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PREFACE

This bulletin describes the agronomic, economic and nutritional aspects

of the mungbean (Vigné radiata). It has been prepared as part of a program

to study Biological Nitrogen Fixation for Food Production in the Tropiés

and was sponsored in part by the Office of Agriculture of tﬁe United Statééx
Agency for International Development with the guidance of Dr. Lloyd R. |
Frederick.

It is also pért of a series of "State of the Arts" (SOTA) publications"
whose purpose is to supply information relevant to the tropics, serve as a’ ﬁ
guidance for developing countries in detecrmining priorities for research
and for training and planning purposes. Farmers in less developed countries
need integrated packayes 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 thi's 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 fer 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 Pérez
Director
Dept. of Agronomy & Soils
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 THE MUNGBEAN

INTRODUCTION

- The mungbean (Y{gna radiata (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 munghean 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 nadiata var. sublobata (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 carly 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 arcas, 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 (Vigna
mungo (L.) Hepper), a close relative of the mungbean, is cultivated in India,
Thailand, Australia, and other countries of southicastern 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 ol 28 to 30°C are optimum for sced germination and plant growth.
Flowering in mungbean is photoperiod and temperature sensitive being delayed
by long photoperiods and low temperatures. The mungbean grows best on a deep
loam or sandy loam soil. It is relatively drought tolerant, and is favored
by dry weather during pod ripening to facilitate secd harvest. A symbiotic
relationship exists hetween the mungbean plant and the cowpea type or cross-
inoculation group of soil rhizobia. Economic yields are frequently low,
resulting from low genetic yvield potential of the varieties grown, disease
and insect damage, unfavorable cultural practices, or a combination of these
fFactors. Mungbean is usually given lower priority than the cereals in
allocation of irrigation water or fertilizer, and cultural pract :es are
inferior to those 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 incerporated 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
flatulence. Protein content of seeds averages around 22 to 24 percent.
Mungbean protein is comparatively rich in lysine, an amino acid deficient
in cereal grains, and doficient in methiomine, cystine, and cysteine, amino
acids found abundantly in ceveal grains. A diet combining mungbeans and
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
rapidly in the past 10 to 15 years. Currently, research on mungbean is
conducted cxtensively in India and the Philippines and at the Aslan Vegetable
Research and Development Center (AVRDC) in Taiwan. An International Mungbean
Nursery started in 1972 at the University of Missouri, Columbia, has, since
1976, been distributed and coordinated through AVRDC. The First International
Mungbean Symposium, during which ecurrent rescarch results on mungbean were
presented, was held at Los Banos, Philippines, in 1977. Nitrogen fixation
is being studied at the University of llewaii, Nitrogen Fixation of Tropical
Agricultural Legumes (NifTAL) project. The mungbean is used extensively in
biochemical studics of c¢nzymes, hormones, growth regulators, and various
plant metabolic processcs. There has been no major production research
breakthrough with mungbean such as occurred with the dwarf cercals. Yield
increases in the future will most probably come through a combination of
small advances in several production inputs. Increased extension efforts
must go hand in hand with the advances from research if farmers are to
benefit from the new technology.



IT ECONOMIC IMPORTANCE

The mungbean is a leguminous species, or pulse crop, grown principally
for its edible secds. The pualse crops, in addition to mungbeans, include
several specics of legumes with edible sceds, such as garden and dry beans
(Phaseolus valgands L.), lima or bucterbeans (P, funatus L.), broad bean
(V.iedla 5aba L.), garden pea (Pisum sativum Li.), chickpea (Clcer awietinum L.),
lentil (Lens cudinands Medik.), pigeon pea (Cajanus cafan (L.) Huth), cowpea
(Vigna ungudenlata (L.) walp.), blackgram (Vigna muwnge Hepper), adanki bean
(V.('.gua mlg(LF(l‘u'.S (Willd.) Ohwi und Ohiishi) , and others of lesser importance.,
Mungbeans and « ther pulses are also veforred Lo as qgrain legumes, although
the latter toer usually encompasses a wider range of species, including
soybeans (GCycure max (1,.) Merr.) and peanuts  (Arachds hypogaea L.), which
Are grown principally oo ol 1seed crops.,

The pulse crops hove traditionally provided an economical source of
vegetable protein rood.  The largest production and consumption of the pulses
occur in those countrics or reagions where the economy does not support large
scale production of animal protein, or with those people who prefer a vegetable
protein in their dict for cultural or cconumie reasons.  Because Pulses supply
@ cheaper source of protein than animal products, about 80% of the pulse
production is in the developing countries. but the current high market price
of mungbean in the Philippines and other Southeast Asian countries is changing
the image of mungbean as the "poor man's" moeat.

World Production

There are no official statistics on the world production of mungbeans.
According to the "FAO Production Yearbook for 1978," (Food and Agriculture
Organization, 1979) the world total area planted to pulses is 82.9 million
hectares (ha) with production of 60 million metric tons (m.t.). In the FAQ
compi lation of statistics, mungbean production is included under "dry beans.
In 1978, the arca planted to dry beans was 29.6 million ha with production of
L7.2 millicn m.t. The FAO dry bean classification includes "Phaseolus vulgaris
P. Cunatus, P. nadiata, P. mungo, and Pooangufan (8. (The threc latter species
are currently classified in the genus (’(g;m.) The proportion of the area
planted to dry beans that is occupicd by mungbean is not reported. Sovbean
and peanuts are not included in the FAO pulse production statistics. Mungbeang
are often planted after cerecals For home consumption, or grown as garden crops,
and some of the acreage or production for these purjposes may have been omitted
in compiling official FAO statistice.

Information collected from various sources on mungbean production in the
most important mungbean producing couniries, is summarized in Table 1. From
the data available, world mungbean production is estimated to be around 1.2
millirn m.t., harvested from 3.0 million ha. This production of mungkean

’



Table 1. Mungbean Production in Selected Countries.
Country Year® Area Seed Yield Production Source
ha kg/ha m.t.

. b b
Australia 1978~79 5,922 380 2,250 Lawn (personal correspondence, 1980)
Bangladesch 1970-75 15,204 663 10,081 Islam (1978)
Burma 1975 108,540 439 47,6706 Hag (1977)
India 1977 1,940,000 309 600,000 Tiwari (1978)
Indonesia 1976 147,449 468 68,271 Soamaatmadija and Sutarman (1978)
Iran 1977 27,500 550 15,129 Amirshanhi (1978)
Japan 100 100 1,000 Konno and Narikawa (1978)
Kenvya 1979 9,934 450 4,470 Waite (versonal correspondence, 1980)
Korea 1979 6,212 891 5,524 Hong (personal correspondence, 1980)
Malaysia, West 1973 70 450 32 2bubakar, Haron, and Aziz (1978)
Pakistan 1974-75 70,000 429 30,000 ¥han and Shakcor (1977)
Philippines 1975 39,320 550 21,617 Catedral and Lantican (1978)
Sri Lanka 1976 8,340 544 4,540 Vignarajah (1973)
Taiwan 1975 4,300 660 2,840 Calkins (1978)
Thailand 1977-78 435,153b 474 206,131 Nalampang (personal correspondence, 1980)
U.S.A. 1974 1,835 Oklahoma, 1974 Census of Agriculture
Vietnam (South) 1967 30,560 650 19,920 Thuy (1969)

a . . .
The latest year for which production figures

bIncludes mungbeans and blackgram.

are available is used.



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
production of cowpea or lentil.

The major mungbean production area is southern and sontheastern Asia,
from Iran eastward through Pakistan, India, Bangladesh, Burma, Thailand,
Philippines, and Indonesia.  Four countrics in this arc--India, Burma,
Thailand, and Indonesia--produce almost 90% of the recorded world production.
Estimates are not available on production in China, U.S.S.R., several countries
of southeast Asia and adjacent Pacific Islands, the Middle East, Russia,
Central and South America, or Africa except for Kenya. oOutside of Asia
munglbeans are exported from Peru, Kenya, and other ecast African countries.
They are freguently found in local markets in African and Caribbean countries
where orient.] people are living. They may be grown, also, as garden crops
in many oI these countrics.

