgbean growing in the(h) Munlean 
chl orotic spots al-ong the veins in inoculated primaryPhilippines that: i ndiuced 

and cllarot ic areas in the emerging trifoliate leaves (Talens, 1978).leaves 
named muqbean mottle. The virtis is mechanically transmittedThe disease was 

and Vossesses seroloqical pJrop ertieus slmilar to backrj 1in )ttIc vmo.ris 

Nadu
(.) Tobac _ai c: (TMV). A virus isolited from mungban in Tamil 

state, India, w' identifind as a strain of tobacco mosaic virus (TMV 

Infected plants showed slight stunting, and(Ramakrishnan et al., 1969). 
virus is transmitted by sapmosaic mottling in 	 infected leaves. The 

inoculation.
 

Mosaic Virus (YMV). Yellow mosaic, also called munqbean£j)Yellow 

yellow mosaic, is the most cevastating viral disease of mungbean and blackgram 

in the Indian subcontinent and adjacent areas (Nariani, 1960; Williams et. al., 

1972; Nene, 1971A; Ahmad and 	 Iarwood, 1973; Vzrma,1968; Nne, RAthi et aL., 
1978; Beni n and Dolores, 1.970;Kadian, and Singh, 	 1973; Lwaki and Auzay, 

id~ Hlubbl I , 1978; Grewal , 1978) . Symptoms of YMV firstLegaspi., Cat1 on, 
leavs: and (ve lop i ntoi yellow and appear as small ye llow spots on young 

green patches, or comp letely yellow leaves in advanced stages. Diseased 

plants are stunted, miturity is delayed, and few or no pods develo). Plants 

klid Flowering. The disease isinfected at in e a rly age may 	 he hi before 

Bi8cw a tarbacL Ge . , and by grafting. It is
transmitted by the wliLefly, 

seeds.not tranismi tted me ch mi ci.1y 	or: through 

made by Nene, Rat:hi et al. (1972), RathiTransmisasi .studi en;idshave been 

and Nene (1976) , nd Muruqasan and Chel1ah (1977). The whitefly acquires 

the virus cuii g a 15- to 60-minute feeding period. After a 3- to 8-hour 

1h" virus is transmi.t:t:ed during a 10- to 60-minuteincubation periAd, 

inocuilati on poriod. A inqle whitefly was sufficient to inoculate 8 of 32 

The virus is classifiedplait:;, Aind 10 lli, :; inoculated all of 	 20 plants. 

thle male adult wlitefly fer 3 daysas a circulative type. It per:;'ts in 

Fmal idult for if days ,Pathi anl Neno, 197,4). Varietiesand in the 

differ in ty- of- react ion. Suscelptible varieties exhibit a yellow mottle 

react:i n and rea:timit variet ies exhib.it a necrotic mottle (lair, None, and 

with the ye1 low mottle react ion are better sourcesNaresh, 1974). Var iet es 

of virus iOr icqisai.t::ion feeding than varieties wi t lIce necrotic mottle 

reac tin (Rathi and Me ne, 1976). The ]eafhpper, ELpcaz MEt-k Plruthi, 

has a reedin g prefe rence For YMV diseased Leaf tissue over healthy tissue 

(Reyupgathy et al., 	 1975). 

occurs mostly in summer (March to May) 	 in Southern andYel. low moisaic 
ct al., 1972; Misra, Tripathy, and Saliu, 1978),Easten India (Neno, Rathi 

months in which the whitefly hiave the highest popru.lat:ions (Murugesan, 

1977). Spraying to control the whiteffly vectorCheliiah , and Muruqesaii, 

at fortni.g :ly intervals reduced the disease incidence, but the effect of 

was not reported (Mathur, Banerjee, and Bajpai, 1965).control on yield 

http:exhib.it
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Moderate resistance to YMV has been reported for a few mungbean

varieties, like T-I, BR-i, BR-2, Hybrid 45, PSIG, and T-9, and D 6-7
 
blackgram varieties 
(None, Rat:hi et al., 1972; Nene, Srivastava, and
 
Naresh, 1972; Sival rakasaim et al., 1974; and others). However, the most
 
e ffective resistance has been identified .instrains developed at the
 
Puniab Agri cul tural1 Ulni vers 
i ty such as ML- 1, ML-5, rMLt-7, LM-214, and others 
(Virmani., Sinth, and Singh, 1976; Pohl.1 man t al., 1976; Pandya, Singh, and 
Sharma, 1977; S.anidhu, 1978) . Resi.stance i:-;salso been ideitified in a wild 
rolaLtive, Ag.a Lad'ut1 1 AMt var. SubhCba Roxh. (\/erdc.) (tFormerly Phnta.c .5 
subCobatuw) colh cLd from inoYL:hurn Indi a (B. V. Si iqh aiid Ahuja, 1977). 
liheriLance i resis .;_ance Le ['MV in; reorteed L be monoqeni c and recessive
 

with variety 2.-2 as Lhe resistant laienL (D. Singh and PaLe l, 1977), and
 
diqenic and recessive w h variLi es Tarai ],ocal., L-80, 1294-1, and IN 214
 
as resistant or tolerant -arelit (ShukIa, Paindya, and Singh, 1.978).
 

) Other Virus io ieass . Mungbeai has been rep~orted host to other
 
virus ditee.. [. s, instLances, Lhe inf-ections were from artificial
 
inoculations nl[', the virus 
not having been i solated from naturally
 
infected fiel d-qrown plants.
 

(C) 1Little Leaf. A disease in which trifoliate leaves are reduced in
 
size has been reported from the Philippines (Benigno and Dolores, 1978).

The disease causing agent, suspected as being a mycoplasm, is aphid and
 
seed transmitted, but not by mechanical transmission.
 

Nema todes
 

Mungbean is a host to several plant parasitic nematodes. Injury to
 
mungbean by natural infestation with nematodes has been reported from the
 
Philippines (Casti llo, 
1971. and 1975; Castillo, Alejar, and hitsinger, 1976;
 
Cast.ilie and Li tsi.nger, 1978); Irdia (Prasad et 
al. , 1971); .Irai (Amirshahi, 
1978); and T iwin (Yanql, 1978). 'Tl genra of nenatodes were assoc:iated 
witLi tlilii]tbeii iin thie Phi lifppines, btL Foir 'pecies or-l Loe oL knot nematode,
Mtoidcf&,pin(cogniJta, M. i w otita amc'i-a, M. a'tc;taw , and Ml. javanca, and 
the runlIi.1. i 1w (-J( QlC(Urftt3 C F'y.91c1.(io illi Lode ,um(du7 were tLie l .imp,)rLaii t
 
(Castilvu, 1975). Th'li. mitian if i host to the 
 soybean cyst: neiiatode, 
Hato-odcs'ia jCye Lilt in th i..A. (Eipps and Chambers , 1959), and to . 
jccvt(iCa andand I. jiu [iWin (1'rasad e.t, al., 1971; G;upta aid Edward,
 
1974). ]Itjuiy may bo UoeKIriiiid by mixteLi c of severl
cl m species of nematodes. 

SymjLt(m; o;soci.aLed wit hh nematode in iiiy are leaf chioros is, wilting, 
stunLinrg, andil Frmation iof galls on the roots (Bajet and Castillo, 1974; 
Catibog and tXi'. Li l1 , 1975; Casi.1llo, Alejar, and LiLsi.nqer, 1977) . The 
ret .s'/s: em is iv.hirc t i n s-ize, tie rent v\as cunlar sysLin i s blocked or 
disrupt-ed, a diiwater iiid nutr.i (lit uptake rest.ictod. l'unqi and bacteria 
may ent:er as sucvi dari-y inivaders. njuired plants tend to flower early, and 
pod producLion inid grain yields are reduced. Newly germninated seedlings 
may fail to:emerge Foil.owing massive nematode invasion. 
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Mungbean is more susceptible to nematode injury than soybeans or peanuts 
(Bajet and Castillo, 1974). Yields of mungbean in the Philippines inoculated 
with R. me0va.'unLs and M. uL~tva were reduced 62% as compared to the 
uninoculated check (Castillo, Aiejar, and Litsinger, 1977). In the nematode 

inoculated plots, teaf chlorosis was most apparent when it was hot and dry. 
With r-iqaition, the Leave.' became green, but chlorosis reappeared each time 
the soil became deficlent in moisture. With time, the plants deteriorated 

and became stunted. 

Chanes in polri ation; or RZ. IM404.0/L6 in munqbein were studied over 
two wet c ropp in( periods and one dry croppfIn p erind (Castillo, Arceo, and 
Litsinqer, 1977/'7HL). Nematode popn1aLion conts ,'rr made From 300 q soil 
and . q mi n qbt, rcu ts . Ave raped over the two w t .eaions, the nematode 
population increased from 14ILo 726 and duirn thi dry season increased 
from 17 509. t ieswere decreased 211 (.uring wet se asonm and 73%to Y fthe 

during tshe dry sea;on, in cotmpatfison witLi 'yield of nemat.cido treated check 
1plots. These (talna-i itricatoL tMt neatrode i]njury to the roots is intensified 
when the seoil mostnre is deficient. 

Nematode ; i!iay b coti tr 1-llcd t hrotv (a ) crop, rotation, (b) nematocide 
cheicals, ,rnrd (C) rcssU.1.it nt var ietie.s;. CM-olT i 1g studies in the Philippines 

show thlat thp riror olr In ulaLion in the so i1 increased mtre rapidly with 
three succussi; n,< cri nsf rir qbhe at 1: thanr wiLh three s uccessiv.e croppingspi..t: Iof 
of sweet: pCtato( o noy7he. A r9 ode was in. hiqher eta te population reached the 

wi th ( bermr bean LuwN .r,.,,;2riv. cr,;. Thu nemattode ,op tation may kept in 

check by a slC,.rce (if L,'( or mnore u;ccessive inolrhost crls such as corn or 
sorghum, or by perilh M falt low (Casti 1 lo, Haet , and Hlarwood, .1975/76) 
If the or rl s ,l llowed by untean , the nematode p)opul.ationcorn ;ortrm 

immediately increass: aqait. Netratoce ' pu iations are sharply reduced by 
cropping with Flooded rice. 

Nematoecide cirelsrtia] , Carbofuran 3C and Nemacur, reduced but did not 
eliminate Lhe rnematdtoIpopu]ation in the Philippines (Castil1lo and 
Litsiitger, 1978I). Ath one subsequent cropping to mungbean, the nematode 
population .increases . Varieties of munqbean differ in resistance to 

nematode injury. Resistant varieties have been identi fied at AVRDC 
(AVRDC, 1979). 

http:rcssU.1.it


XI INSECT PESTS
 

Mungbean and blackgram are 
subject to attack by many insects, but the
 
species and their relative importance have not been well recorded. 
Ooi
 
(1973) describes 13 insect: predators of mungbean in Malaysia. 
 Insects pests 
identified on grain legumes in Pakistan are reported by Ahmad (1975).
Litsinger, Price et al. (1978) listed 26 insect species attacking mungbean

in three provinces of the Philippines du ring 1975-76. The major grain
 
legume pests in several countries of Asia, Australia, Africa, and the
 
Americas are discussed by contributors to "Pests of Grain Legumes: Ecology
 
and Control: (S. R. Singh, Van Emden, and Taylor, editors, 1978). 

In a munigban fild, several insect species may be feeding on the mung­
bean plant sirnultaneously. Under these condit:ions evaluation of the economic 
importance ofP sinile species is usually di fficiilt. This emphasizes the need 
for developin( a comrl)eheisive insect cont:rolI program according to the insect
 
predators prsnnt on munubean in different p)roduction areas. Surveys show 
insect pests to be more common on soybeans in the tropical than in temperate 
climates. Because munqbean is l.a rgely groan in tropica1 climates, insect 
control may be expected to play an important role in practices developed
 
for successful production of the crop.
 

Major Insect Pests of Mungbean
 

The insect pests of mungbean may differ from area 
to area, or from season
 
to season within an area. Major insects identified on mungbean in a survey

in three provinces in the Philippines are listed in Table 11. The list
 
includes species which attack all plant parts--roots, stems, leaves, flowers,
 
pods, and seeds.
 

(a) Seedling Infesting. The principal seedling infesting insect is the 
beanfly (Hua, 1967, Sepswasdi and Moksongsee, 1971; Litsinger, Price et al., 
1978; Saxena, 1978; Rose, Chiang, and Harnoto, 1978) 

Beanfly (Opzulol{fCO phagIWOff 'T'ryon). The adul.t beanfly deposits eggs in 
purctures in the l at tihssue. The 1irvae tunnel through the leaf tissue 
until they reach A,vein, which they follow down throiugh the petiole and sten, 
pupating near tih 'soi.llevel. Seedl ings usual ly wi.lt and die. Infestation 
an, seedling Ions caIn approach 10)7. older plants not ki.led are stunted.
 
The t:unnels
I au;,ud by larval feed in, provide avenues fotr secondary invasion 
by disease I; thaqiE.u. In 'ITiwan , o"a, ,nu1atin.n of bean fly occur in late 
summer and fall , with u,up L" 98u% nr t-h lan n bing i Fes;ud (AVRIDC, 1977).
Some in urv .vy I AMa; (l,1 byn ,tI ust 1 tug un _heaii anti dat i,: t.() mi ns 
period:;of hi h banly f i l tion, or by high nb-eeding to:; t1) increase 
the number of pn11tq:'; that may survive in festati on. Systeumic .so 1 insecticides 
applied at. the time of pla nting are tairly effective in protecti ng seedling 
plants (Hua, 1967; Sepswasdli and Moksongsee, 1971; Su, Kunq, and Rose, 1976).
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Table 11. Some Insects Identified on Mungbean in the Philippines.a
 

Common Name 

Bean fly 
Flea bettle 
Leafhopper 
Aphid, cowpea aphid 
Leaf folder and 

leaf roller 
Semi.looper 
Katydid 
Leaf miner 
Bean thrips 
Bean lvcaenid 

Corn earworm , 
Bean pod borer 
Lirna bean pod borer 
Green stink bug 

Bruchid, seed weevil 


Scientific 'ame 

iC. 011SC'.Li Tryoni 
LcwL<ta%5Lb :ia~ rS-5 Weise 
Etc;Icctczc b.C taU, L, Shiraki 
Aps,., Ap'i5 ctacciucOa Koch 
L o U" i" 

,Hc'lc;ca sp. , Stfu'-cpta sp. 
ChLfodcxu ch'-UC Ltn Esper 
Phai-,vptc-LUL ta Stal 
StoM1o2tem %,/ux bbScCLvaLfa Zeller 

Ct 5 Karny 
Catoccwtysop5 C;1C1?L Fabricius 

&Lct!i,{S zCCa Boddie 
I'.,)LtuLa tLLt&Z Geyer 
E.tA'- .L..a ic tfe Tretsche 
Neza v'uzdLLa L. 
CcL-o,,obr~ta.hu. sp. 


Type of Injury
 

Stem borer 
Plant stunting 
Plant stunting 
Plant stunting 
Defoliation 

Defoliation 
Defoliation
 
Defoliation 
Injures buds 
Defoliation, feeds on flowers 
Defoliation, feeds on flowers, seed loss 
Pod borer
 

Pod borer
 
Injures pods and seeds
 
Destroy stored seeds
 

aAdapted from Litsinger, Price, Herrera, Bandong, Lumaban, Quirino, and Castillo (1978).
 

http:CcL-o,,obr~ta.hu
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Moderate resistance has been identified in varieties Tagalog and Dull 60-5
in the Philippines (Balboa, 1972) and in varieties in Taiwan 
(AVRDC, 1977,
1978A, 197; Chiang and Talekar, 1980).

is more resistant than mungbean, as 

The rice bean (Vigna wnbe.&Cata)
measured by number of leaf punctures,number of beanflies per plant, and percent plants damaged (AVRDC, 1977,


Chiang, Su, and Rose, 1978;.
 

(b) Leaf Pijercinqndin Leaf Sucking Species. 

Leafhopper (npOda6 
 sp). Eggs are oviposited into veins and petiolesof the mungbean plant. The nymphs and adults generally feed on the undersideof the leaf. With heavy infestation the leaves curl 
at the edges and turn
brown giving rise 
to the term "hopperburn." 
 Young plants infested with leaf­hoppers may be stunted. Systemic insecticides are effective in reducing

leafhopper damage.
 

Aphids (Ap0tL. craccivo, Aphis sp._). Aphids feed by thrusting sharp
stylets in among the plant tissue cells and suckinrg out the sap.
colonies multiply rapidly. AphidThe massive feeding which follows injures 
theplant from loss of 
sap, or by poisoning from toxin injected with
Leaves turn the saliva.yellow or brown and plants may become stunted. Additior-ally,aphids serve as 
vectors 
for several 
virus diseases. Aphid populatic.s may
be reduced by contact 
and systemic insecticides. 
 The insecticides also
destroy natural piedators wh ich 
build up and assis.t in keeping the aphid
population under cci t ro . In screening test s conducted at AVRDC in Taiwan,a few mungbean varieties 'ith moderate ro.istanc to the cowpea aphid wereidentified (AVRDC, 1978A; Chiang, Su, and Rose, 1978).
 

Whil eoy (Dmc Wat Genndiis) 
 whitefly is
.The a vector of the
yellow mosaic virius di .ease on munqx-,ban andI hlaickgram. The economic loss
from the viru.s.nii-naac is much gre(ator thianloss From 
 injury caused by insect
feeding. 
 The whi tefly can aciuire or transmit YIV within
period. 'To bc 
a 15 minute feeding
affective, Onse'ticides mnst

minutes of< 
kill the whi to fy within 15its aliihting on tie mungbean plant (None, Rathi et al..None of the 1972)conttcr systemic ipsectciCid.s tested in India gave ]00%
of the whi t,_f] e kill
quick1y enough to prevent acquisition or inoculationYMV. Ti most with
lcfective treatment was a 21 
nonphytotoxic mineral oil spray.
The whitefly bec'omes covered with the oil within 
 3 to 9 seconds after
alightig on the pla t and is unable to feed. Fifty pemcemit mortalitl of
whiteflv 'as Leached in 15 minutes and 100% in 30 minutes fol]l ow.mineral oil. spray.. ng the'his comp.ares with 30 minutes 

to obtain 50i aid i002 
and 1 hour, respectively,

control with malathion. The emulsifiab le oil sprays
are washed off by watc r and, if used, wou.l 
 need to he replaced after each
rain. A fuqal parasie of tem& 
 tabact 
has been identified in northernIndia (Nene, 1973B). How effective i.t: i.s in conitrolling the whitefl. is
 
not known.
 

(C) Defoliati•nSrecies. Many species of insects defoliate mungbean,
teeding primarily on leaves, although they may fee, 
on other plant parts.
These insect predators include 
the leaf-rollers, le-if-folders, loopers,
cutworms, armyworms, corn ear worms, and other larvae of the order
Lepidoptera; herbivorous or pl int eating leaf beetles and flea beetles
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of the order Coleoptera; and grasshoppers, katydids, and locusts of the
 

order Orthoptera. Over one-half of the 26 insect species recorded by
 

Litsinger, Pric. et al. (1978) in the Philippines were defoliating insects
 

(see Table 11). The species vary in different areas and seasons. The 

extent of damage from defoliating insects is djf icult to estimate, but 

will generally be less than the propovt:ionate Loss in folioage since new 

branches and leaves may develop, partially compens atinq for the destroyed 

parts. The reduction in yield [rom deolo]iation will be affected by the 

the stage of plant deve lopment at the time
magnitude of the fnllaqo loss, 
the destroyed parts.of defoliation , and the ab ity cr the ulant to replace 

in soybeans, yields were not reduced by a 171 defoliaLinn loss during any 

growth stage, or a 33, defoliation loss at midblarn (liinson and lartwig, 

1977). Beetles feeding on munqbean may serve as vectors For certwi n virus 

diseases as well. Numerous systemic and contact insecticides are effective 

in controlling defoliatinq insects. Varietal resistance to defoliating
 

insects has not been identified.
 

(d.)Bud, Flower, and Pod leeding . In addition to leaf feeding, some 

insects such as the corn earworm (HectO.tvi. 9tct and beanUm.gEka lubner) 

lycaenid (CatOy!PL!J50S Cn;§('6 Fabricius) feed on buds, flowers, pollen, 

or immature pok of munboan. Injury or destruction of these plant parts 

by the corn oarwe m or the bean lycaenid, or other insects such as bean 

thri ps TaeOWhps L0'g(.W.t{fL1US Karny), will1educe pod set and yield. 

Another dest ructi ve insect on mungbean is the stink bug (QZcQ.Llt Lv.ZLidtif L.) 

which dimage; lionk aL.d ne:ed; with its i iercing mouthiarts. Pods may fail to 

develop, or needs may be shriveled from the punctures. Contact insecticides 

are usually effecLive for control of these insects. 

(Q) Pods Brers. 

Bean Pod Borers (MaAuca .tM6tLMga.A Geyer; KUtM. zinceaettci Tretsch.). 

Eggs are laid on petals and sepals. The larvae feed on the flowers and bore 

into the pods. Yoanq larvae of M. tQ stLul may cause flower bud shedding, 

or destroy flower ra, nductive parts. The insect is wide spread geographically 

and is said t, bu oe of the serious prelharvtst pests of grain legumes in 

Nigeria (Taylo , 1978) . Chemical control of 1od borers is difficult due to 

the l.arvae fecin inside the pod where they are protectod from Lnsectici.des. 

Insecticide sp rays must be timed to kill the :rvae he twoen tho time they 

hatch and tne t im they e; ter the 1pod (Taylor, 1978). Munhoan Flowers open 

over a period of several weeks, so Lhroe or more spray ,appl1ications: are 

needed to give control. In the Phi.i.ppi ines, seed 10os from the pod borer 

is report ed1 to he raolativLy sm-i]] comlared t hat Fr om leaf-feeding insects 

%itsin;er, Quirino et al., 197H). Some munigheai, access'ions withi moderate 

resistance have been Found at AVRDC (AVRDC, 19781B, 1979).
 

toy white (L.tuc'pho[.s i-

Chevrolat) attacks mungbea. in the lhilippines (CARR, 1977). The larvae 

feed on the root system of the mungbean plants. The extent of injury is 

not known. 

A) Root Insects. The hoetle grub U .tcata 



(g) Storage Insects. 

Callosobruchus Seed Weevils (Ca £osobucho Spr.). The cowpea seedweevil (C. mawltktu5 F.) and adzuki bean weevil (C. c ea areHi$ L.)
destructive storage pests of grain legumes in the tropics. The Callosobruchus
weevils or bruchids are present in all tropical and subtropical climates
(Southgate, 197:3). Field infesta :ion begins with eggs laid on mature qreen
pod,. The larvae bore thri.ouch the pod and enter the developing grain. Field
infested seed p]aced in sLorage serves as a source of infestation l:or stored
seed. In storaqe, eggs are deposit.ed on the seed coat of the dry seed. The
larvae bore into the seed and ho]low out the interior as they Feed. After

pupation, the adl]ts energ e, !eavinq holes where they 
 exit, and deposit
 
eggs on sound seeds startin a new cycle. The cycle From egg to 
adult
requi res Wre to foun weeks. I In Lterrupted, i nftes tation may con tin ue

until all seeds are destroyed. Con L .dol i nvol ves saniLaLion oF st:orage

premises, 
 stL -aga of clean uni.nFestcd seed, and eradicationi by ,umiqation.

Coating stored munbl)ean seed with nil.
a thin coat -f peanut or mustard 
inhibits ovipositi em iandrotects seeds From infestation for , to 5 months

(Park, 1978A ; Varmoa& Pan -ey,, 1978). 
 Mix itn wood ashes or sand witth

stored seed inhibits mnovme: t of 
 the beetles and reduces inFestation damage. 

Mungbea't accessions were screened For r sistance to C. CLWlMS& atAVRDC (AVRDC, 1979). i\wo accessions, VM2011 and VM3529, were free from

field infesta tion with bruchi ds , presumable because the pubescent pods

entangled the adults so that tIhey were 
 unob e to lay eggs. If adult
bruch i,ds were con fined with seeds of the two accessions, completion of

the life cycle was delayed for several weeks, suggesting ant ibosis in

the seeds in addition to the munchanical resistance in the 
pods (AVRDC, 
1979).
 

Insect Control 

In the tropi c-, mungbean is rotated in small fields in various cropping 
patterns. At any time, it will constitute only a small percentage of the
total cultivated area. This 
 cropping pattern mitigates against large scale
buildup of an insect pest that would feed exclusively on the mungbean plant.
On the other 1han, mungbean serves as host to a l arge number oF insect
species, that Feed on other 'rop plants as well. Because mungbeait in
 
trop i cal coun t ries may be qcrown in almost 
 any season , a s'uccession o)f
plantings may keep certain predator insects at higher p,-unlaLio...; than
would Le the case if munqban proiductin:i was 1.tmi te t- a single season. 
Insect control. practices in munqcbeuan depend on cultural practices, natural
control agents, clhemical insecticides, and resi stant ',i i eius. 

(a) Culotcural .ratices.. Var.ims ctLuraL pract:ies serve to keep, an
insect totem Latit an in clteck, althI tth c'r ,Ic t- cryntrol will not he realized 
by cultural I',ctices alon1e. C(ulturA] ri, . ip;S thot may he is-;fui are
(a) alterincl p lantinq daLtes to avoid pak insect t o'ullt ions, (Qi) ase of 
crop rotati ons to avoid build-ut of a part icul, .insect SleciOs, (C)
increasing plant densityL" ctompensate for plants that may he destroyed,
(d) control of weeds that serve as alternate hosts, (W) employment of mixed 
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cropping to alter the succession and intensity of insect pest build-up, 
and (6) clean cultivation to reduce weed host plants and destroy places of 
hibernation. Hand picking of insects and egg iasses may be practiced in 
small fields. Trap crops may be planted early ta obtain a concentration 
of an insect., with the insect being destroyed then by an nsecticide. 
Cultural practices Ali'dLi 1;bA doe( pcd that wil1 auen2'nt rep rodiuction o)f 
benefi.cia1 inOseOC-t 10reLaLLO17s. Because mungbeans are crown in many countries 
which differ in cAi matic conditioins and so histication of- cultural 
practices, local research is needed t-o develop pract ices that will be 
most effective ilect contro. in the Loc If envionmentilrlest 

(b) Natural. Control Aqei its . Natural control agents , such as predator 
species, parasites, and a)thociens, can be inmportant in controlling insect 
pests. Subasilnghe and l'e].]owes (1978) las identified parasites of several 
grain legume Iests iin Sri lanka inc udingci beacu fly, bean od borers, and 
corn ear worin, whiclh damage mtiil)(ean. .1t the Phi i1 giies, in cidence of 
natural parasites att:tacki ilJ g qiin i 'Jiil(' ,e!s t is reporLed to be low 
(Litsinger, Pri.ce et a] . , i 197.) . lfowever, in the southen17 U.S.A. pathogenic
 
fungi are repoted to Jifit i ct high mortality in populations of Lepidopterous
 
larvae feeding Ose'rbcan:-; (Nati onal Science Foundation, 1974) Many of tre
 
Lepidoptera that f[-d ei soyl eans ailso feed on mun;lbeans.
 

Increased ut-il izcationl of natural control agents of insect pests would 
reduce costs .t;sciat:edwith use of chenical iinsecticides and reduce the 
adverse off, ct. -n the environment accoinplanying tLe us o of chemicals. 
Extensive rec ca :cl wi I . be, rei i;ed befe . ittur, i control. agents can be 
manipulated so as Lto play a si gni I cant role in control of insects on 
mungbean and thei.r use loM.,; not ofer a vi able a lternative !7or the 
immediate fut ore . Meanwhile, they shou ld be (obs;erved, protected, and 
utilized as fLilly as possible as a cemnponien t of. an integrated pest 
management )1rogramn. 

(C) Chemi cA] Coi -ol. Chemical insecticides offer a means of 
control li g oca. outbreaks of insect 11ests. Evidence that substantial 

yield increases may be obtained by use of chemical insecticides to control 
insect pests of mungbean is found iln reports from T[hailand (Sepswasdi and 
Moksongsee, 1971;. Roonsook Lt al . , 1973) ; the Phil ipi rnes (Pablo and 
Pangga, 1971.; enis -e B,.nasi han , 1978; Cruz, and Litsinger,and Pcara gna 
1980); .ndia (Hare;h anid Thakur, 1972; Chowdhur) et al.. 1975; Saxena, 
1978; Maliaidevan ct :a] ., i97H) , ,or 'i'ai'.,'an (AVRDC, 19781, 1979) . However, 
there i l. tie inftormati in on the e:.:torti to) wihich iiu;ecticidtes7 are used 
on mungbeains. II one .ruirvey in tell(' ihi I j .,' es (I'i tosiiiqe r et- ,t. , 1978) 
41% ()f the farmers iutetviewed 1s5,t i se(eti cide.; intd 84d pract iced hand 
picking of large ifr ;ec t I-11om inuil ibe-An . This may Ilot 1)0 a typical sample 
since aA. of the itariflre-s s;irveyd Lisod iis.ecticidtes on other cro lps. In 
most areas that liuLjn lle:; ire g r(own, .Aiisecticide.s aret it;tidon used oln mungbean. 

RecolmenId Li Ons F use of c-hemi cal tO( control, in.isects vary from country 
to country dle to difIfere nce s iin insect pest s present, availabilIity of 
insecticides , availabi]ity of 0( uipinen. Lo apply the i use cti cides, environ­
mental consideration, and governmental regulatory procedures. A rational 
chemical control- program for a particular area could be developed based 
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on the following principles: (a) utilization of the most effective available 
insecticide that will control the insect pest, or complex of insect pests,
with minimum damage to the environment; (b) optimum rate and timing of 
application, and (C) integration of chemical control with other pest control
of insects may be uneconomical unless other good production practices are
followed. Conversely, other practices may be uneconomical unless insect
 
control is practiced in areas where insect damage 
 is severe. 

Rate and timing of insectici.de applications are important, and will
 
vary with type (f insecticide 
being applied, insects to be controlled, and 
the environment (Rejesus and Banasiiian:, 1978). Studies in soybeans show

that a moderatel.evel of i nsect defoliation does not reduce seed yield

(Ilinson 
 and ILartwig, 1977). The recommendation for soybeans is to delay

application ,I t n insecticide un:i] 
 doftoli, ation a pproachos 35. Frequently,
natura[l contrl agents will tWnen have reduced t:he insect ests so that
insecticide use can e reduced or P]imiIlted. linson and Ilartwiq (1977)

suggest that alipp 
 1ation rates givjnq Hot kin] of Foilagoe fedinq insects 
on soybean wil h. as eftect'ive iv r nc ing crop iljury as rt'le,; Qiving

100n kill. Ail the -similfrliLy of fliarlp tee-inq'' poests iinsoybean, and
 
mlulngbernn, themeI'
;1 r
 s ippfy to munghoan as well a; soybeans.
The lower rateof ,ld ticatiJl woul rudl- ce insecticido costs and cause less
 
deteorioardtiioi of On nvi-.,nonl.
l Thn t im, of insecticide a"ry] P ations

should be determined from specific 1i0imation 
an kinds and numbeor of insects 
prelent rath Man st of plant o ,th, o1 It ,rutldu.trm~ied ntWervals,
is tten dun, 

as 
(RJes;us and zdnasih.n, 1'78) Excessive ,iliucrtion of

insecticidus my injure ow d q0~ th: si I rhizobia and -I\,dvoseiyaffect 
nodulation. Cluemic.sI ]ion. sh(ld not be 10 .1 ed ulon fIor complete pest
control, hit 'Thould be .it of a total pest control proram involving
cultural ,ract-i s, potecLkion ot nat: o] p1redators, and use of resistant
 
varieties, i I Ley arie avai 1,1)1o.
 

A partial ist of itnecticidest ind seed storaqe tfimigants .is given in

Table 12. Some insec-ticides arc sold 
under more than one trade name, and
 
trade names il so;me countries may di r:: frm t:hose given here. All

insecticides sholdllbe used strictly 
in accordance witlh the labeling. The
 
label 
should by checked for cr op I:o whi cl tiMe insecticide may be saFely
applied, insect pet to I caitrol l10d, and rate of a[pli .cdt:ion. lLocal.
reguJatioLIs all the u2 oA chlemical 11uld be tWricty adlered to, forthe hoI 

the sa Vty n! 1.110 ,Ir!Ji , tOr ( taie , of
11 ccniu;un: tile p ocuct.. For examl]e ,Talekar, Lee, and] Sun (]077) have shr..'i that soil and fEoi ar aplications of
 
14C labeled cr"oluran ndd 
 phruate w, readi ly al)sorbendand tanscated to 
p.lant tii;Sslu e.t: an-de9 sd n lllnlblanl. So.il dp 1 (Clti'1112 '"I ranil ar
 
fQnu].l oth in i a
Ill In ni,ahue t 11,1 .1lM111011i 1)'di| seeqod ,-:ceotdinq .toxic 
to.lerance ] oot;,; a l]ic'Ir- awl(1 ,i't1..f1 )ton rsidus wele below tolerance 
levels (RAjrk.,M et."KKr., 1MD77). Tll:eso e .:, er1im,.21-s emhliasize the need 
for careful [1)n1t otri o.f c~llmic,al a} ,pliwo I ap c.itOll cOuureR forCai adl l pr"r 
safe 1use of an i nsect icir. 

In the U.S.A., clearane by the Environmental Protect.ion Agency (E.P.A.)
is required before an insecticide call be labeled for use on a particular crop.
None of the insecticides listed in Table 12 have E.P.A. clearance for use on 
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Partial List of Systemic and Contact Insecticides and Fumigants.a
Table 12. 


Common Name 


Aldicarb 


Carbaryl 

Carbofuran 

Chlorpyrifos 

Demeton 
Diazinon 

Dimethoate 

Disulfoton 

Endosulfan 

Malathion 
ethoxychlor 

Nonocrotophos 
Nicotine sulfate 
Oxydemeton-methy! 
Phorate 

Stirofos 
Terbufos 
Aluminum phosphide 
Ca. ntetrachloride 
Methyl bromide 

Trade Nameb 


Temik 


Sevin 
Suradan 

Dursban, Lorsbar 

Systox 

Cygon, Rogor 

Di-Syston 

Thiodan 


Azodrin 

Meta-Systox R 
Thimet 

Gardona, Rabon 

Counter 

Phostoxin 

Nature of Compound Toxicity 
to Humans 

Systemic carbamate insecticide, 
acaricide and nematacide Very high 

Carbamate insecticide Moderate 
Systemic insecticide and nematicide Very high 
Organic -hos-hate insecticide Moderate 
Systemic oroanic rosphate Very high 
Organic uhcsrhate insecticide Moderate 
Systemic or-aunic rnosph~ate Moderate 
Organic rhchoce insecticide and acaricide Very high 
Chlorinated hydrocarbon insecticide High 
r i phosphate insecticide Low 
Chlorinated hydrocarbon insecticide Very low 
Organic u-hosihate insecticide and acaricide Very high 
Contact insecticiae High 
Systemic :Ihosohate insecticide arid acaricide High 
Systemic orcganic insecticide and acaricide Very high 
Organic phosohate insecticide Low 
Organic phosphate, soil insecticide Very high 
Fumigant for food grains Very high 
Fumigant for fcod c'rains Low 
Fumigant for food crais High 

nviro. tal protection and safety requires tIat all pesticides be used strictly in accordance with 
the labelinq. afore using a pesticide the applicator should check the label for crop to which it may be 
applied, name cf insect )est to be controlled, and dosac'e rate to be applied for a particular pest; and 
governmental req itions should be checked regarding use of the chemical on a particular crop and insect 
pest since they may vary in Lountries or provinces. None of the above chemicals have been registered by 
the Environmental Protection Agency for us on mungbean in the U.S.A. 



Table 12. (continued)
 

bTrade names are 
used in this publication to provide specific information.
does Mention of a trade name'
not constit-ute a warranty of the product by the University of Puerto Rico, the U.S. Agency for
International Development, or the authors, or an 
endorsement over other products not mentioned. 
Pest
control chemicals may be marketed under different trade names in different countries.
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m'ingbean, although many have clearance for use on beans or soybeans. In 
part, the lack of clearance reflects the low market demand in the U.S.A. 
for insecticides to use on mungbean which has not justified the expense 
of testing insecticides to determine whether or not they will meet E.P.A. 
standards. 

(d) Host: Resistance. Varietal resistance to insects in mungbean has 
been studied at AVRDC. Screening tests have identif:ied varietal resistance 
for the beanfly (AVRDC, 1974, 1.975, 1978A, 1979), the cowpea aphid (AVRDC, 
1979) , and the CctHcOcO u'cus.5 seed weevils (AVPDC', 1979) . Li tslnqer, 
Quirino Ot . (1978) ,;uqgest that priority in hreedngj !'or resistance be 
given to the flea bUetle, leaf- hopper, and beanFly because they are difficult 
to control by chemical!;. Much additional research will be needed before 
resistant varieties make a significant contribution to reducing insect 
injury in munbean. 



XII QUALITY AND UTILIZATION
 

In many densely populated areas of the world, the food proteins consumed
by man are largely of vegetable origin (Table 13). 
 Cereal grains, due to the
large amount consumed as human food, provide the major source of vegetableproteins. The legumesgrain provide the next most important source. Thedaily protein intake supplied Y the tJra n legumCs varie.s from 2% in NorthernEurope and 3% in Canada, to 26 in India (U.S.A.I.D., 1971; Jeswani, 1975).The uniqueness of the grain lEgumes as food is their high content of proteinwhich nutritionally balances the protein from the cereal grains. 

Table 13. Protein Consumption in Various World Regions. a
 

Region 
 Average '"otal 
 Total Protein Supplied by

Protein Consumed Cereal 
 Grain Animal Other
 

per Person per Day Grains 
 Legumes Products Sources
 

g % % 

Developed Regions
 

North Europe 
 88 
 29 2 59 10
Canada 
 96 33 
 3 67 7
 

Less Developed Regions
 

Central America and
 
Caribbean 
 54 
 45 13 31 
 11
South America 
 57 
 40 10 
 36 14
India 
 56 57 26 
 13 4
Other South Asia 
 55 
 64 11 
 20 5
 

aAdapted from: U;.ited States Agency for International Development,
1971. Food Grain Legumes 
as a Major Means of Combating Malnutrition in 
LDC's. Technical Series Bulletin No. 5. 

Nutritional Va]ue of Mungbean 

The nutritional constituents in dry seeds and sprouts of mungbean arecompared with several grain legumes in Table 14. In most respects, thenutritional constituents of aremunqbean comparable to those of dry beans,chickpea, and cowpea, but differ from those of soybean in protein, fat,
carbohydrates, and some o the mineral elements. 
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Table 14. Nutritional Constituents in 100 Grams of Several Grain Legumes
 

Food
 

Pulse Water Energy, Protein Fat Carbohydrates Calcium Phosphorus Iron Sodium Potassium
 

Calories
 

g mg mg mg mg ma
 g 	 g g 


Dry Seeds
 

Mungbean 10.7 340 24.2 1.3 60.2 118 	 340 7.7 5.9 1027
 

425 7.8 18.9 1195
Beans, white 10.9 339 22.3 1.6 61.2 144 


Chickpea 10.7 360 20.5 4.8 60.9 150 331 6.9 26.0 796
 

Cowpea 10.5 343 22.8 1.5 61.7 74 426 5.8 35.0 1023
 
554 8.4 5.1 1676
Soybean 10.0 403 34.1 17.7 33.5 226 


Sprouts
 

Mungbean 88.8 35 3.8 0.2 6.6 19 64 1.3 5.1 223
 
67 1.0 - -
Soybean 86.3 46 6.2 1.4 5.3 48 


aAdapted from: 
 C. F. Adams. 1975. Nutritive Value of American Foods.
 

United States Department of Agriculture, Agriculture Handbook 456.
 



Table 14- (continued) 

Pulse 
Vitamin A Value,
International 

Units 
Thiamin Riboflavin Niacin Ascorbic 

Acid 

mg mg mg mg 

Mungbean 
Beans, white 
Chickpea 
Cowpea 
Soybean 

79 

51 
31 
79 

0.38 
0.65 
0.31 
1.05 
1.10 

0.21 
0.22 
0.15 
0.21 
0.31 

2.60 
2.40 
2.00 
2.20 
2.20 

Mungbean 
Soybean 

20 
79 

0.13 
0.23 

0.13 
0.20 

0.79 
0.79 

18.9 
13.0 



(c) Protein Content. The protein content of mungbean averages around 

24%, roughly double the protein content or many cereal grains; similar to 
the protein ccutent of dry bean, chickpea, and coWpea; and about two-thirds 
of the protein content of soybean. In sp routed seeds, the protein:carbohydrate 
ratio increaser: as the s}proutinl advances (Rochanla, naca, 1934). 

(b) Amino Acid Bala nce . The amino acid content ol mur gbeon and other 
pulses ha.; beenl rV;.orced bv Ni.yogi, Narayan, , and Des,ti (1932) Vijayaraghavan 

and Srinivssan (1953) , inmiael. jnd Evans (1963); V Ibit Rao et ia'. (1964), 
Sevilla-Eus IiLt, (;on' et al . (.I'CP) , ;orn l, (.. ,i . (.1.'_72) , kyl n and McCready 
(1975) , an(d otlwir;. Tie ;teci fic content W' t-i-n diI ic rent amino acidus in 

the prote n of a pitrticular species w~il vary with the v iriety and the 
environment ini which it i-, grown,, and the content reported may fary with 
the method o-f amino acid ana] vs is. An average content for selected unino 
acids in several pulse and cereal grai.ns is given in Table 15. 

The nutritive value of mtngbean protein is affected by the total protein 
content and the balance among4 tIme oUtitionlally essential amino acids. In 
animal proteins, the ariiud nlo Aodsc are coner ri].ly present in proportions to 
satisfy huitan nutritie A] needs. In vegetable ,rote ins , one or wore amino 

acids is def icient so that the protein is not balanced as required for the 
human diet. '[I'h, tmoi.no acic; importIn in uman imnutrition which may be 
imbalanced in wgeutl be , -oteims are lysine, methiioninc, cystine, threonine, 
arid tryptophaii. A leneral t--ulo is that the amirino acid s be su plied in the 
diet .n a ratio o1. -i j)zarts lysince:2 parts methionine:2 parts threonine:l 
part tryptophan. When an amino acid is so low in the total diet that the 
ratio is affected, i U becomes the limiti ng flactor in the nut rit i-ve value of 
the protein. 

Mungbean and other pulse crops are relative .y rich in lysine due both 
to high protein coilto.,nt in the seed and high content of lysine in the protein. 
Litzenberge r (1973) r:(:ports that one gram of irngboani containinq 19.3 mg 
lysinc, compared to ".'74 mig in one qgram of' whea ano 2.99 ig in one gram of 
brown rice. Convers , by, methioiinie and related sbl f u -bearing ,Unino acids 
are higher in cc..e gram wheat conlitains 5.28 mccomined(Irains. One of mg 
methion ie a1ni cysI;t me com! ,reo t:o 2.94 m ill one qrn'tl Of mrItgbeali. When 

cereal grins And miun(jbe an re mixYed in the diet, a be tter ml o acid 
balance 3 o:;.sibe thin wI10 ,i Amer is c Cn a ollne. A 70:30 ratio of 

rice pro-tein It--o mlliiibc an p rotein is suwjrjestod as be i ng optimll l for humalln 

diets (Flloreli _lio, 1971). 

C) D:i coste hi1i ty, Bil ;)ijca]l Valtie, ad Nutri. tni. nd i Value of Mungbean 

P rotei.n. Pi.ote.cin mis iity may l)r eva1],mated with efelronfce to it-s digcestibility 

and bi-ological IlmInc;Pea riire -( li1, moreVs un. a Widely , llded 1i01 easily 
digest,:d thaim ote. 1)1il e F';., th it reaso, it i.s I f)use for(or faicoritto 

elderly peopl . 'liC cl chi]Ilii. ThIii' be li I i; borne o.tlL 1', (complnrisons of 

sever, joil-sc lii ch show di; ,i ti ity vales la fol lov:; intiigbesi:, 63%; 

bl,-ack r,ilm, )i.ei e,oron 7]I ml!., Another, 12;l peua, (1,iyoqiq 1932). 

meIsnre ,)I fro)tc I I nI l. ty i I i lo ;i.ctI- vl,]ue, whi ii i. tI 1 ( .e]at ion of 
i rote.in ret en Uon :( )rotein absorptioi. Comparative ve.ties For several 
rin i o.; ire a foilows: munubean, 64%: blackciram. 60%; chickpea, 78'%; and 



Table 15. Content of Several Amino Acids in Pulse and Cereal Grains.
 

Nutritive Value
 
in Relation to
 

Egg Protein
 

32
 

47
 

53
 

57
 

62
 

76
 

65
 

Crop 


b
 
Mungbean: 


Bean: 


Chickpea: 


b 
Cowpea: 


Scybean: 


Blackgramc 


Rice 

d 

Wheat 


Average 

Range 


Average 

Range 


Average 

Range 


Average 

Range 


Average 

Range 


Average 


Average 


Lysine 


mg 


504 

419-678 


450 

306-557 


428 

406-463 


427 

394-479 


399 

313-477 


375 


200 


219 


Mg per g of nitrogen. 


Methionine 


mg 


33 

24- 38 


66 

28-131 


65 

34-106 


76 

50-119 


79 

53-114 


63 


100 


131 


Cystine Threonine Tryptophan 


mg mg mg
 

Pulse Grains
 

44 209 50 

19- 65 186-225 35-102
 

53 248 63 

21-108 192-356 32-101
 

74 235 54 

z3- 94 219-263 25- 94
 

68 225 68 

48-106 178-300 66- 70
 

83 241 80 

51-114 200-285 75- 88
 

209 63"
 

Cereal Grains
 

169 


156 


CVenkat Rao et al. (1964).
 

dBandemer and Evans 
(196:
 
bUSAID (1971), Tech. Bull. No. 5. 
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cowpea, 72% (Niyogi et al., 1932). The-e ,.ata show the mungbean protein to 

be inferior to that of other pulses, except blackqram, in biological value. 