Production by Countries or Regions

Australia:  Mungbean is grown in areas of marginal summer rainfall in New
south Wales and Queensland (Lawn, 1978). It is a minor crop, only 300 ha were
planted in 1971-72, but the total arca planted to mungbean and blackgram
increased to 15,350 ha in 1977-789. The increcase resulted from a search for
alternative crops to diversi fy Australian aqgricul ture, the high world demand
for high protein food and feadstuffs, and the pconomy of growing a crop
which does not require nitrogen fertilizer (Bott and Kingston, 1976; Lawn
and Russell, 1978).  In 1978-79, planting was hindered by deficient rainfall
and prices were lower, oo the area planted dropped to 5,922 ha (Lawn, personal
communication).  Blackgrom produces higher vields than mungbean in Australia.

Bangladesh:  The pulses rank third after rice and jute in area planted.
Muagbean accounts for only 5% of the bulse acreage and blackgram occupies
6% (Tslam, 1978). Although tavored for its dquality, acreage of mungbean
is limited by its susceptibility to water-logging., It is generally planted
after paddy rice.

Buarma:  barma is the fourth ranking country in production of mungbean
with 108.5 thousand ha (Hag, 1977). Amony the pulses grown i1n Buorma, mungbean
ranks third, after chickpea and lima bean, occupying 14% of the arca pranted.
Blackgram is planted on 29 thousand ha.  Both mungbean and blackgram are
grown after rice, often beoing Lroadcast before the rice is harvested.

Mungbean is o grown both for domestic nse and cexport.

India:  India is the world's leading country in production with 1.9
million ha (Tiwari, 1978). Tn india, mungbean ranks third among the pulse
crops, after chickpea and pipeonpea (C. Singh and Yadav, 1978) . Mungbean is
cualtivated in all of the states of India, but laryest vroduction is in Orissa,
Maharashtva, and Andhra Pradesh (H. . Singh, Joshi, and Thomas, 1970) . Due
to the diversity in lacal environments, the crop omay be grown in oany month
of the year In one arca or another. The major production comes from mungbean
planted after rvice and grown on residual moisture after the rice harvest.
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Multiple cropping with mungbean during the summer scason (March to May) is
increasing as new carly maturing varieties arve developed and more ivrigation
water becomes available. The crop is grown principally for domestic usc.

_I‘I_L(_]‘(_‘g_l.}_(:"_.f_s*]‘;_\;}_: Mungbean production increased 00% between 1909 and 1976,
and it now ranks third among the grain legumes qgrown in Indonesia (Somaatmadia
and Sutarman, 1978). As a country Indonesia ranks third in production.
Mungbean is yrown for domestic use, much of it being consumed in the form of

"porridge."

Iran: Mungbean ranks fifth among the food legumes in Iran, with an
estimated area of 25 to 30 thousand ha in production (Amirvshahi, 1978).
Mungbean is cultivated on the Central Plateau, and in the southeastern and
southwestern areas of Iran. Mungbean is grown in small fields for domestic
use, particularly among low income people, who calt it with vegetables and rice.

Japan:  Production is insignificant despite a strong market demand.  Use
is dependent upon imports from Thailand and Burma, which are consumed mostly
as bean sprouts (Konno and Narikawa, 1978). Blackgram is preflerrcd to mungbear
for bean sprouts in Japan.

Kenya: Mungbeans are produced for domestic use and export (Acland, 1971).
Estimates of ared planted and production were oblained through provincial
officers in four provinces where mungbean production is most important.

Kenya is an import.ant source of U.S. imports.

Korea: Mungbean is a minoy crop in Korea, the araca planted being only
2.5% of that planted to soybeans. Mungbeans usually follow barley or wheat
in the cropping system.

Malaysia: Although mungbean is generally avalilable in local markets,
traditionally they have been imported, and production is negliqible in both
West- and Fast Malaysia (Abubaker, Haron, and Aziz, 1978; Tsiung, 1978).

Middle Fast: There are no available estimates on mungbean production
in the Middle East, although mungbean is grown in Trag and other countries
for domestic use, and records show importation by the U.S.A. from Turkey.

Pakistan:  Mungbean ranks third amona pulse crops in Takistan after

chickpea and pea, but occupies only 5% of the teotal area planted Lo pulses,
compared to 5% for chickpeas (Khan and Shakoor, 1977) . Mungbean is usually
grown as a summer crop (February to June), but may be grown as a rainy season

crop {(July to Novomber).  The production is for domestic usc.

Peru: Mungbean is a commercial crop in the Northwest Coastal area. No

production statistics are available. Peru is o major source of U.S. imports.

Philippines: Mungbean is o favored pulse crop in the Philippines.
Production has been relatively constant in recent vears, but is insufficient
to meet domestic needs (Palo, 1974; Calkins, 1978). Tt is usually planted

as a dry land crop following rice.



§£1_*L~a-n~}__a_ Mungbean is the preferred legume in the national diet but
it has taken second place in cultivation to cowpea due to diseases and low
yield (Vignarajah, 1978). Market demand is not met by local production
(Fernando, 1974). Efforts are being made to increase domestic production
and reduce imports, Blackgram has increased in production, along with cowpea.

Tadwan:  Mungbean is a miner crop in Paiwan, but demand ie high with 80%
of the consumption being met by imports (Park, 1977: Calkins, 1978). The
mungbean is grown in an intensive multiple cropping system, usually in spring
(March to Mav) before rice. Mungbean is & poor competitor with other crops

due to the instability or vields.,

arland:  Thailand ranks sccond in production of mungbean after India.
Munabear iz the ma or bulse crop in Thailand. The arca planted increasecd
from 37 to 425 (housand hectores between 1961 and 1977-78 (Nalampang, 1974;
L978) . Over 60% of the mungbeans are produced in Four provinces in the
Northern and cContral Regions (Bhumi ratana, 1978). Current reports combine
mungboan and blackgram in production statistics., About one-third of the
production is cxported, making Thailand thoe Major exporter of mungbean and
blackgram.,  The Crop IS grown in throe seasons: () carly scason (April to
May) with first monsoon radns, (b)Y end or rainy scason (Septemboer to October)
after corn in up land areas, and (0) after rice (January to February) in low-
Land areas.  Ahour two-thirds or the production is from thoe September-October

plantings,

U.s.A.: Prodaction is in tne states of Oklahoma and Texas. The Oklahoma
Crop and Livestock Reporving Service has discontinued making estimates of
production, but the 1974 Census of Agriculture lists 1,835 ha harvested in
Oklahoma in thuat vear. The Jquantity produced is not reported.

Vietnam: Tnformation is available only from South Vietnam beforae
reunification. ‘There, mungbean was the major bulse crop with cultivation
principally in the Southern Lowland Reqgion, with leusser production in the
Central Lowlunds and the Cont ral Highlands (Thuy, 1969) .

Other: Although sceldom reported, mungbean is grown in several areas of
Africa. Bxports to the U.S.A. in recent years have been received from Kenya,
Malawi, South Africa, and other countrics. The mungbean was probably
introduced to Africg by Oricntal immigrants. Tn the Carribean area, munghbeans
are sometimes grown as qgacden crons,

Eroduction fov Local Markets and Export

Most mungboeans porroducod in southeast Asia are produced for home
consumption on for locoa]l marhets. Because vields are generally low and
unstable, luctnating widely from season to season with fluctuations in
the moiature supplyoand other production factors, market supply and price
also varye  While g oo may receive only minor consideration in deciding
size of plontinags for home consumption, it is important in determining the
amount ol commercial production -4 the production inputs that will be
expended in efforts to obtain higner yields. BExpansion of the mungbean
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crop in Australia from 1735 ha in 1974-75 to 15,350 ha in 1977-78 was
checked in 1979 by low yields due to low summer rainfall and by low prices.