Comparisons at AVRDC show soybean protein to be slihtly higher in 
digestibility than mungboan protein, and the two prot(ins to be similar 

in biolog ica7l value (Tsou and Hs"i , 1978). The nutttiLiona] value of mungbean 

protein is inferior t-o protein of other riulnes and the cereal grains, rice 
and wheat, in compl[,a risons wit h egg protein (Tabl.. 14). The nutritional 

value of eqg protein as the standard is 100%. The low nutritional value of 
mungbean protein in co marson with eigg protein results from deficiencies 

in the sulfur-bearino amino acids, wethion.ne and cysti.ne. 

(d)vi ta minn. Munqboan seed is a source o: vit:amin A, thiamin, 
riboflavin, niacin, and some other water solble vi tans (Table 13) 
With sprouting, there is an increase .,n.content of riboflavin, pyridoxine, 
niacin, rant:othenic acid, and hiotin (Burkholder and McVeigh, 1945). 

Ascorbic acid is synthes ized in the sprouting process and sprouts provide 
a good source of this vitamin (Bhagvat and Rao, 1942; Kylen and McCready, 
1975).
 

(e) Minera]s. Mungbean seeds are a rich source of phosphorus, potassium, 
and iron, but are relatively low in calcium. The content of these mineral 
elements in mougbean is similar to t:hat in bean, cowpea, and chickpea, but 
lower than in soybean (Table 13). 

( kJTryp:in inhibi tr. The nut-1itive value of legume proteins is 

generalIly advlr:].>y a ffc!,d by the presence of toxic substances such as 
trypsi a inhibitor, hmago]int.i.s , or other qrowth inhibitors (Patwardhan, 

1962; Lltener, 196Z ; Venkat Rao U AI.., 19Id). The sc ,..ubI ic. uxurt a deleterious 

effect .o qoronth inhibitingu the di-est ib.i ]ity or ati l.at:ion of pArticular 
amino acids ina1 dini, met>lj 'ni no. The adverse nutritionl], or toxic efIfect 

can be elimnnitt d by appropr ia te ethods (ofheating 0 coking. A trypsin 

inhibit or hiis Leen itolat(.d from mungbean soeds (Hioravar and Soionie, 1959), 

and diquc.:ti bI i o f manigbean is improved by hii no (iPatwardhan, L962; 
Sevi 1. Ia-Es abj', il ., al., gln n ,u are to beT., 1.968) . huK iLi ,a uu reported 

low in to:i< , Iin 1i Pi1eal :subta:-niwt.i.; inl -1mp r "n with other pulse grains
 

(Enge-l, 1 7). Thills apr',iJiCis to he bo()rne: ea t by ri'021io(ch res ul.ts cited by 
Venkat Rao qt A,. (1964,) , in which the weekl' ,].(inI in hody'., w hiht of rats fed 
autoclavecl qtin of munqbe and b I ackgram exceuded the gain of rats fed 
raw grain by 5A and 4%, respectively. In comparison, feeding autoclaved 

grain U (,i;ei anO ,hickpea increased gains by 1 0% and 65%, respectively 
over feed enq r ,<. (pAlilS. 

_()Ia) e iFactors.
10u0n A characteristics of lequme seeds consumed as
 

food is thei r .ro,71ct i on of ]aLu lence . The oligosaccharides, raffinosc 
and stclachyose, h ve been impl1. ica tzedI as t at us producers. Mungbean isa widel.y 
regarded to he low in production of fl.]ta lnce in comparison wi othe.: 

pulse crop s, or wiLii soybeans. Thi.s is confirmed by reports wiich show a 
ranera in s-ticih"''oys; content in munebean Iof i.0l to ].96 q/100 q o f seeds 
and .. i ;ybe an , P.70 toI. HO (/1]00 p seeds;; and raftinue:;o c tent ill 
mungbe an of-0.44 to C.5) q/(l g seeds, and in soybean I.25 to 1.30 /1.00 g 

seeds (Tanusi, Kasai, and Kawamura, 1972; Tanaka et al., 1975; and Hlymowitz, 

Collins, and Poehiman, 1975). Sprouts retain most of the flatulence factors 

http:cysti.ne
http:wethion.ne
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of dry seeds (Calloway, Hickey, and Murphy, 1971). However, the dry weight
 
of sprouts consumed is usually smaller than for seeds 
so that the flatus
 
factors are ingested in relatively small amounts.
 

Utilization for ?ood 

Mungbeans are utilized for food in many ways. Seeds may be eaten green
with pods, cooked and used in soups, made into porridge, boiled and eaten 
with rice or other cereals, or sprouted. Starch from mungbean is used in 
making noodles. Mungbean flour is used to fortify wheat flour, or to produce 
high protein supplemnts for feeding children. Many indiqenous dishes are 
prepared from mungbean. 

(a) Milling. The larqest producer of munghean is India. In India, 
most of the munqbean is dennske'i aid spli/.t to preduce a product locally 
known as da' C. The ,lah!' i.; cooke'd u.tinwater and eaten w i. trice, or prepared 
in other ways. To produce t he dehus.ked splits, or EC, the munbgean may be 
millad by se.ve'ral p rocedunres (urin, D' sikauhar, and Par ia, 1974; Araul.].o, 
197 ; Wrnshaw oft al., 1974 ; !hit, .tI N : tions Uliversity, 1979) In the 
traditional vilima millingi no, , We raw seeds rae dried in the sun to 
loosen the husk. To assis: i K)el Le iMik, Liie seeds my, be treated 
w.ith oil, or , tee,;ei -or several }hou-,s in water, 'Iior to drying. The husk 
is removed from the seed by poundinq or grinding, after which the grain is 
willnOWed to seti Lithe huskl'.s from the (0) tyledons. 

In commercial ,piations, the qrain is duhusked by a rol.er mill, or 
an abrasion -type hulli n m Dachine., after the ,grai n has been conditioned in a 
con trolled t.nt. ral ur' mid moiture anvironmnt. The seeds may be split 
simultaneouslv wit t-he u, iin, arocess, after being dehisked,c using
specially desiqd ,iipmwnm. R,.mov'al t the hull decreases the Fiber from 
5% to 0.75% and i ncreavs ontein from about 24% to 261 (Payumo, .978). 

The nun .jbea ill con. t iLte:; about 11.5 of tie1 whole grein leaving a 
theoretical millinin yield of d99, but ivt the traditional milling 
procedures, milling Anisne is eavy and mil1ing yields of (21. to 65% are 
comuon. Wit-hi improved proces;.ing procedures , .l sses are reduceb and milling
yield can be .ic7easedi to 8T (, ien et al .. 9 7d). Munghean flour is 
produced irom ,uhueskod whole or '-plii :(eeds. 

bJ)P.-'±k inq . OWN "ain:s p.lits mungbean areil or of (dat) generally
boi led a FtLt .<akingj in water for varying periols of time. In general, 
pulses require ,a .onq ccokng time, from 30 to 40 minutes. The long cooking 
time is whr, 1 scarce and For n antobject ion',able fu_. is expensive. 
feeding, the hoan must he maisnd and sieved to renovO the seed c:iat iln 
addition. .lunqfian is r nth1 2 tu ri.,luire a shorter cooluki ii period than 
other 
seeds 

pulses. T1 
ol sveeni 

ucl 1mg tirme required to 'htil 
':1ritis .of munqbeatis at AVRDC 

tslitting 
,vorged 

"fg50% of 
Aittmini-es. 

the 

Colq!atirr:;in.; with )t li " i eLc;ts W%,(*( not made. Prior :P ,akin it water 
incieased the c oak.ing t iIe el;]]:thtty. 1B1.lancing in boi I.it wa tar for 4 
minutes, with an 8-hIoUn soakinii pe riod in salt water, reduced the cooking 
time to about 6 minutes (AVRDC, 1980). Many local Philippine recipes for 



94
 

preparation of mungbeans as food are given in the bulletin "The Philippines
 
Recommends for Mungo, 1977" (PCARR, 1977).
 

(C) Starch. Mungbean starch noodle, a traditional Chinese food, is
 
made from mungbean starch. It is tasteless, translucent, easily cooked, 
easily kept, and possesses a special texture. In comparisons of mungbean 
starch noodle with pCa and swcct potato scarcn nood]es, munygbean starch 
noodle was found to be excellent in texture by organolept ic test, to have
 
much less cooking loss of solids, and to have a stronjer structure as
 
observed by scanning electron microscopy. Thin was thought due to the
 
characteristic properties of mungbean starch, namel1y, itable paste viscosity
 
at high temperatures, an d amylose content (ca. 10) which is optimum for 
production of a high quality starch noodle (L-i, Chu-n, and Wang, 1979). 
Mungbean starch is isolated commercially by a lactLte fermentation, the 
so-called "wet process." This process results in hiqh nutrient loss,
 
especially protein, and disposal of the steeping liquor causes pollution
 
problems (Wang, 1978; Chen, Wang, and Tsou, 1980). Studios are being made
 
to improve the process.
 

(d) Sutplemental Protein. Mungbean flour and protein isolates from 
mungbean are util:ized to fortify many types of food products. In the 
Philippines, 80% of the preschool children are below the normal weight 
range, with nutritionally inadequate food during infancy and at weaning
 
time being cited as toe cause (Payumo, 1978). This has prompted the
 
development of high protein food supplements from mungbean and other
 
vegetable protein flours for 'se as weaning foods and for school feeding
 
programs.
 

Several weaninq foods have been formulated in the Philippines utilizing 
mungbean flour (Payumo, 1978). A mixture, called MCM, is made from mungbean 
and coconut flouy and skim milk powder. Another, MRCF, is made from mungbean, 
rice and coconut flour, and fish protein concentrate. Both foods have a 
protein content around 24%, and contain 364 and 383 calories, respectively, 
per 100 g of food. A product, called Nutripac, is made from mungbean grits, 
rice, skim milk powder, and oil. Dried flakus are made utilizing mungbean 
flour with various combinations of rice flour protein isolate, fish protein 
concentrate, or dried milk. Other products utilizing mungbean flour include 
snack foods, cook iesw, coco noodles, and mungbean soup (Payumo, 1978; Pa 1 umo 
et al., 1969; Payumo and Castillo, 1979). A bread, panU de Sctf, is made by 
fortifying wheat flour with mungbuan flour (Legaspi, Payumo, and Gopez, 1976). 
Protein isolates from mugboan, with a protein content of around 80%, may be 
used to fortify Food products and increase their protein content (Gonzalez 
et al., 1964; Bhumiratana, 1978; Coffman and Garcia, 1978). 

(e) Sprouting. Sprouted legume seeds have been used for centuries as a
 
fresh vegetable in oriental cooking. In recent years they have become
 
increasingly popular in the United States and Europe. Mungbean and blackgram
 
are the principle legumes used in sprouting, although soybean may be used also.
 

Procedures for sprouting mungbean in the home have been described by Wen
 
(1937), Beeskow (1943), Kuhn (1946), Bradsher and Upchurch (1980), and others.
 
A simple home procedure is as follows: Soak the seeds overnight, or until
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testa has burst.
the Place the swollen seeds in 
a canning kettle with a
bottom rack and add water up to 
che level of the rack. Cover the rack with
paper toweling, then alternate about three levels of seed and wet papertoweling. Store in a dark place at a temperature around 20 to 22 0 C.
Sprinkle the towels sufficiently to keep 
 them moist at all times. Thesprouts should be ready to use in 5 to 7 days. Wash to remove the hulls.Procedures for coimercial sprouting of large batchcs has been described
 
by Kul (1946).
 

The nutrients in mu:igbean seeds and sprouts is reported by Adams(1975), Fordham, Wells, and Chun (1975), and Kylen and McCready (1975)(see Table 13). With spruLtinj, there is an increase in protein, thiamine,riboflavin, niacin, and ascorbic acid on a dry weight basis. 

In commercialI sp routing, A short, thick hypocotyl and short roots arepreferred to lonig, sp indly hypocotyls and long roots. When mungbean seedsare sprouted under st-Cress, ethylene is produced which regulates growthsuch a manner tht; sprouts with short roots and large 
in 

diameter hypocotylsare produced (Chan; , 197t). One method of applying stress is to applypressure to the sprouting mungbeans. Thi s can be done by placing a heavyweight on top of the munobeans while tihey are sp routing. Temperature isimportant, also. Stouter roots were produced at 20 0 C than at 25 0C,although roots were lonqer at the higher Lemjuy-,cL.u!., Another undesirablefactor is anthocyanin formation. Anthocyanin florimation in the sprouts
affected 
by the vaiety and is stimulated more at 25'C than 
is 

at 20 0 C. 

Blackgram is preferred to mungbean for sprouting in Japan. Sproutsfrom blackgram are reported to be whiter and stay fresh longer than sproutsfrom mungbeans. Small seeded soybeans are sprouted in mainland China. 

Animal Feed 

The forage remaining from mungbean after the pods have been picked haslong been used for animal feed in India, the Phi? ppi.nes, and other Asiancountries. Mungbean hay is comparable to hay from cowpea or soybean(Kingman and Dorylaia, 1917). Feeding trials in Oklahoma indicate thatmungbean hay had SO! to 85 of the feeding value of alfalfa hay for milkproduction but was not eaten by dairy cows as well as alfalfa hay due toits coarse stems (Ronning et aL., 1953). Palatability was improved by

ensiling, 

hay. 

with 2.85 kg munghean silage being equivalent to I kg of alfalfa 

Cracked beans or mungbean seed otherwise nuited for sprouting canbe ground and used satisfactorily to partially replace protein concentratesin rations for dairy cows (Ronning e t al., 1953), fattening lambs (briggsand Heler, 1945), fattening swine (Thompson and llielier, 1942), turkeypoults (Milb', 19,15), ipoul-ryand (Adan, 1935; Rodriq iez, 1936; Thayer andHeller, 1919; V,nk,atr man anid Jaya, 1976). Mungbean was high in palatabilitywhen compared wi th other ]enudmie seedI in poultry rations, alt hough not aspalatable as animal proteins. Metihionine must be supplied by otheringredients in the ration to overcome the deficiency in mungbean. 
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Utilization of mungbean seed in animal feed will usually be uneconomical
 

except where it makes use of beans unsuited for human food.
 

Soil Improvement
 

Mungbean may he grown as a green manure crop to be plowed under, or 

as a combined cash and soil improvement crop with the residues turned under 

after pods have been harvested. Due to its short growth season, a large 

amount of veqeta ion is accumulated in a short period of time. Varieties 

that produce a large amount of7 growth would be most suitable for soil 

building. inoculation to insure effective rhizobia] activity wil.1 enhance 

its value an a soil building crop. Mungbean p1lants growinq in Oklahoma 

contained 0.751 niLroen in the roots, I.M?87 in the stems, and 1.81% in 

the leaves (Ligon, 195). 

Breeding for Improved Quality
 

The unique feature of grain legumes from a nutritional standpoint is
 

the high protein content of the seeds. Due to the high protein content,
 

the grain legumes play a significant role in fortifying the protein content 

in the diets uf eoplo in many developing areas of the world. In breeding 

efforts t~o i marv;, y. ], 1 nuit .im onal qua.itv, the pulses have been 

largely el ,.d and Pornioiess haS been Meagtre in comp.arison .withthe 

extensive Fnorts anmd udvancomonts that have been made with the cereal 

grains. 'his nim r'1uted in a decline of tot-al pulsu product:ion as 

hectares form ely lited to pulses hiv been shifted to the new, high 

yielding cereals. In recognition W toiz neqlect, Me Protein Advisory 
Group of th Uni-e:d N,atiions System his v,comnended ,evl pment of a strategy 

for upcj radin, human nutrition through improvement of the food grain legumes. 

Ranus n p o,, cuntent FromeA to 3.14.0"Car different varieties of 

mungbean worn ra.m-,, hy Esh, D-,, upi mau(195n) . from 19.8 to 23.1% by 

Krober et l. (1970); from 19.1 to 2H.3' by YWe and P.,ehl.man (1972); and 

from 19.5 to M , for 1845 accessions at AVRM' (AV.DC, 1975). A major 

problem in ti iizatimon of thiis information is that prot.in content is 

affected g.u tly'y environmental Iat r suchin s.oil Fertility, soil. 

moisture, tio rat 'i-, .;nLL disease, maturity of pod, and otmr factors. 

These daLi are usual ly rported From one ml ysi: o, la"t Of sued qrown 

at a siml'] location. Uinle';ss a genetic strain is;consistently higher in 

protein over a wide taanm of envinronmments, one cannot be sure whether the 
differences arn qene tically cont:rol.led arti -acts of the environment. 

So far, sol tidov.idence o- th,., uppi o:ri n promn contnt of'.a 

parnticulr qc.ne strain doem not appeir to 1w avi labii , ,or if available,eic 


t e combi me(d the Pimp tr',iin. 

the pt eset. st.,tA"to oif breedi-nq in mtunieAn, roater roqres.; could be made 

by imrprovin yield per hectare, thus increa n;g total protein pioduction 

per hectare, tUan by eMar-onts to impjrove thn lentic p)otential for higher 

protein cntent. 

that hifti! IOt' it uld 1:i. h yield can in in With 
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The situation is similar for attempts to improve aminothe acidbalance. Mungbean is rich in lysine and deficient in methionine.
Variation among genetic strains .in methionine, and other amino acids,have been repo rted by Yoho and Poehlman (1972), Son., Na rang, and Singh(1975), Shobhana nt al. (1976) , and othrs-. Blackqranm is reported uo havea iigher methionine content thnm mu Jani (S;hobihiar et al., 1976; Tsou etal., 1979). M thiojne . qi'sgenerally i-lnmtd as in 
Thus 

my" one of nitrogen.
enviironmetal fact ,fct-.ingf [protein colnt: will also ,Mafctmethionine content. There in .insufficient data to .show L-at a particularstrai.n of muni(boan i: n.istentlycns 1hiqh in met:hinine ovor a wide ra.nqe ofenvirornents. } nq ci'mnefort increoase metIinicna no doesf to not apnear tobe justified wit the present st te of mun'jbean hreding.M unIbean is noteaten as the sole Io consiturient in a diet. It iu generally eatena supplement to cereal as

products, which are comparatively rich in methionine.Increased total protein production through higher yields would increase 
total !methio0ine production.
 

Short cooking 
 time and larqe expansion in volume with cooking aredesiroble cooking characteristics in mtngbean. Short cooking time isimportant as, it would rusuIt in savings in fuel costs. DiFferences incooking time amd vol iume expansion with cooking of 60 varieties of mungbeanwere studicd, ! il:;liiu aL a .. (]1974). Cooking time vared from 29 to55 minutes and volum, incr ase.s of 100 to 312%, were reported amonq the 60varieties. in general, smal IIY(eds had a h igher spec1fi c gravity and gavemax imurm percontaqo increase in volume v ith cookinq. 

Mungbean protein was shown to hav iLqhe, digestibility than blackgramprotein at AVRDC), but was lower in methionine content (Tsou et al., 1979).Combining these characteristics through interspecific hybridization of the 
two species is being attempted. 



REFERENCES CITED
 

1978. Mungbean in
A. R. B. HARON, and Z. B. A. AZIZ.
ABUBAKAR, A. K. B., 

pp. 15-17.
 

West 	Malaysia. Proc. ist Internat. Mungbean Symp., Los Banos. 


ACLAND, J. D. 1971. East African crops. Longman Group, Inc., London.
 

p. 117.
 

common units.
 
ADAMS, C. F. 1975. Nutritive value of American foods in 


United States Dept. Agric., Agric. Handbook No. 456.
 

VI. 	 Studies
1935. Protein supplements in poultry rations.
ADAN, C. N. 

Philippine Agric.
on the influence of mungo in rations for chicks. 


24:562-571.
 

N. K. BEHL, and M. K. MOOLANI. 1976. Response of summer
 
AGARWAL, S. K., 


mung to levels of phosphorus and irrigation under different 
dates of
 

India J. Agron. 21:290-291.
planting. 


1972. Fixation and excretion of
and A. A. A. FAYEMI.
AGBOOLA, A. A., 

Agron. J. 64:409-412.
nitrogen by tropical legumes. 


Effects of photoperiod and
and J. M. POEHLMAN. 1977.
AGGARWAL, V. D., 

temperature on flowering in mungbean (Vigna AaLata (L.) Wilczek).
 

Euphytica 26:207-219.
 

AHMAD, M. 1975. Important insect pests of summer legumes in the Punjab.
 

Ind. Res. 18:230.
Pakistan J. Fci. 

Studies on a whitefly-transmitted yellow
and R. F. HARWOOD. 1973.
AHMAD, M., 

Plant Dis. Reporter 57:800-802.
mosaic of urJ bean (Pftw5eohoL ?ungo). 

and R. W. HARTMANN. 1978A. Interspecific hybridization between
 AHN, 	C. S., 

mungbean (Vicna da-ta (L.) Wilczek) and adzuki bean (V. angLCa
 

J. Amer. Soc. Hort. Sci. 103:3-6.
(Willd.) Ohwi and Ohashi). 


AHN, C. S., and R. W. HARTMANN. 1978B. Interspecific hybridization among
 

the qenus VLgna Savi. Proceed. 1st Internat. Mungbean

four species of 

Syrup., Los Banos. pp. 240-246.
 

Induced genetic variability in mungbean
and B. V. SINGH. 1977.
AHUJA, M. R., 

Indian J. Genet. P1. Breed.


through interspecific hybridization. 


37: 133-136.
 

Field Crops of India. The Bangalore Printing and
 AIYER, A. K. 1958. 


Publishing Co., Ltd. pp. 129-133.
 

98
 



99
 

characters of mung (Phtt0eotto awmwuZt ). Pakistan J. Sci. 
some growth 

Res. 25:255-261. 

ALI, A. M., V. K. BALAKRISHNAN, S. SANKARAN, A. V. RAJAN, and Y. B. MORACHAN. 
1974. Chemical weed control in blackgram (Phca5o&u6 111)lIOg Roxb.). 

ALI, A., and K. ALAM. 1973. 
 Effect of soil moisture stress on 


Madras Agri. J. 61:785-786.
 

ALLARD, 11. A., and W. J. ZAIJMEYER. 1944. Responses of beans (Phaseofvo ) and 
other legumes to length of day. U.S. Dept. Acgric. Tech. Bull. 867. 

AMIRSHAHI, M. C. 1978. Mungbean breeding, andproduction, utilization in
Iran. Proceed. ist Internat. Mungbean Symp., Los Banos. pp. 233-235. 

ANDREW, C. S. 1977. 
 Nutritional restrains on legume-symbiosis. pp. 253­
274. I J. M. Vincent, A. S. Whitney, and J. Bose (Editors).
Exploiting the Legume - Rhi-czobtm Symbiosis in Tropical Agriculture.
Univ. Hawaii, Colle~ge Trop. Agric. Misc. Publ. 145. 

ARAULLO, E. V. 1974. Processing and utilization of cowpear, chickpea, pigeon 
pea, and mungbean. pp. 131-141. IN Interaction of Agriculture with

Food Science. Proceed. of an Interdisciplinary Symp., Singapore.
 

ARORA, S. K., and Y. P. LUTHRA. 1971A. Relationship between sulphur content
 
of leaf with methionine, cystine, and cysteine contents in the seeds of

Phascoeus aul'acaZ L. as affected by S, P, and N application. Plant and 
Soil 34:91-96.
 

ARORA, S. K., and Y. P. LUTHRA. 1971B. Nitrogen metabolism of leaves during
growth of PhauceofCu&i atz.eto L. as affected by S, P, and N application. 
Plant and Soil 34:283-291.
 

ARORA, S. K., and Y. P. LUTHRA. 1972. Improvement in the quality of
 
PhaseoCus (LLCtO Linn. by the application of sulphur, phosphorus, and 
nitrogen. 
 Indian J. Agric. Chem. 5:77-83.
 

AULAKH, M. S., and N. S. PASRICHA. 1977. Interaction effect of sulphur and 
phosphorus on growth and nutrient content of moong (Phoseoeuz ataWeLUw L.).
Plant and Soil 47:341-350. 

AVRDC. 1974. Annual Repor-t, 1972-73. Asian Vegetable Research and 
Development Center, Shanhua, Taiwan. pp. 10-22. 

AVRDC. 1975. Annual Report, 1974. 
 Asian Vegetable Research and Development 
Center, Shanhua, Taiwan. pp. 29-51. 

AVRDC. 
1977. Mungbean Report, 1975. Asian Vegetable Research and 
Development Center, Shanhua, Taiwan. 72 p.
 

AVRDC. 
 1978A. Mungbean Report., 1976. Asian Vegetable Research and 
Development Center, Shanhu , Taiwan. 72 p. 

AVRDC. 1978B. Progress Report, 1977. 
 Asian Vegetable Research and
 
Development Center, Shanhua, Taiwan. 
pp. 45-53.
 



100
 

AVRDC. 1978C. Vegetable weed control, herbicide evaluation tests.
 

Asian Vegetable Research and Development Center, Shanhua, Taiwan.
 

AVRDC 78-110. 46 p.
 

Progress Report, 1978. Asian Vegetable Research and DevelopmentAVRDC. 1979. 
Center, Shanhua, Taiwan, pp. 71-91. 

AVRDC. 1980. AVRDC Highlights, 1979. Asian Vegetable Research and 

Development Center, Shanhua, Taiwan. 

AYAD, G., and N. M. ANISHETTY. 1980. Directory of germplasm collections. 

Internat. Board Pl. Genet. Reqources Publ. AGP:IBPGR/I. Food Legumes. 
80/45.
 

AYANABA, A. 1977. Toward better use of inoculants in the humid tropics. 

pp. 181-187. I A. Ayanaba and P. J. Dart (Editors). Biological 
John Wiley andNitrogen Fixation in Farming Systems of the Tropics. 

Sons, New York.
 

BACKER, C. A., and R. C. BAKIIUIZEN van den BRINK, Jr. 1963. Flora of Java. 

Vol. I. N. V. P. Noordhoff, Groninclen, The Netherlands. 

BAJET, N. B., and M. B. CASTILLO. 1974. Effects of Rotyt.enchtWul )LQH fO6Uthi6 

inoculations on munqbean, soybean, and peanut. Philippine Phytopath. 

10:50-55.
 

BALBOA, F. C. 1972. Comparative resistance of five varieties of mungo, 

to the attacks of the bean fly, AgrowOyzaPhatleofus CCuILu Ronh. 


Phaco' CmC; . Arala) t, Res. J. 19:66-79.
 

BALLON, F. B., 1,. M. LEGASPI, and E. M. CATIPON. 1978. Mungbean varietal 
(Philippines).improvement program oF the Bureau of Plant Industry 


Proc. 1st Internat. Munqbean Symp., Los Banos. pp. 217-219.
 

1963. The amino composition of some seeds.BANDEMER, S. L., and R. J. EVANS. 

Agric. Food Clhoe. 11:134-137. 

A c.l:ssi fication of certain characteristics of mungbeanBANKS, D. J. 1958. 

improvement. M.S. Thesis (Unpublished), Okla.
strains as an aid to 


State Univ. Agric. and Apip. Sci., Stillwater, Oklahoma.
 

BASIIANDI, M. M., and J. M. POEIILMAN. 1974. Photoperiod response in 

mungbeans ([L'ga ,ao ata (L.) Wilczok). Euphytica 23:691-697. 

BEECH, D. F., and 1. M. WOOD. 1978. Evaluation of mungbean under irrigation 
Banosn;i n Northe:rn Australia. Proc. 1st Internat. Mungbean Symp., Los 

pp. 107-111. 

BEESKOW, I1. C. 1943. Bean sproutr. Their preparation and properties.
 

Mich. State Coll. Tech. Bull. 184. 31 p.
 



101
 

BENIGO, D. R. A., 
and A. C. DOLORES. 1977. 
 Viral diseases in the
 
Philippines. Proc. 1st Internat. Mungbean Symp., 
Los Banos.
 
pp. 173-175.
 

BHAGVAT, K., 
and K. K. P. N. RAO. 1942. Vitamin C in germinating grains.
 
Indian J. Med. Res. 30:493-504.
 

BHARGAVA, P. D., 
J. N. JOHRI, S. K. SHARMA, and B. N. BHATT. 
 1966.
 
Morphological and genetic variability in green gram. India J.
 
Genet. PI. Breed. 26:370-373.
 

BHARGAVA, R. N. 1973. In 
Bihar, a new moong for relay cropping. Indian
 
Farning 23(6) :19-20.
 

BHATNAGAR, C. P., R. P. CHANDOLA, D. K. SAXENA, and S. SETHI. 
 1974.
 
Cytotaxonolnic studies on genus Phawfots. 
Indian J. Genet. Pl.
 
Breed. 34A:800-804.
 

BIIATNAGAR, P. S., 
P. K. SENGUPTA, B. 
SINGH, and R. N. GUPTA. 1964. New
 
shining mun, T.2. Indian Farming 14(9) :36.
 

BHATNAGAR, P. S., 
 and B. SINGH. 1964. Ieterosis in mungbean. 
 Indian J.
 
Genet. P1. Breed. 24:89-91.
 

BHATT, B. N., 
A. MISHRA, and R. P. CHIANDOLA. 1972. Studies 
in flower
 
shedding behaviour in green gram (Ph0aeof0uS aLVteas Roxb.) . Sci. and 
Cult. 38:250-251.
 

BHAUMIK, P. K., 
 and A. R. JIIA. 1976. 
 Estimation of physiological
 
relat:ionship throuqh path coefficient analysis in mungbean

(PhaS.ofms aot'uSt&w Roxb.) . India Agric. 20:1-10.
 

BHULLAR, G. S., 
and K. B. SINGH. 3973. G .65, 
a new summer moong for Punjab. 
India Fanrinq 23 (No. 4) :24, 39. 

BHUMIRATANA, A. 
 1978. Munqbean and its utilization in Thailand. 
Proc. 1st 
Internat. Munq bean Sym,., Los Banos. pp. 46-48.
 

BOLING, M., 
D. A. SANDER, and R. S. MATLOCK. 1961. Mungbean hybridization 
technique. Agron. J. 53:54-55. 

BOSE, R. D. 1932A. 
 Studies in Indian pulses. No. 4. Mung or green gram

(PhaseoLu,S Aadtat5 Linn.). indian J. Agric. Sci. 2:601-624.
 

BOSE, R. D. 1932h. Studi ; in indian pulses. No. 5. LU01 or blackgram
(PhmsrtSO MwtUo Li nn. var. Ro:m:burghii Prain). 
 Indian 3. Agric. Sci.
 
2:625-637. 

BOSE, R. D. 1939. Studies in Indian pul ses. IX. Contributions to the 
genet ics of mung (P%,SO CUW kadt Catu*. Linn. , Syn. Ph. 'atUC(1,6 Roxb.). 
Indian J. Agric. Sc. 9:575-594. 



102
 

BOSE, R. D., and R. G. JOGLEKAR. 1933. Studies in Indian pulses. No. 6.
 

The root systems of green and black grams. Indian J. Agric. Sci.
 

3:1045-1056.
 

BOTT, W., and R. W. KINGSTON. 1976. Mungbean - an important new grain
 

legume. Queensland Agric. J. 102:438-442.
 

BOULDIN, D. R., S. MUGIIOGIIO, D. J. LATHWELL, and T. W. SCOTT. 1979.
 

Nitrogen fixation by legumes in the tropics. Cornell Univ.,
 

Internat. Agric. Mimeo. 75. 40 p.
 

BRADSHER, M., and R. C. UPCHURCH. 1980. Seeds to sprouts. Univ. Missouri, 

Columbia, Home Economics Guide 1295. 

BRADY, N. C. 1974. The nature and properties of soils. Macmillan Pub. Co.
 

Inc., New York. 8th ed.
 

BRIGGS, H. M., and V. G. HELLER. 1945. Digestibility of green mungbean
 

seed by lambs. J. Animal Sci. 4:430-434.
 

BROCKWELL, J., and R. R. GAULT. 1973. Some observations on the symbiosis
 

between mungbean (Vi-nqa ,Ladiata (L.) Wilczek) and RhLzo Im strains. 
Plant Introd. Rev. (CSIRO) 9(3):30-40.
 

BROUK, B. 1975. Plants consumed by man. Academic Press, London, England.
 

BUISHAND, T. 1956. The crossing of beans (Pha.e .0eu spp.). Euphytica 
5:41-50. 

BURKHOLDER, P. R., and I. McVEIGH. 1945. Vitamin content of some mature
 

and germinated legume seeds. Plant Physiol. 20:301-306.
 

CAGUICLA, P. M. 1933. Selection of varieties and strains of mungo
 

(Ph at stwauL.tLs Roxb.) . Phil. Agric. 22:23-37. 

CALDWELL, B. E. 1969. Initial competition of root-nodule bacteria on
 

soybeans in a field environment. Agron. J. 61:813-815.
 

CALKINS, P. H. 1978. Economics of mungbean production and trade in Asia.
 

Proc. 1st Internat. Munqbean Symp., Los Banos. pp. 54-63.
 

CALLOWAY, D. H1., C. A. HICKEY, and E. L. MURPHY. 1971. Reduction of 

intestinal gas - forming properties of legumes by traditional and 

experimental food processing methods. J. Food Sci. 36:251-255.
 

Studies on mixed cropping sunflower
CAMPOS, F. F., and A. C. MACASO. 1976. 

with mung. pp. 259-268. Au S. Ahmed (Editor). Proceed. st Review 

Meeting, I.N.P.U.T.S. Project. Honolulu, Hawaii. 

CASTILLO, M. B. 1971. Reniform nematode, Rotye VLchut sp., in mungo, 

soybean and peanut soils at the UPCA Central Experiment Station. 

Philippine Pytopath. 7:61-63. 



103
 

CASTILLO, M. B. 1975. Plant parasitic nematodes associated with mungjbean,
 
soybean, and peanut in the Philippines. Philippine Agric. 59:91-99.
 

CASTILLO, M. B., M. S. ALEJAR, and J. A. LITSINGER. 1976. Nematodes in
 
cropping patterns. ITI. Composition and populations of plant parasitic,
nematodes in selected croppinq patterns in Batanfas. Philippine Agric. 

60: 285-292. 

CASTILLO, M. B., M. S. ALEJAR, and J. A. LITSINGER. 1977. Pathologic
reactions and yield loss oT mungbean to known populations of Roty.Jenc't.L6A 

re[ormiL and MCCo.do~bogyue acrtia. Philippine Agric. 61:12-24. 

CASTILLO, M. B., M. B. ARCEO, and J. A. LITSINGER. 1977/78. Population
 
dynamics of plant parasitic nematodes. I. Roty yichuet 1.em6wv11
 
in a poorly-drained soil and its effect on yield of field legumes.
 
Philippine Agric. 6]:238-252. 

CASTILLO, M. 3., N. B3.BAJET, and R. R. HARWOOD. 1975/76. Nematodes in
 
cropping patterns. I. Populations of RotyenchLecs tey&l,Jo£vfnt on 
successively nonocultured crops. Philippine Agric. 59:288-294. 

CASTILLO, M. B., and 1. A. LITSINGER. 1978. Plant parasitic nematodes of
 
mungbean in Philippines. Proc. 1st Internat. Mungbean Symp., Los
 
Banos. pp. 195-200.
 

CATEDRAL, I. G., and R. M. LANTICAN. 1978. Mungbean breedinq program of
 
UPLB, Philippines. Proc. ist Internat. Mungbean Symp., Los Banos. 
pp. 225-227. 

CATIBOG, C. S., and M. B. CASTILLO. 1975. Pathogenicity of Meoidogyne 
javamiLcl on mungbean (Phaseo.&L6 atfteL( Roxb.). Philippine Agric. 
59: 189-195. 

CHANDEL, K. P. S., B. S. JOSHI, 1973.
and K. C. PANT. Yield in mungbean and
 
its components. Indian J. Genet. Pl. Breed. 33:271-276.
 

CHANG, D. C. N. 1978. A study of mungbean sprout production. Proc. 1st 
Internat. Mun ,,bean Symp., Los Banos. pp. 64-68. 

CHATTERJEE, D., and G. S. RANDHAWA. 1952. Standardised names of cultivated
 
plants in India. II. Cereals, pulses, vegetables, and spices. Indian
 
J. Hort. 9:64-84.
 

CHATURVEDI, S. N., and V. P. SINGH. 1978. Increa:cl mutagenic effects of 
EMS in mungbeans (Pha/eSeoteu atLtctt5 Ruxb.) by DMSO. J. Cytol. Genet. 
13: 116-119.
 

CHAUDHURY, S. K., G. N. SAHA, D. K. NATH, and D. C. BANDYOPADHYAY. 1977. 
Effect of carbofuran, disulfotan, benomyl and brassicol on nodulation 
of mung. Sci. and Cult. 43:416-417. 



104
 

CHEN, C. Y., H. H. WANG, and S. C. S. TSOU. 1980. Isoamyl alcohol as a 

native state dispersing medium for fractionating legume flour and 

preparing specimens for LM and SEM examinations. Internat. Symp. of 

Recent Advances of Food Sciences and Technology. Taipei, Taiwan. 

(Jan. 9-11, 1980.) 

K. Seed pelleting inCH1TONKAR, P. K., V. ISWARAN, and S. JAUIIRI. 1971. 

relation to nodulation and nitrogen fixation by Pha1LSOCtu) aetOLL L. 

in a saline alkali soil. Plant and Soil 35:449-452. 

CHIANG, H. S., C. V. SU, and R. I. ROSE. 1978. Major mungbean insect pest 

management alternatives. Proc. 1st Internat. Mungbean Syrup., Los Banos. 

pp. 180-182.
 

CHIANG, H1.S., and N. S. TALEKAR. 1980. identification of sources of
 

resistance to the beanfly and two other agromyzid flies in soybeans
 

and mungbeans. J. Econ. Entomol. 73:197-199. 

and J. N. HUBBELL. 1978. Effect of irrigation on mungbean
CHIANG, M. V., 
yield. Proc. ]st Internat. Munbean Symp., Los Banos. pp. 93-96. 

and P. C. BHATIA. Prudent fertilizer use boosts
CHOUDHRY, S. L., 1971. 

yield of summer mung . Indian Farming 21 (No. 1) :18-19. 

C1IOWDHURY, J. B., R. KUMAR, P. 14. BIAT, and S. N. KAKAR. 1968. Evaluation 

of some exotic and indigenous varieties of Ph ,.eo~tt aurftett for 

characters of economic importance. J. Res., Punjab Aqric. Univ. 

5: ,463-470. 

CHOVDHURY, S. K., and M. N. HAQUE. 1977. Stability performance of some 

greengramn varieties. Indian J. Aqric. Sci. 47:303-304.
 

L. S. R. and SAXENA. ProductionCHOWDHURY, S. , RAM, GIRI, 11. P. 1975. of 

sumxmer munj urder low, intermediate, and high level technology. 

Indian J. Aq-on. 20: 176. 

CHRISPEELS, M. J., and B. BAUMGARTNER. 1978. Serological evidence 

confirminq the assignment of Ph1Ct7O6CtL1'5 CUC.LUZ and P. mutLflO to genus 

t'iqa. Phytochemistry 1.7: 125-1 26. 

CLIFFORD, P. E. 1979. Source limitation of sink yield in mungbeans. 

Ann. hot. 43: 397-399. 

COFFMAN, C. W., and V. V. GARCIA. 1978. Isolation and functional. 

characterization of a protein isolate from munqbean flour. Proc. 

ist Jnternat. Munqbean Symp., Los Baros. pp. 69-73. 

CORTADO, R. V. 1971. Yield performance of seven improved mungo varieties 

at the Ilagan Experiment Station. Philippine J. Plant Industry 36:15-20. 



105
 

CRUZ, C. G. dela, F. PARAGNA, and J. A. LITSINGER. 1980. Field evaluation
 
of sprayable insecticides for preflowering and post flowering insect
 
pests of mungbean. Insecticide - Acaracide Tests, Entomol. Soc.
 
America.
 

DADARWAL, K. R., S. PRAB!IA, P. TAURO, and N. S. SUBBA RAO. 
 1977. Serology
 
and host range infectivity of 'cowpea group' rhizobia. Indian J. Exp.
 
iol. 15:462-465.
 

DADARWAL, K. R., and A. N. SEN. 1973. Inhibitory effect of seed diffusates
 
of some lequmes on rhizobia and other bacteria. Indian J. Agric. Sci.
 
43: 82-87.
 

DAHIYA, B. S. 1973. Improvement of mungbean through induced mutation. Indian J.
 
Genet. Plant Breed. 33:460-468.
 

DAHIYA, B. S. 1978. Mutation breeding in mungbean. Proc. 1st Internat.
 
Mungbean Syrp., Los Banos. pp. 253-258.
 

DANA, S. 1965. O u xP[alC0L. urtuSrCtRob. tetraploid Pha eotl species 
cross. Rev. Bi(l. (Lisbon) 5:109-114.
 

DANA, S. 1966A. The cross between Pha5oeL ateuJLm Roxb. and P. muLngo L.
 
Genetica 37:259-274.
 

DANA, S. 	 Phasoeu,5 aLttCULe and1966B. Cross between Roxb. P. A'UciaACLianuzL 
Ten. Genet. iberica 18:141-156. 

DANA, S. 1966C. Spontaneous amj'hidiploidy in F1 Phaz6eof6 atuAm.. Roxb. x 
P. MOWLbo[Cts Ait. Curt. Sci. 35:629-630. 

DANA, S. 1966D. Species cross between Phaleou. atoem Roxb. and P. &Lobw" 
Ait. Cytologia 31:176-187. 

DART, P. 1973. Boat nodule symbiosis and tropical grain legume production. 
Proceed. Ist IITA Grain Legume Improvement Workshop, 1973. 

DAS, 	N. R., and A. 1'. PATRA. 1977. Residual ef-fect of phosphorus on mung 
after wheat. Sci. and Cult. 43: 395-396. 

DATE, R. A. 1977A. Inoculation of tro.i aL past:ure legumes. pp. 293-311. 
In1 a. M. Vincent, A. S. Whitney, and J. Bose (Editors). Expl.oiting the 
Legume - RILcc Uu Symbi asis in Troi cal Ari.lcul Lure . Proceed. Workshop, 
1976. Univ. lawa i i, Col ]eqe TropF. Aqric. 'uL. 145. 

DATE, R. A. 1977H',. Tii,, development and ii-sc or l qume inoculants. pp. 169­
180. In A. Ayaiuaba and P. J. Dart (Editors). Biological Nitrogen
 
Fixation in i'arming Systems of the Tropics. John Wiley and Sons,
 
New York.
 



106 

DAYANAND, and N. N. GOSWAMI. 1976. Green-gram a suitable intercrop in
 
sugarcane. Indian Farming 26(No. 4):10, 13.
 

DE, D. N. and R. KRISIHNAN. 1966. Cytological st:udie:; of the hybrid, 
Phaseou,s atCfeu5 \ P. maugo. Genetica 37:58-600. 

DE, R., R. S. GUPTA, S. P. SINGH, M. PAL, S. N. SINGH, R. N. SHARMA, and 
S. K. KAUSIIK. 1978. Interplanting maize, sorghum, and pearl millet 
with short--d-uratini giain legumes. Indian J. Agric. Sci. 48: 32-137. 

DE, R. , B. B. TUBIiIPEL , and (GANGASARAN. 1978. New mung varieties for 

sprinq-sunmer. indian Farming 27 (No. 12) :23. 

DECANDOLLE, A. ]886. Origin of cultivated plants. Hafner Pub. Co., 
New York, N.Y. (Reprint Mf 2nd ed., 1959.) 

DESHKAR, M. V., M. N. KIARE, and L. SINGH. 1974. Evaluation of varieties 
of mung (Ph0t58C.Ca. autte(O Roxb.) for their resistance to Rlbizoctotvca 
bataAtcC0TO (Taub.) Butler by paper towel method. JNKVV Res. J. 8:60-62. 

DESHPANDE, A. M., and B. G. BATHKAL. 1965. Effect of phosphorus on mung 
(PIWacOCuS aaltW5 Roxb.) . Indian J. Agron. 10:271-278. 

DHINGRA, K. L. 11-)75. Transmission of urid bean leaf crinkle virus by two 
aphid species. Indian Phytopath. 28:80-82. 

DIATLOFF, A. 1.971. Pelleting tropical legume seed. Queensland Agric. J. 
97: 363-365. 

DOHERTY, N. W. 1963. Mungbean success. Queensland Agric. J. 89:176-177.
 

DUANGPLOY, S. 1978. Breeding mungbean for Thailand conditions. Proc. 1st 
Internat. Mungbean Symp., Los Banos. pp. 228-229. 

EMPIG, L. T., R. M. LANTICAN, and P. B. ESCURO. 1970. Hertiability estimates
 

of quantitative characters in mungbean (Pha,0Co 6t atumetw5 Roxb.) . Crop 
Sci. 10:240-241. 

E GEL, R. W. 1978. The importance of legumes as a protein source in Asian 
diets. Proc. 1st Internat. Mungbean Symp., Los Banos. pp. 35-39. 

ENYI, B. A. C. 1973. An analysis of the effect of weed competition on growth
 
and yield attributes in sorghum (SolgIhu 'ulfgake), cowpeas (ga 
uLgylcuata), and green gram (1gna auAW). J. Agric. Sci. (Camb.) 
81:449-453. 