Thailand is the major munagbean exporting country in Southeast Asia.
Although sccond to India in production, domestic consumption is much smaller.
Exports in 1976 werce 49,800 m.t. of mungbean and 30,600 m.t. of blackgram
(Nalampang, 1978). Most of the mungbean exports go to Japan, Taiwan,
Philippines, Malaysia, and Sinaapore, but significant quantities go to
Furope and North America in addition. Blackgram exports go almost entirely
to Japan. Due to the strong foreiqgn market demand, the farm price in
Thailand for mungbean increased from 5177 (U S.)/m.t. in 1975 to $352 in
1976. With the higher farm price, the area plunted to mungbean and black-
gram in Thailand nearly doubled from 1976-77 to 1977-78. Export prices
remained high, being $350 to $100 (U.5.)/m.t. for mungbean, and $150
(U.S.)/m. . for blackgram (Halampang, personal correspondence, 1980).

About. 75% of the mungbeans used in the U.S.A. are imported. The
originating country and the quantity of imports for the years 1977~ 78
and 1978-79 are listed in Table 2. Major imports were received from
Australia, Peru, RKenya, and Thailand. The cost of the mungbeans imported
averaged $671/m.t. in 1978 and $587 in 1979 (U.S.D.A., Foreign Agricultural
Service, personal correspondence).

Table 2. Imports of Mungbean into the United States.

Country of Quantity Importeda
Origin 1977-78 1978~79
m. t. m,t.
Australia 36 688
China, Peoples Republic 41 12
Hong Kong 22 3
India 66 5+
Kenya 279 +310
Malawi - 41 w3
Peru o , 310 1361
Sri Lanka , 0 10 ‘
South Africa, Republic of 0 6.
Taiwan o 1l 19
Thailand 202 236
Tuckey 0 10
Other 15 65
Total 1013 1728

a . . . \ . N
United States Department of Agriculture, Forelgn Agricultural Service.



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 factors: (@) low genetic potential in native varieties,
(b) vield fluctuations due to drought and fleods, (¢) losses from disease and
insect pests, and (d) poor cultural practices. Because yields fluctuate
widely, cultural procedures requiring even moderate investments of labor or
capital are practiced infrequently, thus contributing to the vulnerability
of mungbean to succumb to unfavorable natural hazards.  Throughout much of
Southeast Asia, mungbean is usually planted at the end of the monsoon
season, following the harvest of paddy rice, and left to grow on soil
largely exhausted of jts fertility and moisture. Only minor control of
weeds, discases, or insects is normally practiced.

A study was made of the economics of Asian mungbean production in

Thailand, the Philippines, and Taiwan (Calkins, 1978). The comparative
production costs per hectare for the threc arcas are given in Table 3.

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

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 return (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% 66%

Matorials (seed, fertilizer, etc.) 22% 24% 13%

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

“Adapted from calkins (1978).

Climatic conditions were similar for the threc areas. In Thailand, mungbean
in 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 large and labor requi rement per hectare is low, compared to
the other locations. vield is low due to a low level of production inputs.
In Taiwan, most mungbean is grown during the hot-dry secason (March to May)
ahead of the monsoon rains. The crop requires irrigation and has a high
labor requirement. 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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generally planted in December after lowland rice. Field size, labor
requirement, and yield were intermediate to the Thailand and Taiwan
locations. The net return from mungbean (yross income less cash
expenditures) was lowest in Thailand, where yields were lowest, and
highest in Taiwan where yields were highest.

The major production expense in Thai Land and Taiwan was for labor,
requiring 58¢ and 66%, respectively, of the total expenditures.  OfF the
labor costs, harvesting was the most expensive single operal ion. Although
both the amount ol labor requiived to grow the orop ang the wage rates
were highier in Taiwan, they were otrset by o higher yiceld.  Labor costs
were proportionately lower in the Philippines, but this was ol fset by
higher capital cxpenditure. The cost of seed and fertilizer was similar
At the three locations. The study suggests thot improvenent of production
practices in Thailand to obtain higher yields would Increase retamns, if
Tabor costs can be maintained at the low level veported in the study. It
is of interost that the net return paer hour of 1abor worked is higher in
o land than in Taiwan.  In the Philippines, whore mungbe an 15 grown under
conditions comparable to the case studice veported, dnprovement in tech-
noltogy to increase yield and Feduction in cost of capital would provide
higher retnrns.  Ion Talwan, due o the small farm size, high returns per
unit of land is more important than high cetwm per unit of lLabor, hence

2 high production technology Qs eusential,

In Thatitiand, the Philippines, and Taiwan, where the above study was
made, ficlds are small and production practices are not highly mechantized.
In Oklahowi, U.5.A., mungbean is grown with Nighly mechanized cultural
practices, including combine harvesting.  In oan cconomic analysis of
mungbean product ion in Gklahoma, fiee cost and returns for growing mungbean
in a double cropping system with wheal was compared with growing wheat
alone (Tomlinson and Plaxico, | 962) . Por the period studied, the return
Ffor land, l.abor, and manogeuent was cnsentially double 1Tor a combined crop
of wheat and murabean as for growing wheat alone. The production ol munghbean
provided a return from the Tomd additional to that obtained from gqrowing only
wheat. Additional costs included Tabor, machine operation, and geod for
growing the mungbean.  HNo additional machinery was needed since mungbean 1is
planted aud harvested with the same machinery used for wheat.  Ho alternative
use for the land was considered it munoabean was not planted.  Currvently
mungbean conpetes with soybeans, o high income crop, for a place in the
rotation.

An important need in all production arcas is Lo find a production
technology that will give more stable viclds and reduce risks assoclated
with the erratic production of mungbean. This will requive breeding of
improved varieties, tillage practices to obtain uni form stands, cultural
practices to reduce losses from drought , iaproved fertility programs,
utilization of efficiont streins of yhizobia, and reduction of loss f1rom
discasces and inseots.  Uniform maturity to veduec the tahor requirement
for harvesting would make mungboan o more proficabhle crop to grow. Another
need is the development of an efficient market system to handle mungbean
grown in gquantities above that needed for local home consumption. The
losses incurred in farm storage often impel farmers to sell at harvest
time at reduced prices.
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III HISTORY, CLASSIFICATION, AND DESCRIPTION

Historz

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, 1951). Production in ancient times has
been verified by discovery of carbonized grains in a Chalcolichic site in
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 precedod by peas, lentils, lathyrus, chickpea, and others.

De Candole (1886) pointed to the use of several vernacular names for mung-
bean in India as evidence of cultivation for one- to two-thousand years.
Mungbean has not been found growing wild (éukovskij, 1950), vet it has
been cultivated in all states of India, Burma, Ceylon, Iran, China, and
castern regions of the Sovict Union since carly times. PFrom Asia, mungbean
was carried by carly Oricntal immigrants or traders into the Middle East,
the Pacific Isluands, Australia, East Africa, and the Americas. Outside of
Asia, there has been only limited cultivation 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
Vigna radiata (L.) Wilczek, and for blackgram, a close relative, Vdgna mungo
(L.) Hepper (Verdcourt, 1970). Nomenclature of the species has been
confusing. The names Phaseolus hadi{atus L. and P. awieus Roxb. have been
used extensively for mungbean and P. mungo L. for blackgram. In recent years
taxonomists reexamined the distinction between the genera Phaseofus 1. and
Vigna Savi which was based on the degree that the beak of the keel was
incurved. New evidence sugqgested that certain old world species placed in
Phaseolus by this criterion were more closely related to species of Vigna
than to the new world species of Phascolus. This led to a change in the
taxon of mungbean, blackgram and other related Asiatic species {ormerly
classified in Phasecolus L. to Vigna Savi (Verdcourt, 1970). The change
has been supported by pollen grain studics (Taylor, 1966), electrophoresis
studies on sced proteins (Sahai and Rana, 1977), and scrological evidence
(Kloz, 1971; Chrispeels and RBaumgartner, 1978).