ENYI, B. A. C. 1975. Effects of defoliation on growth and yield in groundnut 
(AInachko hypogea) , cowpea (Vgia uepnqLcueata) , soyabean (Glycinc max) , and 
green gram (Viglna autcuS) . Ann. Appl. Biol. 79:55-66. 

http:Ph0t58C.Ca


107
 

EPPS, J. M., and A. Y. CHAMBERS. 1959. 
 Mungbean (Phazeo.0w5 auw,.), a host 
of the soybean cyst nematode (He todejw gecine). Plant Dis. Rept. 
43:981-982. 

ERDMAN, L. W. 
 1967. Legume inoculation: What it is - what it does.
 
U.S. Dept. Agric. Farmers Bull. 2003.
 

ESH, G. C., 
T. S. DE, and U. P. BASU. 1959. Influence of genetic strain and
 
environment on 
the protein content of pulses. Science 129:148-149.
 

FERNANDO, G. W. E. 1974. Production of some food legumes in Ceylon. 
Trop.

Agric. Res. Ser., 
Japan 6:127-135.
 

FERY, R. L. 1980. Genetics of VigJnc. 
 pp. 311-394. In J. Janick (Editor).

Horticultural Reviews. 
 Vol. 2. AVI Publishing Co., Inc., Westport, CT.
 

FIRTH, P., H. THITIPOCA, S. SUTHIPRADIT, R. WETSELAAR, and D. F. BEECH.
 
1973. 
 Nitrogen balance studies in the Central Plain of Thailand.
 
Soil Biol. Biochem. 5:41-46.
 

FLORENTINO, R. r. 1974. Nutritional aspects of eating rice. 
 Phil. J.
 
Nutr. 27:129-140.
 

FOOD AND AGRICULTURE ORGANIZATION. 1979. FAO Production yearbook for 1978.
 
FAO, United Nations, Romne. 

FOOD AND AGRICULTURE ORGANIZATION. 1980. Descriptors for mungbean.
 
International 
Board Plant Genetic Resources. Rome.
 

FORDHAM, J. R., C. E. WELLS, and L. H. CHEN. 
 1975. Sprouting of seeds
 
and nutrienc composition of seeds and sprouts. 
 J. Food Sci. 40:552-556.
 

FRANCO, A. A. 1977. Nutritional restrains for tropical grain legume

symbiosis. pp. 237-2s2. iU J. M. Vincent, A. S. Whitney, and a. Bose
 
(Editors). Exploiting the Legume-RhzoblLm Symbiosis in Tropical

Agriculture. Univ. Hawaii, Collego Trop. Agric. Misc. Pub. 145.
 

GAUR, A. C., 
and R. P. PAREEK. 1969. Effect of dichloro diphenyl

trichoroethane (DDT) on leqhemoglobin 
content of root nodules of
Phacvoeitz awu.Ztecu (green qram). Experientia 25:777. 

GAUR, A. C., and T. N. VARSHNEY. 1974. Effect of birlane on plant growth
and nitrogen fixation in moong (Phas6eo0tw aLJJLLS Roxb.). Indian J. 
Entomol. 36:211-213. 

GHANEKAR, A. M., 
and S. P. S. BENIWAL. 1975. Cowpea, a local lesion host
 
for mungbean leaf curl virus. 
 Indian Phytopath. 28:527-528.
 

GHILDIYAL, M. C., 
A. C. SAINI, and G. S. SIROHI. 1975. Effect of zinc on
 
nodulation and yield of two mung varieties. 
 Indian J. Plant Physiol.
 
18: 12-15.
 



108
 

1975. Evaluation of
 
GILL, K. S., T. S. SANDHU, K. SINGH, and J. S. BRAR. 

(L.) Wilczek) germplasm. Crop Improvement 2:99­
mungbean (VUijna 'adiata 
104. 

GIRIRAd, K., and S. VIJAYAKUMAR. 1974. Path-coefficient analysis of yield 

Indian J. Genet. Plant: Breeding 34:27-30.attributes in mungbean. 

J. M., C. L. MIRANDA, L. D. BRENNISEN, and C. G. AGULLAR. 1972.
GONZALES, 

value, and net protein utilization of some
Digestibilit:y, hioloqical 

beans. Phi1. Nut.
J. 25: 103-112. 

LIOGAYU, and F. H. OUINITIO. 1964.
GONZALEZ, 0. N., E. A. BANZON, R. G. 

Isolation and chemical[ composition of munqnhean (PhaPL'.OC[.t aLett' Roxb.) 

protein. Phi]ipp:ne J . Sci. 93:47-56. 

P. H., and J. IALLII)AY 1977. Incculation and ni trogen fixation in 
GRAHAM, 

InJ. M. Vincent, A. S. Whitney, and
the genus Phamc'l.so . pp. 313-334. 

J. Bose (Editors). Explioiting the Legume-Q1h.iZ0b5- Symbi,osis in 
Misc.
Tropical Aqriculture. Univ. of Hawaii, College Trop. Agric., 

Pub. 145.
 

D.J. 1977. Contribution of microorganisms to the nitrogen
GREENLAND, 

pp. 13-25. In A. Ayanaba and P. J. Dart,
status o ttpdiloa soils. 


Biolog ual] Ni ,,1-on Fixation in Farming Systems of the Tropics. John
 

Wiley and " . ns, New York. 

H. A. L. '980. Weed control in agronomic crops--1980. Okla. State
GREER, 


Univ. Extension Facts No. 2751.
 

Diseases of munqbean in India, Proc. 1st Internat.GREWAL, J. S. 1978. 

165-168.
Mungbean Symp., Los Panos. pp. 

1973. Recent nomenclatural changes in Pha,006 L. and
GUNN, C. R. 

Vgcna Savi. Crop Sci. 13:496. 

GUPTA, M. P., and N. ]{. qINGII. 1969. Variability and correlation studies 

Indian J. Agric. Sci. 39:482-493.in green wram, PhtacetG CUL,LO. Roxb. 

and K. 1;. STN; I. 1970. Genetic divergence for yield and its 
GUPTA, H. P., 

Genet. Pl. Breed. 30:212-221.in 9 E',en gram. Indian Jl.components 

EDWARD. 1974. Same economically important new hosts of
GUPTA, P :, and a. C. 

Pl. Dis. Reporter 58:345-347.HUOha vi.U3n in Uttar P radesh, India.HIf.te e 

P. S. (CAHAL, I). S. CIIAHAL, and M. S. KALRA. 1976. Effect
GUPTA, R. P., V. 

J. Res. Puniab Agric. Univ.
of inoculation andpletlinj on moonq. 

0: 395-397. 

P., M. EKASING, and S. JULSRIGIVAL. 1978. Multiple cropping
GYMPMANTASTRI, 


with munqbean in Chiang Mai, Thailand. Proc. Ist Internat. Mungbean
 

Symp., Los l[aos. pp. 125-128. 

http:Phamc'l.so
http:PhaPL'.OC


109
 

HAQ, 	 M. S. 1977. Grain legumes in Burma. pp. 71-76. In Induced mutations
for the improvement of grain legumes in South East Asia. Proceed.
Southeast Asia Req. Sem., Colombo, Sri (1975).Lanka IAEA-203. 

HAWARE, M. 1972. A noteP. 	 on anqular black spot on Phazeotto mungo and 
P. ,adhits. JNKVV Res. J. 6:55-56. 

IIAWARE, M. P. , ind M. S. PAVG:r. 1969. Evaluation of some fungicides and
antibiotics for the control of angular black spot of legumes. Hindustan 
Antibiot. B3ull. 12:17-21. 

P., M.HAWARE, M. ama S. PAVGi. 1976. Field reaction of biackgram and
 
greenqrm to angular black-spot. Indian Aqric.
J. SO. 46:280-282. 

HENZELL, E. 1. VALI.S. TransferF., anid 	 1977. of nitrogen between legumes
and other crop:. IT. 73-88. .i A. Ayanaba and P. J. Dart (Editors).
Biological Ttroqgn F ixation in Farming Systems of the Tropics.
John Wiley and Sons, New York. 

HINSON, K., and E. E. IIARTWI;. 1977. Soybean production in the tropics.

FAO P lant Pioduction and P rotection Paper 
 4. Rome. 92 p. 

HONAVAR, P. M., and K. SOIIONIE. 1959. Trypsin inhibitor from green 
gram 	 (! OuS nuAe( S R.). ,a.Sci. Indust. Res. l8C:202-205. 

HOOKER, a. D. 1879. Flora of British India. Vol. II. Sabiaceae to 
Cornaceae. L. Reeve and Co., Ltd., Ashford, England. pp. 200-207. 

HORST, K. T. 1961. The Selection of Pulses in Suriname. III. Soybean,
 
cowpea, blackeye pea, mungbean and miscellaneous pulses. Euphytica.
 
10: 277-282. 

IIOWELER, R. I]., C. A. FLOR, C. A. GZNZALEZ.and 1978. Diaqnosis and 
correction of B3deficiency in beans and mulincbeans in a Mollisol from 
the Cauca Valley of Colombia. Agronomy J. 70:493-497. 

HUA, 	 If. T. 1967. The bean-fl y ( WaC dcaIlom{y!c pha 5eoe Coq.) and experiments 
on its control. Malaysian Aqric. . 46:149-157. 

HYMOWITZ, T. , U. 1. COLLINS, and j. M. 	 1975.POEIILMAN. Relationship between 
the content of oil, pr;)twin and sugar in mungbean seed. Trop. Agri.
(Trinidad) 52:47-51. 

ILAG, L. L. 1.9 '8. 'ungal diseases of mungbean in the Philippines.
Proc. ]st Internat. Munqbean Symp ., Los Banes. pp. 154-156. 

IIAG, L. L., and V. E. MARFIL. 1977. Diploida pod rot of mungbean.

Philippine Agric. 61: 186-191.
 



i11 

JHOOTY, J. S., and S. S. BAINS. 1972. Evaluation of different systemic
and non-systemic fungitoxicants for the control of d-mping-o fi ot 
mung (Pha/coln0CL ?Lt4 causedt) by Rhzc.to l_ i otan.L. Indian Plhytopath. 
25: 509-512. 

JOHNSON, Ii. W., U. '. MEANS, and C. R. WEBER. 1965. Competition for nodule 
sites between strains of PRghLobmn japom.CcLI applied as inoculum and
strains in the soil. Agron. ,J.57:179-185. 

JOSHI, S. N. 1969. Variety x unvironmth- interactions iA varietal tests of 
green gram (P'hLSVO auAWCIA Roxb.). Indian J. Aqric. Sci. !"901Y-1012. 

JOSHI, S. N. , and M. %!. IkBARIA. 1973. Interrelationship between yield and
yield components n a(SOscet5 ameHul Roxb. Madr= Au\ c. 5 . 0,):1331­
1334.
 

KAISER, W. J. L970. Rhizoctonia stem canker disease of mungbean
(Phanecott auiumcms) -n Iran. P1. Dis. Reptr. 5-I: 216-250 

KAISER, W. J. 1979. Natural infection of cowpea and nunqbean by alfalfa
 
mosaic virus 
 in Iran. Plant Disease Reporter 63:41--i18. 

KAISER, W. J., D. DANESH , M. OKIIOVAT, and H. MOSSAHENIT. 1.968. Disaases of 
pulse crops (edi ble Legumes) in Iran. Plant Disease Reporter 52:687­
691.
 

KAISER, W. J., D. DANESH, M. OKHOVAT, and G. H. MYOSAiHER1. 1972. Virus
diseases of pulse crops in Iran. Univ. Tehran, Aqric. College, 
Regional Pulse Impro',ement Project. 6 p. 

KAISER, W. J., and G. i. MOSSAHEBI. 1974. Natural infction of mungbe:in
by bean conlunon mosa i c virus. Phytopatholoqy 64 : 120q- 1214. 

KAISER, W. J., G. Hi. MOSSAHIEBI, and M. OKIHOVAT. 1970. RIkhuoc.tnia stein 
canker and danpi nq ofi disease of mntqbe- n tft(ua.- t)(t, n In:ran
and methods for its control. Tehran Univ., Collelje "F Agric., Ka raj, 
Iran. 

KAISER, W. J., G. M. MOSSAIEB, and M. OKHOVAT. 1,-)7:1 Alternate hosts of
viruses at fectin Food legumes inmIran. Iranian J. Plant Path. 7:25-29. 

KAISER, W. J., M. OKI[OVAT, and (. H. MOSSAHEB]. 0)7(. 1un"egboon (Ph;l.eOAcv
cUSL{dL~ ). Daminm -,Fff and stem canker (RhuiJc.o;W[.z W0amaii&.). Fungicide 
and Nematiide 'Tents 26:75. 

KAJIWARA, T., and A. MIKEIAI. . 1976. Munqbean scat causedaI by LUk.S4ioe in 
Indonesia. Contr. Centra] Res. Inst. Aciric. Bogor, No. 23. 12 p. 

KANDASAMY, D., and N. N. PRASAD. 1979. Colonizatinn by rhizobia of the 
seed and roots oF legumes in relation to exudation of phenolics. 
Soil Biol. Biochem. 11:73-75. 



i11 

JHOOTY, J. S., and S. S. BAINS. 1972. Evaluation of different systemic
and non-systemic fungitoxicants for the control of damping-off of 
mung (PhuwSCO.LeLuSLiLL ) caused by Rhizocstonla{t * oatL. Indian Phytopath. 
25:509-512. 

JOHNSON, H. W., U. M. MEANS, and C. R. WEBER. 1965. Ccmpetition for nodule 
sites between strains of RhJ.zebOwn Japoicwwn applied as inoculUm and 
strains in the soil. Agron. J. 57:179-185. 

JOSHI, S. N. 1969. Variety x environment interactions in varietal tests of 
green gram (PLLWLC05US C[b'Le Roxb.). Indian J. Agric. Sci. .9:1010-1012. 

JOSHI, S. N., and M. M. KABARIA. 1973. Interrelationship between yield and 
yield components in Phaseo us MiAt(L4 Roxb. Madras Aqu Lc. 3. '70:1331­
1334.
 

KAISER, W. J. L970. Rhizoctonia stem canker disease oC mungbean 
(Pha.eoewt aouteu) in Iran. Pl. Dis. Reptr. 54:246-250. 

KAISER, W. J. 1979. Natural infection of cowpea and munqbean by alfalfa
 
mosaic 
virus in Iran. Plapt Disease Reporter 63:414--418. 

KAISER, W. J., D. DANESH, M. OKIIOVAT, and H. MOSSAHEBI. 1968. Diseases of 
pulse crops (edible legumes) in Iran. Plant Disease Repo-ter 52:687­
691.
 

KAISER, W. J., 
D. DANESH, M. OKHOVAT, and G. H. MOSSAHEBI. 1972. Virus
 
diseases of pulse crops in Iran. 
 Univ. Tehran, Agric. College,
 
Regional Pulse Improvement Project. 6 p.
 

KAISER, W. J., and G. Ei. MOSSAHEBI. 1974. Natural infection of mungbean 
by bean common mosaic virus. Phytopathology 64 :120q- 214. 

KAISER, W. J., G. H. MOSSAHEBI, and M. OKIHOVAT. 1970. R(htzocton.al stem 
canker and damping off disease of mungbean (P(l atoLLe.t) in Iran 
and methods for its control. Tehran Univ., College of Agric., Karaj, 
Iran. 

KAISER, W. J., G. M. MOSSAHEBI, and M. OKHOVAT. 1971. Alternate hosts of
 
viruses affecting food legumes in Iran. Iranian J. Plant Path. 7:25-29. 

KAISER, W. J., M. OKHIOVAT, and G. H. MOSSAIIEBI. !M7O . u gbean (P[1o4.5eOue
atWLCe/) . Damping-off and stem canker (RIbcaE'a;ul 30Cain) . Fungicide 
and Nematicide Tests 26: 75. 

KAJIWARA, T., and A. MUKELAR. 1976. Mungbean scab caused by EW>iOe in 
Indonesia. Contr. Central Res. Inst. Agric. Bogor, No. 23. 12 p. 

KANDASAMY, D., and N. N. PRASAD. 1979. Colonization by rhizobia of the 
seed and roots of legumes in relation to exudation of phenolics. 
Soil Biol. Biochem. 11:73-75.
 

http:R(htzocton.al


112
 

KANNAIYAN, S., and A. V. RAO. 1.974. Fungicidal control of rust disease of
 
blackgram:mung. Agric. Res. J. Kerala 12:72-73.
 

KARPECHENKO, G. 1. 1925. On the chromosomes of Phaseolinae. Trudy po 
Prikladnoi Botanike, Genetike i Selektses 14:143-148. (English Abst.) 

KATARIA, H. R., and ). K. GROVER. 1976. Some factors affecting the control 
of RhzLOcton.ia 0T ai by systemic and non-systemic fungicides. Ann. 
App]. Biol. 82-267-278. 

KAUL, J. N., H. S. SEK11ON, and B. S. DAIIIYA. 1975. Intercropping studies 
with pigeon pea. Indian J. Genet. Plant Breeding 35:242-247. 

KAUL, J. N., K. B. SINGH, and H. S. SEKIION. 1976. The amount of flower 
sheddinq in some kharif pulses. J. Agric. Sci. (Cambridqe) 86:219. 

KHAN, I. A., and M. HASHIM. 1978. Radiation induced variability in 
quantitative traits of mungbean (Pha.SeoLL aLttL.u., Roxb.). J. Cytol. 
Genet. 13:12-15. 

KHAN, M. A., and A. SJIAKOOR. 1977. Grain legumes in Pakistan. pp. 21-29. 
III Induced Mutations for the Improvement of Grain Legumes in South 
East Asia. Proceed. Southeast Asia Regional Sem., Colombo, Sri Lanka. 
(1975). IAEA-203. 

KHANDELWAL, K. C., and A. C. GAUR. 1970. Influence of humate on the growth 
of moon (Pha3sCoCtus c.ULCLLu) . Sci. and Cult. 36:110-111. 

KHARE, N. K., and '. M. RAI. 1968. Effect of phosphorus on symbiotic 
fixation of n itroqen by leguminous crops. J. Indian Soc. Soil Sci. 
16: 101- ]i. 

KINGMAN, F. C., and !K:. D. DORYLAND. 1917. The principal forage crops of 
the Philippine.!. Philippine Agric. Review 10:261-271. 

KINGSTON, R. W. 1975. Berken--a new mungbean variety. Queensland 
Agric. J. 101:659-661. 

KLOZ, J. 1971. Serology of the Lequminosae. pp. 309-365. In J. B. 
larborne, D. Boulter, and B. L. Turner (Editors). Chemotaxonomy of 
the Leguminor;a e. Academi c Press. New York. 

KO, M. S. 1979. Di.,tl, ] analysis on the quantitative characters in mungbean. 
J. Gyeongsanq Nat. Uriv. .8: 27-52. 

KO, M. S., and '. R. CHOL. 1976. Studies on the estimator utilization of 
genotypic vaiance and environmental variance of mungbeans. I. 
Genotypic correlation, pa tl-coefficient and multiple regression. 
J. Gyeonqsang Nat. Univ. 15:55-61. 

http:RhzLOcton.ia


113 

KOLTE, S. J., 
and Y. L. NENE. 1972. Studies on symptoms and mode of
 
transmission of the leaf crinkle virus of urd bean 
(Phaseot.ew mungo).
 
Indian Phytopath. 25:4041-404.
 

KONNO, S., and T. NARIKAWA. 1978. Recent studies and problems on breeding

and cultivation of Adzuki bean in Japan. 
Proc. 1st Internat. Mungbean 
Symp. , Los Banc )s. pp. 23b-239. 

KOTASTHANE, S. R., and S. C. AGRAWAL. 1976. 
 Control of foliar diseases of 
munqbean (Phac&c.utts a tL(tL,5)by fungicides. Pesticides 10(No. 8):35-36. 

KRISHNAN, R., 
and D. N. DE. 1965. Studies on pachytene and somatic
 
chromosomes of Pha5(.owu.s aWLeUL6S. Nucleus 8:7-16. 

KRISHNAN, R., ad D. N. DE. 
 196 . (ytcgjenetical studies in Ph oe0w% . I. 
Autotetrap loid Paseo%C a kCMS x a tetrapl oi d s}ecies of Phaswous 
and the backa;rnsses. Indian J. ,enut. P1. Breed. 28: 2-22.
 

KRISHNASWAMI, S., 
A. K. V. KIAN, and S. R. S. RANGASAMY. 1973.
 
Association of metric traits in mutants of Phia.Co[u. atczw'1et 
Roxb. Madras Aqric. J. 60:1323-1326.
 

KROBER, 0. A., 
M. K. JACOB, R. K. LAL, and V. K. KASHKARY. 1970. Effects 
of variety and location on the protein content of pulses, Indian J. 
Ariic. Sci. 40:1025-1030. 

KUHN, W. F. 19.46. (;rowing; munqbean sprouts for canning. Food Industries 
(Dec):90-92, 228, 230. 

KUMAR, L. S. 1.915. A comparative study of autotetraploid and diploid 
types in munq (P(LU4Q0 (t5 .(WLag Linn.). Proc. Indian Acad. Sci.tOW 

2113:266-268.
 

KUMAR, L. S. S., 
and A. ABRAHAM. 1942A. Induction of polyploidy in crop 
plants. CGur. Sci . 2:1 12-114. 

KUMIAR, L. S. S., ind A. ABRAHAM. 19421B. A study of colchine induced 
polyp loidy in P0i0001"U dPbftAuS L. J. Univ. Bombay 11(12):30-37. 

KITO, C. G., M. C. If. JUNG, and S. C. S. TSOU. 1978. Translocation of 1'C­
photosynthato in munobean during the reprodLctive period. 
IlortScience
 
13:580-58].
 

KUO, C. G., 
L. J. WANG, A. C. CHENG, and M. H. CIIOU. 1978. Physiological
 
basis for munqbean yield improvement. Proc. ist Internat. Mungbean 
Symp., Los Banos. pp. 205-209. 

KURIEN, P. P., I. S. R. DESIKACHAR, and H. A. B. PARPIA. 
 1974. Processing
 
and utili:zation of grain legumes in India. 
 Trop. Agric. Res. Series,
 
Japan 6:225-236.
 

http:Phaseot.ew


114
 

KURTZ, L. T. 1976. Fertilizer needs of 	 the soybean. pp. 85-100. I 

Research. Interstate PrintersL. D. Hill (Editor). World Soybean 


and Publishers, Inc., Danville, 1linois.
 

Ln seeds and sproutsKYLEN, A. M., and R. M. McCREADY. 1975. Nutrients 
j. Food Sci. 40:1008-1009.of a][talfa, lentils, oungheans, and soybeans. 

1963. Some observations on the infection of
LAI, 	 M. T., and L. C. WU. 

mungbean seedlings by RnizoCtoi.ia 60't'V.' Kuhn. Plant Protection Bull. 

5: 286-297. 

E. C. PRICE. 1978. Rice-mungLAVAPIEZ, L. M., B. DURAN, J. NICOLAS, and 

cropping patterns in Manoaq, Pangasinan: A cost and returns study. 
pp. 74-78.Proc. ]st Internat. Munqbean Symp., Los Banos. 

LAWN, R. J. 1978. Yield potential of Vigla kad,.ata-c and V. mutngo in summer 
Mungbeanrainfall cropping areas of Australia. Proc. 1st Internat. 


Syrup., Los anos. pp. 24-27.
 

LAWN, R. J. 1979. Agronomic studies on Vchpa spp. in South­

eastern Queensland. I. Phonological response of cultivars to 

sowing date. Austral. J. Agric. Res. 30:855-870. 

LAWN, R. J., and J. S. RUSSELL. 1978. Mungbeans: A grain legume for 

sumner c-ti ntall cropping areas of Australia. J. Austral. Inst. 

Agric. SCI. 44:28-41. 

1978. AVRDC Philippine
LEGASPI, B. M., E. M. CATIPON, and J. N. 	HUBBELL. 
Proc. ]st Internat. Mungbean
out-reach program mungbean studies. 


Symp., Los Banos. pp. 220-223.
 

High 	 proteinLEGASPI, G. R. A., E. M. PAYUMO, and M. D. GOPEZ. 1976. 
"pan 	 de sal" fro. wheat flour fortified with legume flours. NSDB 

Tech. J. l(No. 1:85-90. 

legumes and their elimination.LIENER, I. E. 1962. Toxic factors in edible 


Amer. J. Clin. Nutr. 11:281-298.
 

a legume for seed and forage production.
LIGON, L. L. 1945. Mungbeans -

Okla. Agr. Exp. Sta. Bull. B-284.
 

1979. Studies on the processingLII, C. Y., C. Y. CHEN, and H. H. WANG. 

various starches. Paper
and qualities of starch noodles from 


Ooint Meeting, Honolulu, Iawaii.
Presented ACS/CSJ 

C. PRICE, R. T. HERRERA, a. P. BANDONG, M. D. LUABAN,
LITSINGER, J. A., E. 


CASTILLO. 1979. Introducing pest control
C. B. QUIRINO, and M. D. 
in thetechnology to a low management crop: The mungbean examp]e 

Mungbean Symp., Los Banos. pp.Philippines. Proc. 1st InLernat. 

183-191.
 

http:nizoCtoi.ia


115
 

LITSINGER, J. A., 
C. B. QUIRINO, M. D. LUMABAN, and J. P. BANDONG. 1978.
 
The grain legume pest complex of rice-based cropping systems at three 
locations in the Philippines. pp. 309-320. In S. R. Singh, I. F. Van 
Emden, and T. A. Taylor (Editors). Pests of Grain Legumes, Ecology and 
Control. Academic Press. London. 

LITZENBERGER, S. C. 1973. The improvement of food legumes as 
a
 
cont ribution to improved human nutrition. pp. 3-16. "I Potentials 
for Field Beans and other Food Legumes in Latin America. Series 
Seminar No. 2 E. Centro Internacional de Agricultura Tropical, Cali, 
Colombia. 

MACKENZIE, D. R., N. C. CHEN, T. D. LIOU, H. B. F. WU, and E. B. OYER.
 
1975. Response of mungbean (VignLa 'Lacdc.ta (L.) Wilczek var. AatQata)
and soybean (GycLnce rax (L.) Merr.) to increasing plant density. 
J. Am. Soc. Hort. Sci. 100:579-583.
 

MACKENZIE, D. R., L. HO, T. D. LIU, H. B. F. WU, and E. B. OYER. 1975. 
Photoperiodism of mungbean and four related species. Hortscience 10: 
486-487. 

MADRID, M. T., Jr., 
and M. R. VEGA. 1971. Duration of weed control and weed
 
competition and the effect on yield. I. Mungbean (PhaseoftLs aoLte~u L.). 
Philippine Agric. 55:216-220. 

MAHADEVAN, N. R., 
M. GOPALAN, and R. RAJENDRAN. 1978. Influence of 
fertilizer, insecticide, and combinations of both on the incidence of 
pests and increasing the yield of green gram. Pesticides 12(No. 3): 
38-39.
 

MAHAPATRA, I. C., M. SINGII, DAYANAND, and R. N. SINGH. 
 1975. Pulses in
 
cropping systems. Indian J. Genet. Plant Breeding 35:188-193. 

MAHESHWARI, S. K. 1974. Response of greengram (Phaseoeus aLteus) to 
inoculum and levels of N anC P with their economics. JNKVV Res. J. 
8:157-158.
 

MALHAN, I., P. D. TYAGI, and R. K. GROVER. 
 1975. Physical factors
 
affecting toxicity of benomyl to Rhizoctonia notarn in vitro.
 
Indian Phytopath. 28:491-494.
 

MALHOTRA, V. V., S. SINGH, and K. B. SINGHI. 1974A. Yield components in 
greengram (Pit SCO.Ofa atUfLrCu5 Roxb.) . Indian J. Agric. Sci. 44:136-141. 

MALHOTRA, V. V., 
S. SINGH, and K. B. SINGH. 1974B. Relation between
 
geographic divers:ity and genetic divergence and the relative role of
 
each character toward maximizing divergence in greengram. Indian J. 
Agric. Sci. 44:811-815. 

MAMICPIC, N. G., and R. S. NAVARRO. 1969. Row culture of mungo (CES 14 
variety). Agric. at Los Banos 8:5-7.
 

http:Lacdc.ta


116
 

MANDLOI, K. K., and F. P. TIWART. 197]. Encouraqing residual effect of 

phosphorus on wieat with one irrigation. JNKVV Res. J. 5:54-55. 

K. MATI{UR. 1969. Effect of temperatureMANOHAR, M. S., D. K. MTSRA, and 1. 

and moisture stressa s on qe'fnination Q!7seeds. I. Studies on 

c' Cfl,auaetu Roxb. Iabdev. J. Sci. Tech. 7-0 39-43.PhaLSe0 

MASEFIELD, G. B. 1958. Some factors affecting nodulatoun in the tropics. 

pp. 202-212. 70 E. G. Ha]l]sworth (Editor). Nutrition of the Legumes. 

Academic Press, Inc., New York, N.Y. 

MASEFIELD, G. B. 1961. The nodulation of annual leguminous crops in Malaya. 

Empire 3. Exp. Agric. 25:]39-150. 

MATHUR, R. S., A. K. I3ANERJIEE, and G. K. BAJPAI. 1965. The effect of vector 

control on yellow mosaic incidence on moong (mungbean) in India. 

P1. Dis. Report-er 49:1]6-167. 

MATLOCK, R. S., and R. M. OSWALT. 1963. Mungbean varieties for Oklahoma. 

Okla. Aqr. LExpt. Sta. Bul. B-612. pp. 1-15. 

MAZUMDAR, V. P., C. R. VASAVADA, and S. N. JOSIHI. 1969. D.45-6, a new 

protein-rich 'nO)nq varieLy. Indian Farming 19(4):35-36. 

MEIITA, T. X. 1955. Caltivat:ion of pulses in Uttar Pradesh. Agric. and 

Animal Hush. 6(1o. 2/3) :B0-16. 

MEHTA, T. R., and J. M. SAHAT. 1955. A review of breeding work on mung 

(P/ICaseotu5 atUnrQnt. Roxb.) in Uttar Pradesh. Agric. and Animal Husb. 

6(No. 2/3) :,56-57. 

MEHTA, U. R., and II. C. SINGH. 1979. Response of greengram to sulphur on 

calcareous soi.ls. Indian J. Agqic. Sci. 49:703-706. 

MEW, 	 I. C., T. C. WANG;, and T. W. MEW. 1975. Inoculum production and 

evaluation of rntmgboan vrieties for resistance to CeAcon0po canescen-6. 
Pl. Dis. R.eporter 59: 397-401. 

MILBY, T. T. 1945. Munbeans as a source of protein for turkey poults. 

Proc. Okla. Acad. Sci. 25:50-53. 

MISRA, R. C. 1973. Profit le cultivation of summer pulses. Indian 
Farmers D eo' :..4:1-43. 

MISRA, R. C., R. C. SAltU, and D. TRIPATHY. 1970. A note on heterosis in 

green gran (Ph 5ec C=CKLL!LCH, Cur. Sci. 39:190-191.L' 	 Roxb.). 

MISRA, R. C., D. TRIPATIIY, and R. C. SAIIU. 1978. YMV resistant mungbean 

for summer cultivation. Indian J. Genet. P1. Breed. 38:103-105. 



117
 

MOODY, K. 1973. Weed control in tropical grain legumes. Proc. 1st IITA
 
Grain Legume Imp. Workshop. Ibadan, Nigeria.
 

MOODY, K. 1978. Weed control in mungbean. Proc. 1st Internat. Mungbean
 
Symp. , Los Banos. pp. 132-136.
 

MOOLANI, M. K., and M. K. JANA. 1965. A note on response of green gram
(Ph~coltuz atw'eu5 L.) to fertilizersin laterite soil. Indian J. Agron. 
10: 43-44. 

de MOOY, C. J., J. PESEK, and E. SPALDON. 1973. Mineral nutrition. 
pp. 267-352. Iu B. E. Caldwell (Editor). Soybeans: Improvement, 
Production, Uses. Amer. Soc. Agron. Monograph 16. Madison, WI. 

MOSSE, B. 1977. The role of mycorrhiza i n legume nutition on marginal
 
soils. pp. 2/5-292. 1"u J. .M. Vincent, A. S. Whitney, aind J. Bose
 
(Editors). Exploring the Leg 5ume- [(.COob U mw Symbiosis in Tropical
 
Agriculture. lawaii Colleqe of AqrJc. Misc. Publ. 145. 

MUKELAR, A. 1978. Mungbean scab in Indonesia. Proc. 1st Internat. Mungbean 
Symp., Los tanos. pp. 161-64. 

MUKELAR, A., M. SUDJADI, and T. KAJIWARA. 1976. Chemical control for
 
mungbean scab. Contr., Cent-ral Res. Inst. Agric., Bogor, No. 24. 7 p.
 

MUNGOMERY, V. E., D. E. BYTH, and R. J. WILLIAMS. 1972. Environmental 
effects And varietl] performance of cowpea (t/ign1ac .ImzHA.S-5) and 
mungbean (Pha Se(%Cu S species) accessions in south-eastern Queensland. 
Aust. J. Exp. A ric. Animal Hush. 12:523-527. 

MUNNS, D. N., Ii. ii. KEYSER, V. W. FOG;LE, J. S. IHOIIENPERG, T. L. RIGIHETTI, 
D. 1,. 1AUTER, MS.. AROI , K. L. CLARKIN, and K. W. WHITACRE. 1979. 
Tolerance oI soil ac1di t in symbiosis of munqbean with rhizobia. 
Agron. J. 71:256-260. 

MURRAY, S. A., and C. L. NECOMBE. 1970. Synergi stic inhibiuion of growth of 
munqbean seed lings after a combina tion of low-level X-irradiation and 
low-level shiock t reatment. Radiation Botany 10:563-567. 

MURTY, B. K., and G. J. PATEL. 1972. Inheritance of seed coat colour in 
green qra n. Indian J. Gen. and P1 . Breed. 32:373-378. 

MURTY, B. K., and Q. J1. PATEL. 1972-73. Iniheritance of some morphological 
characters in mung. Bansila] Amrita] Col. Aqric. Mag., Anand, Gujarat, 
India. 25: 1-9. 

MURUGESAN, S., and S. CHELLIA!!. 1977. Transmission of greengram yellow 
moslic virus by the white fly, TCmn.LSa tabaci (Genn.). Madras Agric. 
J. 64:437-441. 



118
 

MURUGESAN, S., S. CIHJELLIA!, and M. MURUGESAN. 1977. Prediction of white
 

fly vector CLlli6ia tabaci (Genn.) and yellow mosaic disease incidence 
i.n green gram. Madras Agric. J. 64:22-28. 

NAIR, N. G., Y. 1. NENE, and J. S. NARESH. 1974. Reaction of certain urd
 
bean varieties to yellow mosaic virus of mungbean. Indian Phytopath.
 
27: 256-257.
 

NAIR, P. K. R., and A. SINGH. 1971. Production potential, economic 
feasibilities and imput requirements of five h[,Ah-int:ensity crop 
rotations with rice (ryza sat,[vL L.). Indian J. Agric. Sci. 41:807­
815.
 

NALAMPANG, A. 1974. Production and research on food legumes in Thailand. 
Trop. Agric. Res. Series, Japan 6:93-100. 

NALAMPANG, A. 1978. Mungbean production in Thailand. Proc. 1st Internat. 
Mungbean Symp., Los anos. pp. 12-14. 

NARASIMNAM, M. A. 1929. A note on the pollination of black and green 
gram in the (Godavari District. Agric. J. India 24:397-401. 

NARAYANASAMY, P., and T. JAGANATIIAN. 1973. Sources of resistance to black­
gram virits diseases. Madras Agric. J. 60: 1836-183R. 

NARAYANASAMY, P., and T. JAGANATIIAN. 1975. Seed transmission of black 
gram leaf crinkle virus. i'hytolath. Zeitschrift 82:107-110. 

NARESH, J. S., and R. P. TIIAKUR. 1972. Efficacy of systemic, granular 
and spray insecticides for the control of insect posts of blackgram 
(Ph(LSC0-o(t ffltul]O Roxb.). Indian J. Agric. Sci. 42:732-735. 

NARIANI, T. K. 1960. Yellow mosaic of mung (Phcotos ameacwS L.). 
Indian 11hiyitopath, 13:24-29. 

NATIONAL SCIENCE FOUNDATION. 1974. Integrated pest management: The 
principles, strategies, and tactics of pest population regulation 
and control in major crop ecosystems. Progress Rep. Vol. I. 311 p. 

NELSON, R. 1932. Investigations in the mosai' disease of bean (Phase0C 
VmgOWt L.). Mich. Agric. Expt. Sta. Tech. Bull. 118. 71 p. 

NENE, Y. L. 1973A. Viral diseases of some warm weather pulse crops in 
India. Plant Dis. Reporter 57:463-467. 

NENE, Y. L. 1973B. Note on a fungus parasite of RAW&tabcc, Genn., a 
vector of several plant viruses. Indian J. Agric. Sci. 43:514-516. 

NENE, Y. L., and S. J. KOLTE. 1972. Diseases of mung and urd beans. 2. 
Leaf crinkle. pp. 109-134. In4Y. L. Nene. A Survey of Viral Diseases 
of Pulse Crops in Uttar Pradesh. G. P. Pant Univ. Agric. Tech. 
Res. Bull. 4.
 



119
 

NENE, Y. L., 
Y. P. S. RATHI, N. G. NAIR, and J. S. NARESH. 1972. Diseases
 
of mung and urd beans. 1. Yellow mosaic. pp. 6-108. In Y. L. None. 
A Survey of Viral Diseases of Pulse Crops in Uttar Pradesh. G. P. Pant 
Univ. Agric. Tech., Res. Bull. 4. 

NENE, Y. L., and R. N. SING. 1972. Diseases of mung and urd beans. 4. Leaf 
curl. pp. 142-153. In Y. L. Nene. A Survey of Viral Diseases of Pulse 
Crops in Uttar Pradesh. G. P. Pant Univ. Agric. Tech., Res. Bull. 4.
 

.ENE, Y. L., and S. K. SRIVASTAVA. 3972. Diseases of mung and urd beans.
 
3. Mosaic mottle. pp. 135-141. In Y. L. Nene. A Survey of Viral
 
Disease of Pulse Crops in Uttar Pradesh. G. P. Pant Univ. Agric.
 
Tech., Res. Bull. 4.
 

NENE, Y. L., S. K. SRIVASTAVA, ind J. S. NAPRESH. 
 1972. Evau.]tion of
 
blackqram PW1 nltLuqg0 Roxb.) greengramNSCUC.!L, and (PWac-ofi. atL'w.t0 
Roxb.) 
varieties and qermpiasms for resistance to yellow-mosaic virus 
of greengram. Indian J. Aqric. Sci. 42:251-254.
 

NIYOGI, S. P., N. NARAYANA, and B. G. DESAI. 
 1932. Studies in the
 
nutritive value of Indian vegetable food stuffs. IV. Nutritive value 
of greengram, PAW MUI'iO, and blackgram, Ph, eoua rtdiattta6.
 
Ind. 	J. Mod. Res. 19:1041-1054.
 

OBLISAMI, G., K. BALARAMAN, and T. NATARAJAN. 
 L976. Effect of composite
 
culturesof R.lzobuiwi on 
two pulse crops. Madras Agric. J. 63:587-589.
 

OCHSE, J. J., 
and R. C. BAKHUTZEN van den BRINK. 1931. Vegetables of the 
Dutch East Indies. Dept. Agric., Indus., and Commerce, Netherlands
 
East Indies, Buitenzorg, Java. pp. 414-417.
 

001, 	 A. C. P. 1973. Some insect pests of green gram, Phcaotas auwa. 
Malaysian Agric. J. 49: 131-142. 

OTOUL, E., R. MARECHAL, G. DARDENNE, and F. DESMEDT. 
 1975. Des dipeptides
soufres differencient nettement VAg.n OdWa.ta de Vgna mungo. 
Phytochemistry 14:173-179.
 

PABLO, S. J., and G. A. PANGGA. 1971. Granular systemic insecticides in
 
the control of pests affecting mungo bean. Philippine J. Plant
 
Industry 36: 21-28.
 

PALO, A. V. L974. 
 Production of food legumes in the Philippines with
 
special reference to leguminous vegetables, Trop. Aqric. Res. Series,
 
Japan 6: 189-195.
 

PANDYA, B. 11.,D. P. SINGH, and B. L. SHARMA. 1977. Screening of mungbean

(VigQna .adlta (L.) Wilczek) germplasm for field resistance to yellow
 
mosaic virus. 
 Trop. Grain Legume Bull. 7:13-14.
 

http:atL'w.t0


120
 

PANWAR, K. S., K. PANDEY, and M. SINGH. 1978. Response of some promising
 

varieties of moong to levels of phosphorus. Indian J. Agron. 23:366­

367.
 

PANWAR, K. S., U. V. SINGI, and A. S. MESRA. 1976. Response of mung 

(Pha4eol s anUet L.) to different levels of N and P in central Uttar 

Pradesh. Indian J. Aqric. Res. 10:53-56. 

PAREEK, R. P., and A. C. GAUP. 1970. Effect of dAchloro diphenyl 

trichloroethane (DDT) on symbiosis of Rhob mi sp. with Phaseo1 
cftlLu1LtU (green gram). Flant and Sol] 33:297-304. 

PARK, H. G. 1977. Grain legumes in Taiwan. pp. 103-110. In Induced 

Mutations for the ImprovemenLt of Grain Legumes in Southeast Asia. 

Proceed. Southeast Asia Reg. Ser., Colombo, Sri Lanka (1975). 
IAEA-203. 

PARK, H. G. 1978A. Suggested cultural practices for mungbean AVRDC 

Guide 78-63. 2 p.
 

PARK, H. G. 1978R. Procedures for mungbean evaluation trials. 

International Cooperator's Guide. AVRDC Guide 78-64. 4 p. 

PARK, H. G., and C. N. YANG. 1978. The mungbean breeding program at the 

Asian Vegetable Research and Development Center. Proc. 1st Internat. 

Mungbean Syrup., los Banos. pp. 214-216. 

Grow moong during summerPARODA, A. S., S. DAL, and R. C. SN181. 1979. 

season. Indian Farmer's Digest 7(J):33-35. 

PATEL, C. S., and P. C. MITRA. 1977. Intercropping of moong with tossa 

jute in multiple cropping of jute-paddy-potato. Indian J. Agron. 

22:261-262.
 

PATEL, P. N., and 3. K. JINDAL. 1972. Bacterial leaf spot and halo blight 

diseases of mungbean (Phasv0oet5 aure and legumes in India.ko) other 


Indian Phytopath. 25:51 7-525.
 

PATEL, P. N., J. K. JINDAL, and D. S21GH. 1972. Studies on resistance in 

crops to bacterial disease in India. IV. Resistance in mungbean 

(PhascoCtu aueLu ) to XaWrthomormwS phaoseoin. Indian Phytopath. 
25:526-529. 

PATHAK, G. N., and B. SINGH. 1963. Inheritance studies in green gram. 

Indian J. Genet. and Plant Breed. 23:215-218. 

PATRO, G. K., and (;. C. TOSH. 1977. Control of weeds with embutox in mung. 
Indian J. Agron. 22:154-155. 

PATWARDIIAN, V. N. 1962. Pulses and beans in human nutrition. Amer. J. 

Clin. Nutr. 11:12-30. 



12]
 

PAVGI, M. S., and M. J. THIRUMALACHAR. 1953. Angular black-spot disease
 
of mung beans. Nature (London) 172:314-315.
 

PAWAR, N. B., and J. N. 1977.GHULGHULE. Study of synergetic effects of
RhizobWNm, AzotobactQ,,L and nitrogen on the grain yield and other yield
attributes of mung (PIh58coPt5 aftct5 = V'g;ia iLadta) Tropical Grain. 
Legumes Bull. 9:22-25.
 

PAWAR, S. E., and C. R. RHATIA. 1980. The basis for grain yield differences 
in mungbean cultivars and identification of yield limiting factors. 
Theoret. Appl. GeneL. 57:171-175. 

PAYUMO, E. M. 1978. The potentials of mungbean as a protein supplement for
 
child feeding. Proc. 1st Internat. Mungbean Symp., Los Banos. pp. 49­
53.
 

PAYUMO, E. M., P. R. BRIONES, E. A. BANZON, and M. L. TORRES. 
 1969. The
 
preparation of coco noodle. 
 Phil. J. Nutr. 22:216-224.
 

PAYUMO, E. M., and E. S. CASTILLO. 1979. Prepiration and storage qualities

of instant munqbean soup. Phil. J. Nutr. 32:87-91. 

PCARR. 1977. The Philippines recommends for mungo in 1977. Philippine 
Council for Agriculture and Resources Research. 62 p. 

PHATAK, H. C. 1974, Seed-borne plant viruses - Identification and 
diagnosis in seed health testing. Seed Sci. Tech. 2:3-155. 

PIPER, C. V., and W. J. MORSE. 1914. Five oriental species of beans. 
U.S. Dept. of Agric. Bull. 119.
 

POEHLMAN, J. M. 
 1978. What we have learned from the International Mungbean 
Nurseries. Proc. ist International Mungbean Symposium, Los Banos. 
pp. 97-100. 

POEHLMAN, J. M. 1979. Breeding Field Crops. 
 AVI Publishing Company, Inc.,
 
Westport, CT. 2nd ed.
 

POEHLMAN, J. M., and D. N. BORTHAKUR. 1969. Breeding Asian Field Crops. 
Oxford and IBH Publishing Co., New Delhi. 

POEHLMAN, J. M. , D. T. SECHLER, R. E. SWINDELL, and P. SITTIYOS. 1976. 
Performance oct the Fourth International Munqbean Nursery. Univ. 
Missouri, ClIumhia, Agric. Exp:. Sta., Speciil 191.Report 

POEHLMAN, J. 0. SECIILER, F. E. SWINDELL,M., T. E. WATT, F:. and V. D. 
AGGARWAL. 1975. Performance of the Third International Mungbean
Nursery. Univ. Missouri, Columbia, Agric. Exp. Sta., Special Report 180. 