While accepting the taxon of Wilczek for munabean and Hepper for

blackgram, Verdcourt (1970) recommended three subspecies designations
for Vigna radiata as follows:

11
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Vigna radiata (L.) Wilczek
var. aadiata (for mungbcan)
var. subfebata (Roxb.) verdce. (formerly Phaseolus sublobatus Roxb.,
P. trineavins Wight and Arn.)
var. glabra (Roxb.) Verde. (formerly P. glabert Roxb.)
The change in taxon of mmgbean and velated specles from Phaseofus to V,ana
has been adopted by the United States Department of Agriculture (Gunn, 1973).

Both mungbean and blackgram have many common names, (Chatterjee and
Randhawa, 1952; International Seed Testing Association, 1968). Foo mungbean
these include mung, moong, mondgo, mungo, and groengram; for blackgram, uvrd,
urid, mash, and mungo. Mungbean and blackgram, are often referved to as the
Asian grams.

Description of Mungbean (Vigina radiata (L.) Wilczek)

The mungbcan is an annual, semi-erect to crect or gsometimes twining
deep-rooted herb, 25 to 100 cm tall (Hooker, 1879; Prain, 1903; Tiper and
Morse . 1914; Ochse and van den Brink, 193L; Backer and van den Brink, 1963;
Purseglove, 1974; Brouk, 1975). The stems are branching from the base and
covered with short fine brownish hairs. The leaves are alternate and
trifoliate, ovr sometimes with five leaflets. Leallets arce medium to dark
green, broadly ovate, sometimes lobed, rounded at the basc and pointed at
the apex, 5 to 12 oom long, and 2 to 10 cm wide. IPFrom 10 to 25 flowers are
borne in axillary clusters or racemes. The tlowers ave gqreenish to bright
vellow, with a grey tinged keel, 1 to 1.75 cm in diameter. The seed pods,
which radiate horizontally in whorls, ave cylindvical, straight to strongly
curved, and pointed at the tip.  When mature, the pods ave glabrous or have
short hairs, tawny brown to black, 5 to 14 om long, and d oto 6 mm wide.
Seeds, borne o to 20 per pod, are nearly vound to oblong; glossy or dull;
with green, yellow, tawny brown, black, or mottled testae. Dull seecds are
coated with a layer of the pod inner membrine which may be transtucid or
pigmented (Watt, bociihman, and Cumbic, 1977). 1t translucid, the sced
color is determined by the color of the testa underncath. The testa is
reticulated with numerous fine wavy ridges and cross walls (Bose, 1932A7;
Wwatt and Marechal, 1977). Seeds weigh 15 to 85 mag, averaqging 25 to 30,000
seeds per kg. The hilum is vound, flat, and white. Pods may bursc open
when dry, shattering the sceds.  Sced germination is epigeal.,  Plowers are
self-fertile and highly selt-pollinated. Flowering is indeterminate and
continues over a period of several weeks it the plant stays healthy. Pods
mature about 20 days after tlowering. Rapid senescence does not occur.

The blackgram is an annual, semi-crect to spreading herb, 25 to 90 cm
tall (Piper and Morse, 1914; Bose, 1932B; Pursceqlove, 1974) . Stems are
diffuse, branching, sometimes procumbent, and covered with lony, dense,
brown hairs. Leaves are trifoliate, hairy, with larqge ovate to laceolate,
entire, leaflets. T[Flowers are pale yellow, 12 to 15 mm in width, with a
vellow spirally coiled keel. The flowers are borne in clusters of 5 to 6
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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; oblong; black, dark brown, or green. The testa is smooth and
the hilum white and concave. Germination is epigeal. Pods do not shatter
readily. I"lowers are selfl-fertile and self-pollinated. FPFlowering is
indeterminate.

Differences Between Mungbean and Blackgram

The taxonemic distinction between the Asian grams, mungbean and black-
gram, is still being studied. Tn Asia where the mungbean and blackgram has
been grown most extensively, they have long been considered to be separate
specles.  But some taxonomists have questioned the distinctiveness of the
two groups.  Vordeourt (1970) noted that Lhey are "scarcely move than
variants of bthe same Species,”  Rachie and ober ts (1974) in discussing the
grain legumes o1 the lowland tropics considered mungbean and blackgram to
be subspecieos of Ufgua rad{ata, var. aurens for manabean, and var, mungo
for blackgram.  Combining these taxons does not receive support from most
researchevs working with the Asian grams.

Morphological distinctions between mungbean and blackgram were given in
the above descriptions. In addition to movphological evidence supporting
separate specles, difforences have been revorted from phytochemical and
genetic studies.  The chemotaxonomic distinction is basod on seeds of UV,
wdiata and the wild subsvecios, V. sadd{ata var. sublobata, containing a
free dipeptide, y-alutanvi=S-methyleystoine, which in U, maige 1s replaced
by y-alutamylmethionine (Otoul ot al., 1979%). In cytogenetic studies of the
two spocies, Dana (1966A) roports that the Lwo spoecies have o common genome
designation, but tle My ptants of crosses between the species have a high
proportion of sterility, suguesting the presence of a partial incompatibility
barrier serarating the two specics. Bhatiager et al. (1974) report mungbean
to have four pairs long and seven pairvs medium=length chromosomnes, and
blackgram to have one pair long, sis pairs medium, and four pairs short
chromosomes.  Mungbean and blackaram are partially cross-fertile when
mungbean is ased as the remale parent.

In this publication mungbean and blackgram will be treated as separate
species.  References to and comparisons between the species will be made
frequently since cultural practices and utilization are similar, and the
two specles are competitive for a place in the cropping system and in the
market place.



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 mungbcan are
photoperiod, temperature, precipitation, and solar radiation. Conditions
such as windstorms and hail can be locally destructive. High hunidity may
foster development of foliage discases. Although the influcences of climatic
factors arc 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.

Phetoperiod

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 Mukheriji, 1949; Bashandi and Poehlman, 1974; Aggarwal and Poehlman,
1977; Rawson and Craven, 1979). The photoperiod response restricts the
latitude at which mungbean may be grown and the adaptation of varieties at
particular latitudes. As mungbean is moved nerth, or south, from the
cquator, 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 photoperiods of 12 to 13 hours, flowering is
progressively delayed as the photoperiod is extended. The amount of delay
will be affected by (@) the length of the photoperiod, and (b) the genetic
response of the mungbean strain. As the photoperiod is lengthencd from 12
to 16 hours, flowering in some short-scason, early strains may be delayed
only a few days, but photoperiod scensitive strains may be delayed as much
as 30 to 40 days. In long photoperiods some straing may even fail to flower
(Bashandi and Pochlman, 1974). Generally, a higher mean temperature will
hasten flowering, or a lower mean temperature will delay flowering, at all
photoperiods, but this relationship does not hold for all strains of mungbean
(Aggarwal and Pochlwan, 1977; Rawson and Craven, 1979).

At the Asian Vegetable Rescarch and Development Center (AVRDC) in
Taiwan, 1,273 mungbean accessions were screened for their photoperiod
responsc by comparing the days-to-flowering in 12- and 16-hour days.
Screening was done by planting the accessions in the field in March
prior to the vernal ciuinox and comparing one planting exposed to natural
daylength, which averaged about 12 hours, with & second planting given
four hours of supplemental lighting to increase the photoperiod to 16
hours (MacKenzie ct al., 1975). 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. 1In 18% of the accessions, flowering
in the longer Photoperiod was delayed by more than 10 days, indicating
moderate photoperiod sensitivity. Thirty-two percent did not flower at

16 hours indicating extireme photoperiod sensitivity. Four percent. did not
flower at cither 12 or 16 hours for an unknown reason. Strains with low
photoperiod sensitivity are desired where mungbean is planted as a short
duration crop in o multiple cropping rotation, or for planting in different
Seasons.  When grown as a long duration crop, strains with low Photoperiod
sensitivity may mature too carly for production of maximum yield. At
higher Jatitudes, photoperiod sensitive strains may flower too late to
ripen a full harvest within the growing scason, or may even fail to flower
before frost occurs.