122
 

POEHLMAN, J. M., D. T. SECHILER, J. M. YOHE, E. E. WATT, R. E. SWINDELL, and
 

M. M. H. BASHANDI. 1973. Performance of the First International
 

Mungbean Nursery. Univ. Missouri, Columbia, A,-ric. Exp. Sta.,
 
Special Report 158. 

POEHLMAN, J. M., D. T. SECHLER, J. M. YOHE, E. E. WATT, R. E. SWINDELL,
 

and E. BENHAM. 1974. Performance of the Second International
 

Mungbean Nursery. Univ. Missouri, Columbia, Agric. Exp. Sta.,
 

Special Peport 171.
 

POKLE, V. S., and VJ.A. PATIL. 1975. Path coefficient analysis in green 
gram (PIhawo4':,ts aut'LULLu Roxb.). Sci. Cult. 41:265-266. 

POKLE, Y. S. 1972. Spontaneous mutation in mug (Phaseotts aLttetaU Roxb.).
 

Sci. Cult. 38:142.
 

PRAIN, D. 1903. Bengal plants. Vol. I. Ranunculaceae - Salvadoraceae.
 

Reprinted 1.963 by Botanical Survey of India, Calcutta.
 

PRASAD, M. V. R. 1976. Induced mutants in green gram. Indian J. Genet.
 

Plant Breeding 36:218-222.
 

PRASAD, R., M. L. BHENDIA, and S. S. BAINS. 1968. Response of grain legumes 

to levels and sources of phosphorus on different soils. Indian J. Agron. 

13: 305-309.
 

PRASAD, S. K., M. L. CIlAWLA, S. KUMAR, and I. P. SAXENA. 1971. Root-knot 

nematode, WCc~odogjzc jaan'ioca (Treub. 1.885) Chitwood, 1949 and stein 
borer, StoMcytoctyx HQ{3.tCJ(.U Meyrick affecting green gram, Phaseou 
aleltCS. Indil n J. Entomol. 33:55-60. 

PRASAD, S. N. 1959. A note on factors affecting yield of "moong" 
P[ItLSco(cxO AaJa:ci. varieties. Indian Ayric. 3:50-53. 

PREMSEKAR, S., and j. SRINIVASAN. 1961. Two high yielding selections of 

green gram (P1I ,hCoguA aukftvS Roxb.) for Madras. Madras Agric. J. 
48: 259-260. 

PROVVIDENTI, R. 1976. Reaction of Phcasec'C and M.acoptcCQum species to a 
strain of cucumber mosaic virus. Plant Disease Reporter 60:289-293. 

PURIVIROJKUL, W., and J. M. POEHLMAN. 1977. Injury in mungbean from
 

natural infection with cucumber mosaic virus. Crop Sci. 17:654-656.
 

PURIVIROJKUL, W., P. SITTIYOS, C. Hi. HSU, J. M. POEBLMAN, and 0. P. SEHGAL. 

1978. Natural infection of mungbean (Vigpl ,adatac) with cucumber 

mosaic virus. Plant Disease Reporter 62:530-534. 

PURSEGLOVE, J. W. 3974. Tropical crops, dicotyledons. John Wiley and
 

Sons, New York. pp. 290-294.
 



QUEBRAL, F. C. 1978. Powdery mildew and CerospoWa leaf spot of mungbean
 
in the Philippines. Proc. 1st Internat. Mungbean Symp., Los Banos.
 
pp. 147-148.
 

QUEBRAL, F. C., and R. M. LANTICAN. 1969. Effect of Benlate on powdery
 
mildew and yield of mungo. Agric. at Los Banos 9:13-14.
 

RACHIE, K. 0., and L. M. ROBERTS. 1974. Grain legumes of the lowland
 
tropics. Adv. Agron. 26:1-132.
 

FAISON, J. K., and E. A. CHAPMAN. 1976. Membrane phase changes in chilling­
sensitive Vigpa rttta. and their significance to growth. Australian J.
 
P1. Physiol. 3:291-299.
 

RAJAGOPALIM, C. K., P. P. DEVAKUMAR, V. SRINIVASAN, and K. S. NAIR. 1965.
 
A study on 
the response of greengram to bacterial seed inoculation.
 
Madras Agric. J. 52:241-242.
 

RAJAGOPALAN, N., and T. S. SADASIVAN. 1964. Some aspects of root nodulation
 
in tropical legumes. Curr. Sci. 33:197-202.
 

RAJPUT, M. A. 1973. Gamma-irradiation M1 studies in mungbean (Phaseo&.
atLtu&5 Roxb.). Pakistan J. Sci. Res. 25:167-172. 

RAJPUT, M. A. 1974. Increased variability in the of gamma irradiatedM2 
mungbean (Phasco ws allCNCU Roxb.). Rad. Bot. 14:85-89. 

RAJUKKANNU, K., P. VASUDEVAN, K. SAIVARAJ, and K. K. KRISHNAMOORTHY. 1977. 
Insecticides residues in green gram, black gram, and cowpea. 
Pesticides ll(No. 10) :25-26. 

RAMAKRISHNAN, G., T. K. KANDASWAMY, A. P. S. DAMODARAN, and R. AYYAVOO. 
1973. Studies on new mosaic viruses occurring on Phoe0ho au6ew
 
Roxb. Madras Agric. J. 60:465-468. 

RAMAKRISHNAN, G., R. RANGARAJU, G. THANGAMANI, A. P. S. DAMODARAN, and 
T. K. KANDASWAMY. 1969. Studies on a new mosaic disease of

Phascodus awLqCU L. Madras Agric. J. 56:378-380. 

RAMANUJAM, S. 1978. Biometrical basis for yield improvement in mungbean.
Proc. 1st Internat. Mungbean Symp., Dos Banos. pp. 230-213. 

RAMANUJAM, S., A. S. TIWAR, and R. B. MEHRA. 
 1974. Genetic divergence and
 
Hybrid performance in munqbean. Theoret. Appl. Genet. 45:211-214. 

RANGANATHAN, K., T. JAGANATHAN, A. PALANISWAMY, and P. NARAYANASWAMY. 1973. 
Rhizoctonia root rot on black gram, lab-lab, and French bean. Madras 
Agric. J. 60:588.
 

RANGASAMY, S. R. S., G. OBLISAMI, and S. KRISNASWAMI. 1973. Nodulation
 
and productivity in the induced mutants of greengram by gamma rays.
 
Madras Agric. J. 60:359-361.
 



124
 

RATH, G. C., and J. S. GREWAL. 1973. A note on CQJ.02powl leaf spot of 

Phcueo s ao u.scL. Indian J. Mycol. and Plant Pathol. 3:204-207. 

RATH!, K. S., and V. S. VERMA. 1974. Note on the response of mung (Phawt0U16 
actkcttS) Type 44 to plant and row spacing. Indian J. Agric. Res. 8:195­
196.
 

RATHI, Y. P. S., and Y. L. NENE. 1974. Some aspects of the relationship 
between mungbean yellow mosaic virus and its vector, Bcnia -tabaci. 
Indian Phytopath. 27:459-402. 

RATHI, Y. P. S., and Y. k. NENE. 1976. Influence of different host 

combinations on virus-vector relation of munqbean yellow mosaic virus. 
Pantnagar J. Res. 1:107-111. 

RATHNASWAMY, R. , S. KRISHNASWAMI, R. VEEPRASWAMV, S. IYEMPERUMAL, and P. V. 
NAPAPPAN. 1977. Co. 3 greengram - a new short duration strain for 
drylands. Madras Agric. J. 64:451-453.
 

RAVANKAR, 11. N., N. N. BADEi], and R. S. KADWF. 1972/1973. Effect of 
different levels of phosphate on growth, nodulation and nitrogen 
fixation by u-id imtgO and a L.)(PhLUUo5 WU Roxb.) :ung (PhoCSeo[iL attc 
Naqpur. ColLenqe Agric. mag. 45:50-55. 

RAWSON, Ii. M., :nd C. L. CR!U\Vi-2N. 1979. Vatiation between short-duration 

mungbean cuiv ars (WgLLza UMIat(L (L.) Wilczek) in response to temperature 
and photoperiod. Indian J. 11. Physiol. 22:127-136. 

RAYCHAUDHURI, 5. P. 1968. Disease of pulses. Indian Farming 17(No. 11): 
39, 41, 43. 

REDDY, P. R., A. A. ZAHEDA, and L. M. RAO. 1978. Influence of basal dose of 

nitrogen and rhizobial inoculation on yie.d and nitrogen uptake in black­

gram (PhIVOW,'CL6 MUPCO L.). Indian J. Plant Physiol. 21:210-212. 

REGUPATHY, A., P. RATHNASAMY, D. VENKATNAPAYANAN, and T. R. SUBRAMANIAM. 
1975. Physiology of yellow mosaic virus in green gram, Phase.0us 
C(IUILQLL Roxb. with reference to its preference by VmpoascOa kze'u 
Pruthi. Cu'. Sci. 44 :577-578. 

REJESUS, R. S., and V. P. BANASIJIAN. 1978. Critical growth stages for 
insecticidal application in mungbean. Proc. 1st Internat. Mungbean 
Syrup., Los Ba::os, pp. 19:1-194. 

RETHINAM, P., U. SANKARAN, and S. SANKARAN. 1976. Studies on herbicides 
for greenigrm under rainfed conditions. Madras Agric. J. 63:461-464. 

RETHINAM, P., N. SANKARAN, S. SANKARAN, and Y. B. MORACHAN. 1976A. Studies 
on crop-weed competition in greengram under irrigated condition.
 

Madras Agric. J. 63:464-466. 



125 

RETHINAM, P. , N. SANKARAN, S. SANKARUIN, and Y. B. MO-IACIIAN. 1976B.
 
Efficiency of diffc'rent 
weed control methods in greenram. Madras
 
Agric. J. 03:467-461.
 

RETINAIIM, A. , P. RFTiI NAM, S. SAN} A1,%N, A. V. RAJAN, and Y. B. MRPACIIAN. 
1.974. Chemical woeo control in green gram (Phu%?oAuZ< a !lii' S Foxb.) . 
Madras A9i: : . J. ]. :'89-791. 

RFWAL, H. S., And P . S . B'DI. 10(76,. Epidmo]ology and control. of CciCUOS' O& 
leaf s:PoL n F 'munq' in the Punja,. Wrdian Phvtopath. 29.102-103. 

van RHEENEN, H. A. 
 19(,4. Preliminary study of natural cross-fertilization 
in mungcan, P00iN.. fu. Roxb. Netherlancds &. Agric. Sci. 12:260­
262. 

van RHEENEN, H. A. 1965. The inheritance of some characters in the mungbean,
 
P!1(a'L u (uL'LtW Roxh. Genetica 36:412-419. 

ROBERTS, W., and A. L. S. K. SINqHi. 1947. A Textbook of Punjab Agriculture. 
Civil and Mil. itary Gazetta, Ltd., Lahore. 

ROCHANAPU:IAMNAA, P. 1934. Changes in the chemical composition of sprouting
 
mungo s.eda . Univ. Philippince;, NaLuri] and Ap;].. Sci. Bull. 4(No. 2): 
127-139. 

RODRIWUEE, P. L. 1936. Protein supplements in poultry ra:ions. VIII.
 
S:udies to deermine the optimum amouit of mungo that mv be used in 
a 
normal ration for g-rowi~g chicks. Phili)pp.ine Agcic. 25: 541-549. 

RONNINK, B. M., A. Ht. KIIULMAN, H. W. CAVE, and W. D. GALIUP. 1953.
 
Munqbean fiaquc and scan in dai ry rations. Uk]a. Aqric. Fxpt. Sta.
 
Bull. h-03.
 

.
ROONW;"OUK, D. , CtI rT. IrA=', . KNAPP, and A. T'IEMTAIS(ONG. 1973. The 
effect of pIh t. aNd miaiathion an bean fly control and on yield of 
mungbean. Th. i. ,. Agri . S K 6:233-2R6.
 

ROSE, R. I., P. Z. , IA0,, and L. HLI T . 1':7 . Pests of grain legunes and 
their cntr,, iO w . 1 A-.7 1. S. R. Singh, H. F. Van Emden,IIA 
 5i 
and T. A. T'.lor (El i tor*). P',-t' of rain Legumes: Ecology and 
Cn trol. Ac,, emi. Pcrlv- f::sa n. 

RDUtlIY, T',, '1r of}P. 197P. 1 ation and use 1legumue seed inoculants. 
Plant an: Anil 1 2 :(75-7(1. 

SAHTI, S., and P. . P7,A. .. ..... . .. protein homology and elucidation of 
spei-tcrs; a:iiY in. 11aWKSt and QV0 spage ci es..t New I ly tol. 
71: 527-53..
 

SAHIII, S. K., and B. BEIIERA. 1"72. Note on cffect of -hizoLiWu= inoculation 
on cowpea , groundnut, an d greengram. Indian ,J. Agron. 17:359-360. 



126
 

SAINI, A. D., and K. DAS. 1979. Studies on growth and yield of three
 

mungbean (VLgna radL ta (L.) i1czek) cultivars. Indian J. Pl. 

Physiol. 22: 147-155.
 

SANDHU, H. S., G. S. GILL, and S. S. BRAR. 1976. Multiple cropping: Some
 

lessons. Indian Farming 26(3):7-8, 25.
 

SANDHU, T. S, 1978. Breeding for yellow mosaic virus resistance in mungbean.
 

Proc. 1st Internat. Mungbean Symp., Los Banos. pp. 176-179.
 

SA.NDHU, T. S., J. S. BRAR, H. S. SEKON, and R. S. MALHOTRA. 1978. Summer 

moong for additional production. Indian Farming 28(6):13-14. 

SAN MIGUEL, L. A. 1916. Testsand selectionsof mungo beans. The Philippine 

Agric. 5:164-179.
 

SANTOS, I. S. 1969. Induction of mutations in mungbean (Phaseout auteum 
Roxb.) and genetic study of some of the mutants. pp. 169-179. In 

Induced Mutations in Plants. E. Doyle (Editor). IAEA: Vienna. 

SM-121-120. 

SARAF, C. S., and R. DE. 1975. Intercropping with legumes. Indian J. 

Genet. Plant Breeding 35:209-215. 

SARAF, C. S., A. SINGH, and I. P. S. AHLAWAT. 1975. Intercropping of 

compatible crops with pigeon pea. Indian J. Genet. Plant Breeding. 

35: 248-252. 

SAROHA, M. S., and 0. P. GUPTA. 1972. A note on the evaluation of soil 

applied herbicides in Pht.eoftm am'eto (green gram) and Vigoa catjang 
(cowpea). Indian J. Weed Sci. 4:124-125. 

SAVITHRI, K. S., P. S. GANAPATHY, and S. K. SINHA. 1978. Fruit and seed 

development in mungbeans (Phaw.otus aWLetU6 Roxb.). J. Agric. Sci., 

Camb. 90:551-556. 

SAWA, M. 1973. On the interspecific hybridization between the adzuki bean,
 

Phassolums cuzquewtz (Willd.). W. F. Wight and the green gram, PhaSeol6 
rada.RYt L. I. Crossing between a cultivar of the green gram and a 

semi-wild relative of the adzuki bean, in endemic name "Bakaso." 

Jap. J. Hreeding 23:61-66. 

SAWA, M. 1974. On the interspecific hybridization between adzuki bean, 

Pu lneoaglani5 (wi lid.) . W. F. Wight and the green gram, Phaseotmw 
tacBLwtIL L. IT. On the characteristics of amphidiploid in C1 generation 

from the cross green gram x rice bean, Pouase01s catcatatu/ Roxb. 

Jap. J. Breeding 21:282-286. 

SAXENA, II. P. 197S. Pests of grain legumes and their control in India. 

pp. 15-23. In S. R. Singh, H. F. Van Emden, and T. A. Taylor (Editors). 

Pests of Grain Legumes, Ecology, and Control. Academic Press, London. 



127
 

SAXENA, M. C., and D. S. YADAV. 1975. Multiple cropping with short duration
 
pulses. Indian J. Genet. Pl. Breeding 35:194-208.
 

SCHILLER, J. M., and P. DOGKEAW. 1976. Influence of planting date on
 
rainfed mungbean and cowpea in northern Thailand. Thai. J. Agric. Sci.
 
9:199-220.
 

SCHMITTHENNER, A. F., H. A. J. HOITINK, and M. E. KROETZ. Halo
1971. 

blight limits Ohio production of mungbeans. Ohio Agric. Res. and
 
Develop. Center Report 56:58-60.
 

SEN, 	N. K., and A. K. GHOSII. 1959. Genetic studies in green gram.
 
Indian J. Genet. Plant Breed. 19:210-227.
 

SEN, N. K., and A. K. GIIOSII. 1960A. Interspecific hybridization between
 
Phaeo&tus all .L5 Roxb. (green gram) and Ph. ,InLJlgo L. (black gram).
 
Bull. Bot. Soc. Bengal 1.4:1-4.
 

SEN, 	 N. K., and A. K. GIIOS1I. 1960B. Studies on the tetraploids of six 
varieties of green gram. Proc. Nat. Inst. Sci.. 
India. 26B:291-299.
 

SEN, N. K., and A. S. N. MURTY. 1960. Effects of selection in tetraploid
 
green gram varieties. Euphytica 9:235-242.
 

SEN GUPTA, J. C., and D. J. MUKHERJI. 1949. Studies on the physiology of
 
growth and develoliment of muncg (PhaieofLa aLUtLtAW6 Roxb.) . (a) Effect 
of the time of sowing, (b) Vernalization and photoperiodism. 
Indian J. Agric, Sci. 19:207-251.
 

SEPSWASDI, P., and B. MOKSONGSEE. 1971. A study on the control of the 
beanfly (.e( j.cv(Ocq/wza p[a.Lc5co i Coq.) on mungbean. Kasikorn 44:289-293. 

SEVILLA-EUSEBIO, J., R. P. GONZALES, J. EUSEBIO, and P. ALCANTARA.A. F. 
1968. Studies on Philippine leguminous seeds as protein foods. II. 
Effect of heat on the biological value of munggo, paayap, tepilan, and 
kadyos beans. Philippine Agric. 52:218-232. 

SEVILLA-EUSEI3IO, J., J. C. MAMARIL, J. EUSEBIO, and R. GONZALES. 1968.A. R. 
Studies on Philippine Leguminous seeds as protein foods. I. Evaluation 
of protein quality in some local beans based on their amino acid 
patterns. Philippine Agric. 52:211-217. 

SHAHLARE, K. C., and S. P. RAYCIIAUD11URI. 1963. Mosaic disease of urid 
(PIULOSWL IIILLgIO L.). Indian Phytopath. 16: 316-318. 

SHARMA, B. M. 1972. Effect of dates of sowing, seed rates and spacings on 
the grain yield of black gram (Ph a0eot mungo) . Indian Agric. 16:13-16. 

SHARMA, B. M., and P. S. BLATNAGAR. 1978. Grow moong as catch crop. 
Indian Farming 28(3):15-16. 



128
 

SHARMA, 0. P., A. TIWARI, and S. N. KULKARNI. 1975. Effect of seed 

treatment with systemic and non-systemic fungicides on the control of 

(Pha eo.Lu actreus) caused by Rhzoctoia. solani.seedling blight of mung 


Indian Phytopath. 28: 114-115.
 

SHAR IA, R. P. R., 11. C. T}iAKUR, and H. M. SHARMA. 1978. In north Bihar 

Indian Farming 28(6):25.new crop sequences with pulses. 


SHERIFF, R. M., P.. RATIWNASWAMY, G. SELVAKUMART, A. ]RAGUPATHY, and R. H. 

Effect of bactorial inoculation For pulses cultivatedKRISHNAN. 197C. 

in Tamil Nadu. Madras Agric. j. 57:181-185.
 

R. RANDRA, S;.VUAYAKUMAR, and R. SREEKAUTARADIIYA.
SHIVASHANKAR, G., U. 
1974. Variability for cooking characteristics in a collection of green
 

.). J. Food Sci. and Tech. 11:232-233.
gram (PhaasnCtu aun ox 

SHOBIBANA, P. S. SANGAWAN, H. S. NAINAWATEE, and B. M. LAL. 1976. 

Chemical composition or some improved varieties of pulses. 

J. Food Sci. Tech. 13:49-51.
 

L. SINGH, and D. SIIARMA. 1973. Karyomorphology of
SHRIVASTAVA, M. P., 
different ecotypes of greengram (,hctu/gs atfte(6 Roxb.) . JNKVV Res. 
J. 7: 86-90].
 

1978. Inheritance of
SHUKLA, G. P., B. P. PANDYA, and D. P. SINGH. 

lndian J. Genet. Plant
resistance to yellow mosaic in mungbean. 


Breed. 38: 357-360.
 

SIMON, E. W , A. MINCHIN, M. M. McMENAIMN, and J. M. SMITH. 1976. The 

low temperature limit for seed germination. New Phytol. 77:301-311. 

SINGH, A., and R. B. L. B3HARDWAJ. 1075. Effect of irrigation and row
 

J. Agron. 20:185-187.spacing on su.uir moong. Indian 

M. R. AIHIUJA. PhaseoCtus sLtubOkbCZtLn Roxb.: ASINGH, B. V., ad 1977. 
to yellow mosaic virus for cultivated mung.source of rusistance 


Indian J. Genet. Plant. Breed. 37:130-132.
 

SINGH, C., jiJ B. S. YADAV. L978. Prioduction potential of mungbean and 

gaps limiting its productivity in India. Proc. 1st Internat. Mungbean 

Syrup., Los Banos. pp. 28-30. 

SINGH, D., and T. R. MEIITA. 1953. Inheritance of lobed leaf margin in mung 

(PlhL, tLU5 (11LQt1C5 L.) . Curr. Sci. 22: 348. 

SINGH, D., and P. N. PATEL. 1977. Studies on resistance in crops to 

bacterial diWsesen in India. VIII. Investigations on inheritance of 

leaf and yellow mosaic diseases and linkage,reactio-us:tie bacterial spot 

if any, with otior characters in mungbean. Indian Phytopath. 30:202­

206.
 



129
 

SINGH, D. P. 1979. 
 Know improved varieties of moong and urd. 
 Indian
 
Farmers Digest 7(6):25-28.
 

SINGH, D. P., 
K. R. VAIDYA, and D. D. BHATT. 
 1979. Gamma induced

variability for flowering and chlorophyll mutations in greengram.

Indian J. Aqric. Sci. 49:835-838.
 

SINGH, D. V., and R. R. SINGH. 1976. Chemical control of CeJcospowa leaf 
spot of greengrain. Indian Phytopath. 29:337-339.
 

SINGH, H. B., B. S. JOSHI, T.
and A. THOMAS. 1970. The Phlose0oelt group.
pp. 136-164. l1 P. Kachroo, and M. Arif (Editors). Pulse Crops ofIndia. Indian Council Agric. Res., New Delhi. 

SINGH, K. B. 1970. Mung can p2ay a vita] role in profitable farming.
Indian Farming 20(5) :5-6. 