Temperature

Mungbean is a warm season crop, and will grow within a mean temperature
range of about 20 to 40°C. Tt is sensitive to low temperatures and is
killed by frost. Carefully documented information on the minimum/optimum/
maximum temperatures for mungbean growth is scarce. From observations of
the Tnternational Mungbean Nurseries, Pochlman (1974) suggested that mean
temperatures of 20 te 22°¢ may be the minimum For productive growth, with
mean temperatures in the cange ol 28 o 30°C being optimum,

Mungbean ig adversely affected by low temperatures being subject to both
chilling and frost injury. rLggarwal and Pochlman (1977) noted that mungbean
plants grown in an 18°C mean temperature were stunted, developed lesions, and
were generally unthritfty or even diced. The critical temperature of a plant
species is the temperature below which growth ceases and the plant eventually
dies. In mungbean, the critical temperature, as measured by changes in the
structure and function of cellular membranes, is about 15°C (Raison and
Chapman, 1976). nRelaw 15°C, a thermal transition occurs in the membrane
lipids of mitochondria and chloroplasts.  Another thermal transition occurs
just below 29°C whi ch suggests that thig may be the optimum temperature for
growth. With temperatures above 280, inercases in transpiration and
respiration could offset benefits from increases in photosynthesis and
retard plant growth. In a Fhytotron experiment with munygbean, Rawson and
Craven (1979) reported that low plhotoperiod sensitive straing produced
highest yiclds at 24°C and thut Photoperiod sensitive strains produced
highest yields at 27°C. Yields dropped of o sharply at 30°C and 33°C mean
temperatures.  So far, thoere is little information on tho cffects of the
diurnal range ol temperature, or the cffect of cool night temperatures, on
growth of munghean.

Warm temperature is essentia] for rapid germination of mungbean seeds.
Studies at AVRDC indicate optimun temperature for sermination to bhe 29 to
31°C (Park, personal communication). Germination i< inhibited hy low
temperature.  In a germination study, the vate of germination declined
slowly below 25°C, dropped off sharply helow 14°C, and vitvtually ceased
below 11.5°C (Simon of al., 1976y, At 10°c, only 24 of the sead germinated
after a week and only 5% after three wecks. Failure of the seceds to
germinate appearcd to be due to low temperature inhibition of mitosis
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since root clongation did not occur. In climates where the growing season
is limited by the length of the frost free pericd, mungbean should not be
planted in the spring until the soil and air temperatures have warmed up to
around 25°C or above.

emperature af fects the length of the vegetative adrowth phase and the
initiation ot flowering. Increasing the mean temperaturce during the vegetative
phase hastens flowering (Agqgarawal and Pochlman, 1977; Rawson and Craven,
1979). but flower shedding is increascd also by tenperature, particularly if

moisture is deficient.

Dry mungbean seeds solerated exposure for one hour at temperatures up
to 70°C without affecting secedling growth, but secdling growth was retarded
if exposure of the seed exceeded 70°C (Vora and Patel, 1975). This is of
interest since mungbean sced is often planted in suwner, when the surface
soil reaches extremely high temperatures. Exposure of sceds to 40 and 50°C
for L to 3 weeks caused the development of cracks in the raphe, thereby
reducing the number of hard seeds and increasing germination (Manohar,
Misra, and Mathur, 19069).

Precipitation and soil Moisture Stress

Mungbeans dare general ly unsuited in the wet tropics where annual
precipitation is above 1,000 mm (Jain and Mehra, 1980) . Mungbean plants
are readily damaged by heavy rain, and by windstorms. High humidity during
the growing season increases incidence of foliar diseases. Prolonged rainy
periods during pod ripening may result in moldiag of the seceds, or even
sprouting of the soceds in the pod as mungbean does nobk possess seed dormancy.
Mungbean does not tolerate waterlogged conditions and is inferior to black-
gram in this respedt (PCARR, 1977}, but reasons for the differcence have not
been explained. At AVRDGC, mungbean was found inferior to soybean and
winged bean in flood tolerance (I'ark, personal communication) .  Varma and
Rao (1975) veported secd yields, nodule dry weight, and N content of
mungbean plants in o ot experiment to be reduced at high molsture levels.

Mungbean is veputed to be a drought tolerant crop and is grown frequently
under dryland conditions where soil moisture is limited. In Southeast hsia,
mungbean is commonly planted at the end ot the rainy season following harvest
of lowland rice, and where it grows on residual so1l moisture only. But it
is also growns during the rainy scason (July to September) , or during the hot,
" irrigation

dry summer scason (Mavch to May) ahead of the monsooen rains if
water is available. PFor high seed quality, mungbean should ripen during a

bright, rainfrec period.

Soil drougnt stress in pot experiments reduces vegetative growth and
the initiation and recention of fFloral buds (AlL and Alm, 1973), and seced
yield (Varma and Rao, 19075) .  Experiments on time of irrigation emphasize
the importance of avoiding drousght stress immediately before and during the
Flowering period if optimum yields are to Le obtained (Jana, Das, and Sen,
1975; A. Singh and Bhardwaj, 1975; Agarwal, Behl, and Moolani, 1976; and
Chiang and Hubbell, 1978). While thesc experiments report the adverse
offects of soil stress, and the growth stages ot which irrigation water



should be applied to avoid drought stress, they do not provide critical data
from which the relative drought tolerance of mungbean can be compared with
other grain legume crops, such as cowpea or soybean. Some informaticn about
the latter is provided by an experiment in Australia, in which strains »f
mungbean and cowpea werea compared under two environments, one wailh favorable
molsture throughout the season, the other with drought strose duving the
fruiting period (Mluncome ry, Byth, and Williams, L972) . The amungbean strains
were better able to withstand the drought stress, but worce less rasponsive
than the cowpea strains in the favorable moisture environment.

Some experimental rosules suggest that mungbean may not have the drought
tolerance it is reputed to have.  [n Taiwan the water requirement of mungbean
was 3.2 mm/day, which oqualled the water roruirement of ecorn and sovheans, and
exceeded a 2.8 mm/day requirement of sorghum (National Toaiwan University,
reported by Chiang and Hubbell, 1978). TIn the Philippines the daily water
requirement is roported to he 4 to 6 muSday depending em the temwperaturea,
solar radiation and evapo-transpivation rate (MCARR, 1977). o comparisons
are reported with other qrain leqgumes in cither study.

The effect of drought stress on net piiotesynthesis of mungbean was
measured at AVRDC (AVRDC, 1975A) . When leaf wator potential was below =2
bars, net photosynthetic rate was reduced, indicating oxtreme sensitivity
Lo water stress.  Sovhean and tomato were comparatively less sensitive,
The apparent tolerance to drought of mungbean grown on residual moisture
after lowland rice may be due to drought avoidance rather than to its
ability to cndure greateor drought stress; the short growing scason for the
mungbean plant cnabling it to roach maturity belore residual soil moisture
is campletely exhaustod. Because mungbean i ofton grown after rice on a
declining s0il moisture supply, information is necded on the ability of
field grown mungbean plants to adapt to increasing shortuges of soil water
as the season progresses.

Drought stress during flowering may increase the production of hard

seeds (Ishii, 1968, and 1969). Drought stress in combination with high
temperature increases flow~r shedding and reduces sced set.

Solar Radiation and Photosynthesis

Mungbean is grown botli in summer seasons when there is an abundance of
sunshine and in rainy scasons when the solar radiation is diminished by
cloud cover. Yet, the requirements for solar radiation in mungbean has not
received much study. 1In Taiwan, mungbean yiclids increased with increases
in solar radiation duri ng the 30 days following scedling emeryence (AVRDC,
1979) . Clifford (1979) obtained a twofold increase in yvield of mungbean by
growing in 'briqght! Tiaht (150 w/mz) rather than "dHm' light (50 w/mz).

Solar radiation supplies the encergy utilized in photosynthesis.  The
mungbean is a Ci-type plant with respect. to photosyntbetic activity. Sced
yvield is an eond product of (@) photosynthesis (source), (b) translocation,
and (¢) storage of assimilates {sink). The amount of photosynthesis is a
function of the total leaf arca and the solar radiation intercepted. In a
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study of fruit and seed development in mungbean, fruiting began at the fourth
node, was highest in the fifth node, and then decreased from the fifth node
upward to the eighth node (Savithri, Ganapathy, and Sinha, 1978). Seed
weight at the different nodes was correlated with the leaf areca at that node
(r=0.85), indicating that a large leaf area which intercepts maximum light
is needed to obtain high vields.

Translocation experiments with M~ 1abeled assimilates show that carbor
assimilated during the vegetative phase of growth is not used in sced
development, the seed requircment being met from carbon assimilated after
anthesis (Kuo, Jung, and Tsou, 1978). Similar conclusions were recached from
a defoliation experiment in which removal of leaves from young mungbean
plants reduced development of stems and leaves, and defoliation during the
reproductive stage roduced seed yield (Enyi, 1975). In mungbean, foliar
development is normally slow during the carly life of the plant (Kuo, Wanyg,
Chenyg, and Chow, 10743 . wWithout vigorous c¢arly growth, there will be
inadequate functional leaf area (source) at the onset of flowering to
produce the assimilate needed during pod formation and sced development.

Mungbean is indeterminate in flowering habit, flowering and fruiting
continuing over a period of several weeks, Lf the plant rcmains healthy.
During this period there is competition for available assimilates between
the vegetative sinks and the reproductive sinks. When anthesis begins, the
supply ol assimilate from source leaves needs to be diverted away from
vegetative sinks and into Fruiting sinks if large seced yields are to be
obtained (Clifford, 1979; Pawar and Bhatia, 1980). This sugyests that
efforts should be made to increasc leaf arca (source) prior to anthesis
by (a) cultural proctices, auch as oloser spacing, fertilization, and
insect and discase control, and (h) genetic selection for strains in which
vegetative growth diminishes with flowering, so that assimilate produced
during the flowering period is largely partitioned into the seed.  Some
strains with the latter characteristic have been reported (AVRDC, 1978A) .
The effects of closer spacing and other cultural practices to increase the
leaf index may be partially offset if the practice results in mutual shading
and reduced light interception.

comparisons of Mungbean Growing Seasons

Having considered the climatic Ffactors that affect the production of
mungbeans, it will be of interest to examine the performance of mungbeans
growing in different climatic situations. Six examples from the 2nd, 3rd,
and 4th International Mungbean Wurseries (IMN) are compared. Information
on the locations und performance are reported in Table 4. Precipitation
received at cach nursery site is given, but temperature data are from long
term averages {or the respective locations, since data for the exact growing
periods were not Gvailable.  The mmgbean response 1s characterized by the
location efrect on the length of the growing scason, the days to first
flowering, height, and seed vield. All data are means of 30 varicties
growing in thce TMN nursery for that year. The sced yields are influenced
by the soil fertility conditions at the different stations in addition to
the climatic influences. The Tha Phra data was taken from the 2nd IMN;
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Table 4. Performance of Mungbean Grown in Different Climatic Conditions.

Location Lati-~ Eleva- Precipi- Irriga- Mean Date Growing Flower- Height Seed
tude tion tation tions Temp~ Planted Season ing Yield
erature
m mm number °c days days cm kg/ha
Rainy Season, Low Latitude
Los Bancs, Philippires® . 14° N 15 476 none 28 June 20 61 34 67 558
; : Dry Season, Low Latitude
Los Bafios, Philippines® 14° N 15 5 (2) 25 Jan. 9 81 33 26 169
’ Summer Season, Low Latitude
Tha Phra, Thailang® 16° N 178 325 2 29 May 10 68 3243 “ 341
Summer Season, High Latitude
Karaj, Iran® b 35° N 1300 none 12 26 June 3 142 56 40 1262
Stillwater, Oklahoma 36° N 274 367 none z3 May 30 137 53 43 1193
Morden, CanadaP 49° N 311 161 none 17 June 1 181 71 35 a

aPoehlman, Sechler, Swindell, and Sittiyos (1976).
bPoehlman, Sechler, Watt, Swindell, and Aggarwal (1975).
cPoehlman, Sechler, Yohe, Watt, Swindell, and Benham (1974).

da .
Cnly seven strains matured seed.

6T



Los Banos (Jan. 9), Stillwater, and Morden data were taken from the 3rd IMN;
and the Los Banos (June 20} and Karaj data from the 4th IMN. Entries
differed slightly in the three nurseries.

The locations selected are representative of several different growing
conditions: rainy, dry, and sumuer Seasons at low latitudes, and summer
season at a high Jlatitude.

igl_IEQEXW§§959PJULQYHESEUEKE? Tn Southecast Asia, many mungbean are
grown during the rainy season of a monsoon climate. The nursery grown at
Los Banos is tvpical. teing planted at the beginning of the rainy season,
the abundant rainfall and dark cloudy weather resulted in the plants growing
tall, and the short photoperviod and high mean temperature resulted in early

flowering and a short growing scason.

félwpfyhﬁﬁ¥fi@;w}fﬁthﬁjﬁiﬁg¥ Seeding after lowland rice is the most
common planting procedure for mungbean in Southeast Asia. The mungbean uses
residual moisture in the soil after the rice is harvested. The nursery
seeded at Los banos on January 5 received only 5 mm precipitatibn. The
moisture stress resulted in short plants and low yields. With the short
photoperiod, flowering occurs early, but the total growing scason is longer
than in the preceding cxample due to the lower mean temperature.

igthUHWW?ﬁ,ﬁfﬂﬁﬁﬂjﬂﬁgﬂﬁlffjflﬁh{' Tn India, Taiwan, and Thailand, short
season varietics of mungbean are gqrown Juring the hot summer (March to May) ,
prior to the onset of monsoon raing in a multiple cropping program. Growing
mungbean in this season is foasible if irrigation water is available and its
use cconomical. Mungbean grown in this season {lowers carly and has a short
fruiting period due to the hidah mean tempervatures.  In Thatland, the summer
plantings differ trom those i1 India in that they arve timed to utilize early
summer 1ains, which reduces the number of irrigations needed (Schiller and
Dogkeaw, 1976). The TMN grown at Tha Phra, Thai land, was grown under the
latter conditions. The short photoperiod and high temperature results in
early flowering and a shorlt growing season.

QD.E%HWW&[53%ﬁ¥2LLJJUﬂLﬂ£H&UJEﬁ%§° At high latitudes mungbean is grown
during the summer and st mature and be ready to harvest before frost occurs.
The long photoperiod and lower mean temperatures comnbine to delay flowering
and extend the length of the growing season. The Karaj climate differs from
that at Stillwater by being devold of rainfall, the crop being grown entirely
from irrigation watcer, and by having a higher clevation. Under thesc
conditions solar radiation at Karaj is hiqh. The mean maximum temperature
was 33°C compared to 109 at Stillwater. In Oklahoma, mungbeans are double-

cropped with winter wheat.