SINGH, K. B., and R. P. JAIN. 1970. Heterosis in mungbean. Indian J. Genet. 
Plant Breed. 30: 251--260. 

SINGH], K. and JAIN.B., 1. P. 1971A. Combining ability for pod length
seed size in flmungbean. Indian J. Genet. 

and 
Plant Breed. 31:145-148.
 

SINGH, 
 K. B., and P. P. JAIN. 1971B. Analysis of diallel cross in Plu6eoluz
awtIAU Roxh. Theoret. Appl. Genet. 41:279-281.
 

SINGH, 
 K. B. , and R. S. MALHOTRA. 1970A. Estimates of genetic andenvironmental variability in mung (Pha.5 OeU5 atfteLu5 Roxb.). Madras 
Agric. 1. 57: 155-159. 

SINGH, K. B., arid R. S. MALIIOTRA. 1970B. Interrelationships between yield
components mungbean.and yield in Indian J. Genet. Plant. Breed. 

30:244-250.
 

SINGH, K. B., T. S. SANDHU, R. S. MALIIOTRA, and J. S. BRAR. 1977. "ML-5," 
a new moong. Indian Farniing 27 (No. 5) :7-8. 

SINGH, K. B., and J. K. SING11. 197o. Inheritance of black spot on seedcoats And r liny sLrfa71ce in muncibecan (Phasco[Es auAicWS Roxb.).
Indian J. !iered. 2:61-02. 

SINGH, K. K. , W. IIASAN, S. P. SING!!, and R. 1'RA2A1. 1975. Res ponse of moong
to graded lecvels of7 N and P. Indian J. Airon. 20: 187-188. 

SINGH, I. 1975. Blreeding pu ls'e crop vario,tic inter-o and multiple
cropping. Indian J. Genet. Plant Breedinq. 35: 22] -228. 

SINGH, L., D. S[IARrlM, and G. S. TOMAR. 1972. Jawahar-45, a versatile mungvariety for kharif season. Indian Farming 22(No. 1) :29. 



130
 

SINGH, M., J. S. KOLAR, and K. S. SANDHU. 1978. Crop-weed competition
 

studies in mungbean. Indian J. Agron. 23:377-378.
 

SINGH, M. K. 1973. Inheritance of seed coat color in Pha6eo&6 )Ladtat L. 

(Syn. P. aL&LCSLL- Roxb.). Part III. Proc. 60th Indian Sci. Congr. 

Assoc. pp. 321-322. 

SINGH, P., and S. D. CHOUBEY. 1971. Inoculation - a cheap source of 

nitrogen to legumes. Indian Farming 20(No. 10) :33-34. 

1971. Effect of some
SINGH, P., S. D. CIIOUBEY, and H. S. KUSHWAHA. 


herbicides and their doses on weed population and yield of mung
 

Indian J. Agron. 16:293-295.(PuzweoCto acUmeeuo). 


SINGH, P. P., V. P. NEMA, and P. K. KAUSHAL. 1972. A study of intercropping 

mung. Indian J. Agron. 17:294-296.sesamum with maize and 

Studies on the nodulation and nitrogen
SINGH, R., and T. P. MALL. 1974. 


fixation by infected leguminous plants. I. Effect of arhar mosaic 

virus on nitrogen value, nodulation, and nitrogen fixation by some 

pulse crops. Plant and Soil 41:279-286. 

SINGH, R. C., and A. S. FARODA. 1977. Effect of date of sowing on moong.
 

Indian J. Agron. 22:197-198.
 

R. SING11, and 0. S. TOMAR. 1973. Intercropping cotton with
SINGH, S., 

summer legumes in Punjab. Cotton Rev. 2(4):9-13. 

1977. Effect of rhizobia inoculation on nodulation and yield
SINGH, S. D. 

of moong (Vigia qadiL ta (L.) Wilczek). Annal Arid Zone 16:79-84. 

SINGH, S. G. 1965. Shinning mung No. 1 makes its mark in the Punjab.
 

Indian Farming 11(11) :19, 40. 

and S. LAL. 1975. Effect of storage period on viability of
SINGH, S. N., 

Seed Research 3:59-60.mungbean (P/ateCo.Lus =Leto Roxb.) seeds. 

SINGH, S. P. 1955. Tmproved varieties of pulse crops in Uttar Pradesh.
 

Agric. and Animal 1ush. 6(No. 2/3):58-60. 

EMDEN, and T. A. TAYLOR (Editors). 1978. Pests ofSINGH, S. R. , H. F. VAN 

grain legumes: Ecology and control. Academic Press, London. 

SINGH. 1.975. Effect of phosphorus andSINGH, T., S. K. AGARWAL, and K. P. 

nitrogen levels on the grain yield and protein content of moong 

(PhaSeowu s amtou Roxb.) varieties. Haryana Agric. Univ. J. Res. 

5:231-235.
 

SINGII, T. P., and R. S. MALIIOTRA. 1975. Crossing technique in mungbean
 

Curr. Sci. 44:64-65.
(Phia6eoltt attILQW, Roxb.). 



131
 

SINGH, T. P., and K. B. SINGH. 1970. Inheritance of clusters per node in
 
mungbean (Pha/e£otts atAPU6 Roxb.). Curr. Sci. 39:265. 

SINGH, T. P., and K. B. SINGII. 1971. Mode of inheritance and gene action
 
for yield and its components in PhiaseotuS amtewt. Canad. J. Genet.
 
Cytol. 14:517-525.
 

SINGH, T. P., and K. B. SINGH. 1972. Combining ability in mungbean.
 
Indian J. Genet. Plant Breed. 32:67-72. 

SINGH, T. P., and K. B. SINGH. 1973A. Association of grain yield and its
 
components in segregating populations of green-gram. Indian J. Genet.
 
Plant Breed. 33:112-117.
 

SINGH, T. P., and K. B. SINGH. 1973B. Combining ability for protein content
 
in mungbean. Indian J. Genet. Plant Breed. 33:430-435.
 

SINGH, T. P., and K. B. SINGH. 1974. Components of genetic variance and
 
dominance pattern for some quantitative traits in mungbean (PheO.tLt6 
aLULeCtO Roxh.). Zeitschrift fur Pflanzenzuchtung 71:233-242. 

SINGH, U., and P. SINGH. 1975. Colchicine induced amphidiploid between
 
mung (Pha~c, 0Q5 attkeiu Roxb.) and urd (Pha O.e mLultO L.) . Curr. Sci.
 
44:394-395.
 

SITIYOS, P., J. M. POEHLMAN, and 0. P. SEHGAL. 1979. Inheritance of
 
resistance to cucumber mosaic virus infection in mungbean. Crop Sci.
 
19:51-53.
 

SIVAPRAKASAM, K., K. PILLAYARSAMY, ARAJMANI, and C. K. S. RAJAGOPOLAN. 
1974. Evaluation of black gram (PhWcO.& pLtLn o L.) and green gram 
(P. a(uttUi Roxb.) varieties for resistance to yellow mosaic virus of 
green gram. Madras Aqric. J. 61:1021-1022. 

SOMAATMADJA, S., and T. SUTARMAN. 1978. Present status of mungbean breeding 
in Indonesia. Proc. 1st Internat. Mungbean Symp., Los Banos. pp. 230­
232. 

SONI, G. L., A. S. NARANG, and R. SINGH. 1975. Characterization of the
 
proteins from green-qram. Indian J. Agric. Sci. 45:249-253.
 

SORIA, J. A., and F. C. QUEBRAL. 1973. Occurrence and development of 
powdery mildew on monqo. Philippine Agric. 57:153-177. 

SOUTHGATE, B. J. 1978. The importance of the Bruchidae as pests of grain 
legumes, their distribution and control. pp. 219-229. In S. R. 
Singh, H. F. Van Emden, and T. A. Taylor (Editors). Pests of Grain 
Legumes: Ecology and Control. Academic Press, London. 



132
 

SREENIVAS, L., U. C. UPADHYAY, and R. T. WAROKAR. 1968. Phosphate 
manuring of mung (PhaSeo citCLU5) with and without farmyard manure 
and its after effect on the yield of unirrigated wheat (ThiCtUcwn 

.Indian J. Agron. 13:137-141. 

SRIVASTAVA, S. K. 1970. Know these elusive foes of pulse crops. Indian 

Farmers Digest 3(No. 3):15-17. 

STAPHORST, J. L., and B. W. STRIJDOM. 1976. Effect on rhizobia of
 

fungicides applied to leqtune seed. Phytophylactica 8:47-54. 

SU, C. Y. , S. P. KUNG, and R. .1. ROSE. 1976. Munqbean: Vgna a N;ta 

asparagus bean: Vtw. mequ.pedaUi; beanfly: Meeaplagromyza pha. eo.L 
Coquillett. Insecticide and Acaricide Tests. 11:53. 

SUBASINGHE, S. M. C., and R. W. FELLOWES. 1978. Recent trends in grain 

legumes pest research in Sri Lanka. pp. 37-4L. 1 L S. R. Singh, 

H. F. Van Emden, and T. A. Taylor (Editors). Pests of Grain Legumes: 
Ecology and Control. Academic Press, London. 

SUBBA RAO, N. S. 1975. Nitrogen gains by legumes and residual nitrogen 

left behind in the soil through hM=O.Lurn application. Indian J. 
Genet. Plant Breeding 35:236-238. 

SWINDELL, R. E., and J. M. POEIiLMAN. 1976. Heterosis in the mungbean 

(g.Lgjil mLadhta. (L.) Wilczek) . Tropa. Agric. (Trinidad) 53:25-30. 

SWINDELL, R. E., and J. M. POBULMAN. 1978. Inheritance of photoperiod 

response in munqbean (V.Aj1aa kad~ltal (L.) Wilczek). Eupbytica 27:325­
333. 

SWINDELL, R. E., E. E. WATT, and G. M. EVANS. 1973. A natural tetraploid
 

munqbean of suspected amphidiploid origin. J. Hered. 64:107. 

SYARIFUDDIN, A., S. PFI'ENI)Y, I. G. ISMAIL, and J. L. McINTOSH. 1974. 

Performance ol corn, peanut, mungbean, and soybean in monoculture and 

intercro) cmbinnations of corn and lequmes in dry season, 1973. Contr. 

Centr. Res. 1I:ct. Agric. , -ogor. 12:1-13. 

TALEKAR, N. S., and Y. C. KUO. 1979. Acetylene reduction (N2 -fixation) 

studies with mungbean. Internat. Inst. Trop. Agric., Trop. Grain
 
Legume Bull. 15:9-14. 

TALEKAR, N. S., E. M. LEE, and L. T. SUN. 1977. Absorption ard translocation 
of soil and Foliar applied lkC-carbofuran and 14C-phorate in soybean 
and mungbean seeds. J. Econ. Entomol. 70:685-688. 

TALENS, L. T. 1978. Mungbean viruses in the Philippines. I. Identity of 

a virus causing mottle in munbean. Philippines Phytopath. 14:58-62. 



133
 

TANAKA, M., D. TIANANUNKUL, T. C. LEE, and C. 0. CHICHESTER. 
 1975. A
 
simplified method for the quantitative determination of sucrose,
 
raffinose and stachyose in 
legume seeds. J. Food Sci. 40:1087-1088.
 

TANUSI, S., 
 T. KASAI, and S. KAWAMURA. 1972. Determination of
 
oligosaccharides in some edible legume seeds. J. Jap. Soc. Food
 
Nutr. 25:25-27. 

TAYLOR, A. S. 1966. Estudios sobre polen de Pho'eo.tu. Turrialba
 
16:7-14.
 

TAYLOR, T. A. 1978. Mcatuca tSt MtLL.t: An important pest of tropical
 
grain legumes. Ip. 193-200. In S. R. Singh, II.F. Van Emden, and
 
T. A. Taylor (Editors). Pests of Graii lcjumes: Ecology and Control. 
Academic Press, LIodon.
 

TIHAKUR, R. P., 
I. N. PAI'I L, and J. P. VERMA. 1977A. Studies on resistance 
in crops to baccerial diseases in India. XI. Genetic make-up of
 
mungbean di-ffrentia , of the races of bacterial 
leaf spot pathogen, 
XauthooIncas pbafli. . Indian Phytopa th. 30:217-221. 

TIIAKUR, R. 1., P. N. PATEI, and J. P. VERMA. 19771B. Genetical relationships 
be tween rea(c ions to bact.oria] Leaf spot, ye1 liow mosaic, and CeOtAO~pO0 
leaf spot dis;eses in munqbcan (i/'{uc{ tUdca ta). Euphytica 26:765-774. 

TIIANGARAJ, M., and.G. SOUIJDARAPANDIAN. J974. Effect of preelrgence
 
herb icides on the control of weeds in ireon qram (Phasco"uLc1Letts 
Roxb.) . Madras Agric. J. 61:787-78S. 

TIHAYER, R. 1H., and V. G. IL!LLER . 1949. Mungbeansas a poultry feed.
 
Oklahoma Aqric. Expt. Sta. Bull. 13336.
 

THiOMPSON, C. P., and J. C. HILLIER. 1942. Mungbeans as a protein
 
supp lement for growing and fattening swine. Okla. Agric. Expt. Sta.
 
Mimea. Cir. N-B].
 

THUY, TRAN-KIM. 1969. Culture of mungbean in Vietnam. 43 p. (mimeographed).
 

TIKOO, J. L,.,and I. K. JAIN. 1974. Mutation studies in mungbean. 
Mutation Breeding News Letter 3:10-11. 

TIWARI, A. S. 1978. Munqbean varietal requirements in relation to cropping
 
seasons in India. Proc. 1st Internat. Mungbean Symp., Los Banos. pp.
 
129-1131. 

TIWARI, A. S., and S. R&MANUJAM. 1976A. Combining ability and heterosis for
 
p)rotein and methionine contents in mungbean. Indian J. Genet. Pl.
 

Breed. 36:353-357.
 

TIWARI, A. S., and S. RAMANUJA.1. 1976B. Genetics of flowering response in
 
mungbean. Indian J. Genet. Pl. Breed. 36:418-419.
 

http:Pho'eo.tu


134
 

TOMAR, G. S., L. SINGII, and D. SHARMA. 1972. Effects of environment on
 

character correlation and heritability in greengram. SABRO Newsletter
 

4:49-52.
 

TOMLINSON, J., and J. S. PLAXICO. 1962. An economic analysis of mungbeans
 

as a crop for sandy soils of central Oklahoma. Oklahoma Agric. Expt.
 

Sta. Bull. B595.
 

TSIUNG, NG THAI. 1978. Responses of mungbean to sowing date in Sarawak. 

Proc. lsc Internat. Mungbean Syrup., Los Banus. pp. 101-106. 

TSOU, C. S., M. S. 11SU, S. T. TAN, and If. G. PARYK. 1979. The protein quality 

of mungbean and its improvement. Acta Horticulturae 93:279-287. 

TSOU, S. C. S., and M. S. HISU. 1978. The potential roles of mungbean as a 

diet component in Asia. Proc. ist Internat. Mungbean Symp. , Los Banos. 

pp. 40-45. 

TUCKER, B. B., and R. MATLOCK. 1969. Fertilizer use on mungbeans, cowpeas, 
and guar. Oklahoma State University Extension Facts No. 2224. 

UNITED NATIONS UNIVERSITY, WORdLD HUNGER PROGRAMME. 1979. Grain legumes: 

Processing and storage problems. Food and Nutrition Bull. 1(No. 2) :1-7. 

U.S. AGENCY FOR 1N-1T1ANTI]NAI1, DEVELOPMiENT. 1971. Food aain legumes as a 

major meansi of comixatting malnutrition in LDCs. USAID, Washington, D.C. 

Tech. Serio::; BLil . No. 5. 23 1. 

UNITED STATES IARTMEN'[' OF A.;ICULTURE. 1975. Mungbean culture and 

varieties. H.S. Dopt. Aric., Plant Protection Institute, Beltsville, 

MD. (1Proce.;sed) CA-NE-11. 4 p. 

UNITED STATES DE'AR'T'MEH'T OF AGRICULTURE. 1978. Table legumes, Ciccet, 
PThophoc~uys(. and Vi'[pa species. U.S. Dept. Agric., Southern Region, 

New Orleans, LA. 75 p. 

VAR44A, A. K., and N. S. S. RAO. 1975. Effect of different levels of soil 

moisture on growth, yield, and some physiological aspects of nodulation 

in green--grain. Indian J. Agric. Sci. 45:11-16. 

VARMA, B. K., and G. P. PANDEY. 1978. Treatment of stored green gram seed 

with edible oils for protection from C(oobutc[tt5 matCagZtuM, (Fabr.). 
Indian J. Agric. Sci. 4B:72-75. 

VARMA, J. P., 0. 1'. LA., and J. P1. SINGII. 1973. Occurrence and 

incidence of virus d.Lsc:,ises of moong and urid in Haryana. Indian 
Phytopath. 26:592-594. 

VARMA, M. P., and M. S. S. R. KANKE. 1969. Selection of intercrops for 

cotton in India. Experimental Agric. 5:223-230.
 

VAVILOV, N. I. 1951. The origin, variation, immunity, and breeding of
 

cultivated plants. (Translation by K. S. Chester). Chron. Bot. 13:1­

364.
 



135
 

VEERASWAMY, R., R. RAT[INASWAMY, and G. A. PALANISAMY. 
 1973. Genetic 
variability in somr quantitative characters of PhaseoCto atfte(Lu Roxb. 
Madras Agric. J. 60:1320-1322. 

VENKATARAMAN, L. V., and T. V. JAYA. 1976. Influence of germinated green­
gram and chickpea on growth of broilers. J. Food Sci. Tech. 13:13-16. 

VENKATARAMAN, S., and N. S. S. RAO. 1974. Strain variations of VONbOu= 
sj). (cowfp'e ,jrotiu ) front root of' hea1thy and-icitlesyellow mosaic virus

YMV) ijfected P,.0% aWuLts plants. Phytopath. ZeitschrLift 80:29-34. 

VENKAT RAO, S., R. LEELA, M. SWAMINATHAN, and H. A. B. PARPIA. 
 1964. The
 
nutritive value of the proteins of leguminous seeds. Indian J. Nutr.
 
Dietet. 1:304-321.
 

VENTURA, W., 
and 1. WATANABE. 1978. Growth inhibition due to continuous 
cropping of dryland rice and other crops. Soil Sci. Plant Nutr.
 
24: 375-389.
 

VERDCOURT, B. 1970. Studies in the Leguminosae-Papilionoideae for the
 
"Flora of Tropfcal East Africa": 
 IV. Kew Bulletin 24:507-569.
 

VERMA, S. N. P. 1971. Inher:ltance of photosensitivity in mungbean

(PhaS.co(tt clUtOUL Ro>xh.). 
 Mysore J. Aqric. Sci. 5:477-480.
 

VIDHYASEKARAN, P., 
 aitd D. KANDASAMY. 1972. Carbohydrate metabolism of 
PhazeStCu.' tuWL,5 i nfected with obligate and facul tative parasites. 
Indian Phytopath. 25:48-5. 

VIGNARAJAIl, U. 1978. Muqbean research and production in Sri Lanka. 
Proc . L tfntenat. Munqbean Sym ., Los Banos. pp. 9-11. 

VIJAYARAGJIAVAN, P. K., and P. R. SRINIVASAN. 1953. Essential amino acid
 
compns;:ition of some common 
Indian pul ses. J. Nutrition 51:261-271. 

VINCENT, J. M. 1970. 
 A manna] for the practical studies of the root 
nodule b.acteria. I.B.FP. ]tndbook No. 15. Blackwe1.l Scientific 
PublicaL ions. ]64 p. 

VIRMANI, S. S., K. R. SINHIl, and K. SINGII. 1976. Note on the screening of 
groet gram otImplanrmi a(ua i.it ye]low-mosaic virus disease in India. 
Indian I. Agric. Sui.. .6:243-245. 

VlSIINU-MNI';'THE. 1971. The belilnnLinqs of aqricu1ture, palaeobotanical 
evidence in Indria. pp. 3-30. In Joseph lutchinson (Editor).

Evolutinary Studies in World Crops. Cambkidqe Univ. Press,
 
Catbri!(go, En; land. 

VORA, A. B., and M. K. PAI'EL. 1975. Effect of heat treatment and GA 
feeding on seed ling growth of mung. Curr. Sci. 44:749-750.
 



136
 

WANG, HSI-HUA. 1978. Traditional utilization of mungbean starch. 
Proc. ]st Internat. Mungbean Syrp., Los Banos. pp. 79-82. 

WATT, E. E., and R. MARECIIAL. 1977. The differences between mung and urd 
beans. Trop. Grain Loqume Bull. 7:31-33. 

WATT, E. E., J. M. POEIILMAN, and B. G. CUMBIE. 1977. Origin and 

composition of: a texture layer on seeds of mungbean. Crop Sci. 
17:121-125. 

WELLES, C. G. 1924. Studies on a leaf spot of Phasceo~0 auA&W new to 
the Philippine Islands. Phytopath. 14:351-358. 

WEN, 	 D. Y. 1937. Studies on the production of soybean and mungbean 
sprouts. Lingman Sci. J. 16:627-628. 

WILLIAMS, F. J., J. S. GREWAL, and K. S. AMIN. 1968. Serious and new 
diseases of pulse crops in India in 1966. Plant Dis. Reporter 
52: 300-304.
 

WRENSILALL, C. L., L. A. MEKSONGSEE, A. SWATDITAT, and B. UDOMSAKUI. 1974. 
Mungbean flour preparation. Thai J. Agric. ScO. 7 (No. 1):37-48. 

YADAV, N. K., and S. R. VYAS. 1971. Response of root-nodule rhizobia to 
saline, alkaline, and acid conditions. Indian J. Agric. Sci. 41:875­
881. 

YANG, C. Y. 1977. Soybean rust in Eastern Hemisphere. pp. 22-33. In 

R. E. Ford and J. B. Sinclair (Editors). Rust of Soybean. INTSOY 
Series No. 12, Univ. Illinois, Urbana-Champaiqn. 

YANG, C. Y. 1978. Mun(bean diseases and control. Proc. 1st Internat. 
Mungbe,.n Symp. , Ios Banios. pp. 141-146. 

YAIIYA, A., K. AIAH, and M. YOUSOUF. 1975. The effect of ionizing 
radiations in mung (PhvCC(OLc5 a(AUOLQAL Roxb.). Pakistan J. Agric. 
Sci. 12:259-266. 

YOIIE, J. M., and J. M. POEIILMAN. 1972. Genetic var:iability in the 

munqbean. Vgna aclaata (f,.) Wilczek. Crop Sci. 12:461-464. 

YOHE, J. M., and J. M. PON, ILi1MAN. 1975. Regressions, correlations, and 

combining ability in munqbeans (Vcgna s'udiata (L.) WiIczek). Trop. 
Agric. (Trinidad) 52: 343-352. 

ZUKOVSKIJ, P. M. 1050. Cultivated plants and their wild relatives. 
(Translation by i. ,-. uldson, 1962). Commonwealth Agricultural 

Bureaux, Farnham Royal, England. p. 107. 