At the hioh latitude of Morden, Canada, flowering is delayed and the
growing scason is longer rhan that at Karaj and Stillwater. Only 7 of the
30 mungbcan strains matured sceds before the first frost on October 9.
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The duirnal temperature range differs at the different locations but
its effect on mungbean has received little study. Differences hetween the
mean minimum and mean maximum temperatures were 9°C at Los Banos (July 9
planting date), 13°C at Stillwater, and 15°C at Karaj. Lawn (1979)
reported that varietices of mungbean differ in sensitivity to maximum and
minimun temporatures.  How this response atfects the adaptation of
varieties in different 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 mungbean is seldom fertilized, its growth and production, except for
nitrogen, being dependent on soil nutrients already present, or from
residual fertilizers applied to the preceding crop. Being a legume, the
mungbean can utilize nitrogen assimilated in root noedules through a
symbiotic relationship with soil rhizobia. For nodule formation to take
place, the proper strain of rhizobia and a soll environment suitable for
the rhizobia to function must be present. Heavy soils and waterlogged
soils are unsatisfactory for production of mungbean, blackgram being
superior to mungbean under these conditions.

Soil Structure and Rool Development

The general recommendation for a deep, well-drained loam or sandy loam
for mungbean is based on long experience (Roberts and Singh, 1947; Mehta,
1955; Aiyer, 1958; Doherty, 1963; H. B. Singh, Joshi, and Thomas, 1970; and
PCARR, 1977). nAecration, internal drainage, and tilth are superior in light
soils to that found in heavy, fine-textured soils. The superior tilth of
light soils permits rapid sced germination, quick seedling cstablishment,
and deep root penctration. On heavy soils, poor stands are comme.n, due to
poor secdling cmergence, rvesulling in low mungbean yiclds.

It is oftern stated that mungbean has an extensive and deep root system
which contributes to drought tolerance. This viewpoint is being questioned
at AVRDC after observabions that mungbean is sensitive to variations in
environmentat stress caused by drought (H. . Park and C. Y. Yang, personal
communication, 1950). 1f mungboean has an extensive root system, then
sensitivity to moisture stress should be minimal.  In an carly experiment,
Bose and Joglcokar (1933) described two root system patterns in mungbean
varietics: (@) a profuscly branched, shallow root system, 11 to 17 cm in
depth, which the plant depends upon for its moisture supply, combined with
a sparsc tap root system; and (b)) a sparsely developed shallow voot system
with a tap root syslbem which penetrates to about 100 em, capable of drawing
soil moisture from greater scil depths.  Mungboean strains with root
characteristics of the first type would be less tolerant to dectining
soil moisturce levels than those of the sccond type. Studies are needed to
characterize the root growth patterns of presently grown mungbean varieties
under different soil moisture levels. Comparisons with root development of
other grain legumes grown under similar soll structure and moisture
situations are nceded to shed light on the gquestion of the velative
drought tolerance of mungbeans. It weald also be of interest to examine
reasons for the reported superior adaptation of blackgram 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 nitrocen is fixed into
a form available for use by the plant. This symbiotic relationship is
beneficial to the mungbean host plant by providing a source of the nitrogen
required for plant growth and development. Application of nitroacn
fertilizer to mungbean will reduce the amount of nitrogen fixed by the
rhizobial organism. The s0il requirements for the nitrogen nutrition of
mungbean is thus determined not as much by the potential nitrogen supply
in the soil, as by the suitability of the so0il environment to support
rhizobial activity. The biological nitrogen fixation process as related
to mungbean will be discussed in a later topic.

Mineral Nutrition

(@) Phosphorus. Phosphorus is an essential constituent of nucleoproteins,
phospholipids, enzymes, and other plant substances. Phosphorus is essential
for eneryy 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 ke low in protein content.

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 "tfixed" as
iron- or aluminum phosphate compounds which have low solubility. In acid
s0ils of the tropics, phosphorus deficiency is a common limitation to plant
growth. The limitation is pronounced for legumes, such as mungbean, that
utilize svmbiotically fixed nitrogen in their qrowth. This is due to the
vital role played by phosphorus in reactions involving cnergy, such as ATP
in nitrvogenasc activity (Franco, 1977). The tendency of solls to fix
phosphorus is partially counteracted at a pll of 6.2 to 6.5, or with high
organic matter. Yields of mungbean in India and other tropical countries
usually respond favorably to phosphate fertilization indicating that this
clement is generally deficient in weathered soils of tropical and subtropical
regions where mungbean is qrown.

(b) Potassium. Potassium has many functions in plants. It aids in
photosynthesis, enzyme action, and sugar and starch translocation;
reduces respiration thereby preventing energy loss; aikds drought tolerance
by maintaining turdgor, reducing water loss, and increasing root growth;
reduces lodging by increasing cellulose; and helps to retard discase.
Potassium is more abundant in soils than phosphorus, occurring in the
range of 0,17 to 3.30% (Brady, 16.4). It tends Lo he choemically bound in
insoluble mincral forms from which it becomes slowly available for plant
growth as an cxchargeable cation. Potassium is removed from the soil
through crop plants, and it is also lost from the soil by leaching.
Application of lime aids in fixation of the potassium and reduces the
loss from leaching as compared to acid soils. Although potassium has a
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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 on mungbean suggesting that potassium deficiency
has not heen considered to be a serious problem on soils where mungbean is
grown. FPFor soybean, it has been shown that available potassium is

gencrally inadegquate in sandy soils and soils of the humid region, but is
generally sufficient in subhumid regions (Kurtz, 1976). This generalization
probably applics to mungbean also.

(c) Other Elements. Other elements essential for plant growth include
calcium, magnesium, sulfur, molybdenum, zinc, iron, manganese, boron, and
copper, Calcium is a key element in growing legumes, having an important
role in nodule rormation and symbiotic nitrogen fixation. In addition to
serving as a nubrient, calcium as CaCoO, has a neutralizing effect on soil
acidity. Calcium and magnesium are commonly deficient in the highly weathered
soils in cthe humid tropics. ‘Phese elements may be supplied to the soill in
agricultural limestone, which also increases soil pH. Liming to increase
soil pH, will increase availability of phosphorus and molybdenum and diminish
toxic levels of aluminum, manganese, and iron. Soil with a pl range of 5.8
to 6.5 is considered ideal for mungbean (Tucker and Matlock, 19069) and a pH
of G.5 is optimum tfor symblotic nitrogen fixation (PCARR, 1977). The
nitrogen fixing 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 19718). The quantity of the sulfur bearing amino acids
in mungbean sceds are too low to provide 1 balanced diet if mungbean seed
is eaten alone. These amino acids were increascd by application of sulfur
to mungbecan growing in pot cultures (Aulakh and Pasricha, 1977).

The extent to which soil deficliencies in micronutrients affect yields
of mungbean has not been carefully assessod. Franco (1977) lists the major
barriers to yicld increases in tropical grain lequmes as lack of sufficient
water, absence of proper Rivizeb{um strains, and deficiencies in soil
nutrients.  The major deficiency among the mineral nutrients would appear
to be in jphosphorus, judging from the yield increases obtained by
applications of phosphate fertilizers. Until major soil factors limiting
mungbean growth such as deficient meisture and low phosphorus availability
are corrected, deficiencies of sccondary and micronutrients will go largely
unnoticed and certainly uncorrected.  Because mungbeans are widely grown on
acid solls, calcium and molybdenum may {requently be deficient. A zinc
deficiency was reported in mungbean growing on a calcarious soil in Taiwan
(AVRDC, 1975).

Genetic variability in mungbean for tolerance Lo micronutrients has
received only minor study. Comparisons are neceded of mungbean with closely
related specics, and among mungbean varieties. In a comparison of mungbean
with black and red beans (Phaseolus valgands) for tolerance to boron
deficiency, mungbean and red beans woere more tolerant than black beans
(Howeler, Flor, and Gonzalez, 1978). Tolerance to aluminum toxicity is
found in certain varicties of small grains but does not scem to have been
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studied in mengbean. Tolerance in mungbean to some of these unfavorable
s0il conditions would extend the range of soils on which mungbean could
be grown.

(d) Soil Nutrient Level. Soil analyses can bhe used to measure soil
acidity and relative levels of phosphorus, potassium, and other essential
plant nutrients.

Mycorrhiza

Mycorrhizal fungus invading the plant root cortex increases the feeding
2 ne of plant rvots since the external hyphae extend out farther than the
ot hadrs.  Tons absorbed into the funqus roots, principally phosphate,
with zinc and molybdenum to a lesser extent, upon release become available
to the host plant roots.  From there they may be transferred into nodules
in lequminous species (Mosse, 1977). While favorablo vield response to
mycorrhizal activity has been reported for soybean (Ross, 1971), the
respongse of mungbean is unknown.



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 nitrogen ave thrifty, grow rapidly, and have a dark green color;
a deficiency is marked by slow growth, a stunted plant, an’ a pale green
color. Soil nitrogen is a transicent and renewable resource. Originating
from the atmosphere, it is stored in the soil organic matter. As the organic
matter decomposes, ammonia is velcased, with the ammonia being further
oxidized to nitrites and nitrates. The plant may utilize some of the ammonia,
but principally it utilizes nitrates in the production of new organic matter.
Additionally, clemental nitrogen and ammonia may be lost by denitrification or
volatilization into the atmosphere, and nitrates may be lost by leaching from
the soil in soil water. The soil supply of nitrogen is renewed by the
incorporation of organic materials, addition of nitrogen chemical fertilizers,
or through biological nitrogen fixation.

To augment the soil nitrogen supply for intensive crop production, large
quantities of commevcially manufactured nitrcgen fertilizers are being utilized,
mostly in the developed countries. Since about 1973, the price of nitrogen
fertilizer has risen drastically, and it continues to rise. In the process
of manufacturing nitrogen fertilizer, large quantities of fossil fuels and
cnergy are utilized. The high cost of energy has increased the cost of
nitrogen fertilizer to the point that its use is beinyg restricted in the
developed countrics, and largely prohibited in the less developed countries
where food production nceds are greatest. In addition, response to the use
of nitrogen fertilizer, as measured by increased crop vields, i1s not always
as large in cropical olimates as in temperate climates, due to soils being
inherently low in organic matter, and to excessive losses from leaching and
denitrification. These problems emphasize the need for greater utilization
of biological nitrogen fixzation to increase crop production in the tropics.

The most effective gsystem of biological fixation of nitrogen involves
the symbiotic relationship between bacteria of the genus Rhizobdlum and
plants of the family Leguminosace. In this system, bacteria living in
nodules on roots of lequme plants convert nitrogen from the atmosphere
into forms which can be utilized by the plant. Being a lequme, the mungbean
has the potential for fixing atmospheric nitrogen in root nodules through
symbiosis with appropriate species of Rhd{zoblum.

Cowpeca Cross-Iinoculation Group

Species of Rhizobi{um 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 Rh{zobdttn strains in the
soil which nodulate mungbean, and related trepical grain legumes such as
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blackgram, cowpea, and pigeon pea, are identi fied as the cowpea cross-
inoculation group. The organisms of this group have not been given a
species designation and are traditionally referred to as Rhizobiuwn sp.,
with such common namoes 45 cowpea rhizobia, cowpea-type rhizobia, cowpea
cross—-inoculation droup, or cowpea miscellany.  The absence of spocies
designation in the cowpea cross-inoculation Jroup sometimes leads to cowpea
rhizobia being confused with Rhizabéum Japondiewn, which nodulates and fixes
nitrogen only in soybeans, ov Rlizobum pl;a,zsaoCi,, which nodulates and fixes
nitrogen only in common beans. Inoculants of the latter species will not
cause nodulation in mungboan.,

Strains of Rhizobiwn

The Rhizobiwm organisms, in addition to being differentiated into
species and cross-inoculation groups according to infectivity of different
legquminous species, may ke further differentiated into strains which differ
in efficicency of nitrogen fixation within a particular leguminous species.
The strains may he isolated from nodules of different plant species, or
from different Plants of the same spocies.  In oo study of Rhizob{un isolates
from 12 specios of Tegumes, isolates Trom mungbodins, beanuts, piqgeon pea,
and blackgram were drouped toqether on the basis of antigoenic properties
(Dadarwal ot 1., 1977) . WwWhen the Plant specics wore cross—inoculated with

the difierent R/
in the order Vigna tadiata - Avachis hupegaea > Cajanus cafair > Vigna mungo.,
These results indicado that mungbean may Le nodul ated by o wide range of
strains ot cowpeo- Ve rhizobla that may be present in Lropical soils.
Strains of Rhidzeblum whi oy difrer in abi Fity to nodulate mungbeans are
baing collected by the Universi By of Hawaii through the Project on Nitrogen
Fikation of Tropieal Agricultural Lagumes (1 FTALY and ot other locations.
The NIFTAL projoct g Sponsoring inoculation triale with different rhizobial
strains on mungbcean and other lequmes at various locations in tropical
countries in order to compare the offectiveness of the strains in different
environments,

n India, grain vields of mungbean were compared after inoculation with
cultures isolated rrem mungbean, blackgram and [reanut {(Oblisamj, Balaranan,
and Natarajan, 1976). The highest vield wag obtained following inoculation
with the RI(zabium culture isolated from beanut.  Composites of cultures
from mungbean and blackgram, and 1 rom mungbean and peanut, aave higher
yields than the cultuare from mungbean alone.  Strain differcencoes could not
be detected o lowing inoculation with cultures of Rhvizab{um Isolated from
healthy mungboean Plants md from plants infected with yvellow mosaic virus
(Venkataraman and Subra Rao, 19740 . The promiscuity of mungbeans for
infection with native strains already present in the soil reduces the
effectiveness of efficient strains which may be utilized as inoculum.

rezehium Psolates, the host plante showed symbiotic promiscuity
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Potential of Mungbean For Nitrogen Fixation

The organic matter content of tropical soilg is normally maintained at
a low level. Increcsing the organic nitrogen level of the tropical soils
through biological nitrogen Fixation will regquire extensive cultivation of
well nodulated lequminous crops.  Only limited information is available on
che effectiveness of mungbeans {or nitrogen fiwation, either alone or in

comparison with cther leguwe species.

Mascefield (1961) uscd fresh woight of nodules and number of nodules to
compare the nodulation of annual tropical leguminous Ccrops. The nodulation
of munghean excceded that of soybean and cowpea al two locations in Malaysia,
but was lower than the nodulation ot the winged bean (Pb(J)J{IUCC(I*K)JNA
fct/‘mgcrno(’obus) C Altheudgh the amennt of nodulation varicd with the
location, venerally L was lowey than commonly veported from temperate
climates. Date (1977A) veports that nitrogen fization of tropical pasture
legumes randges from 200 to 160 kag/ha/ycar.  The amount varies with the
legume, the strain of Rii{zebdum, soil moisture, Lemperature, soil mineral
supply, pH, and other Factors.  Greenland (1977) suqggests that nitrogen
Fisation in the vange of 100 ha/ha/year may be cxpocted in certain tropical
snils. Tn India, Zublba Rao (1675%) roported that Llackgram added 8 kg/ha
nitrogen without Rhizobum inoculation and 131 kg/ha with inoculation.

In a pot experiment conducted in Nigeria, uninoculated mungbean fixed
85 mg/pot of nitrogen compared to 9.3 g/pot ol inoculated mungbean (Agboola
and Fayemi, 197:5). The amounts of nitrogen fixed were catimated te be
equivalent to 63 aned 224 kg/ha, respectively, and comparced with estimates
of 157 and 354 ky/ha for uninoculated and inoculated cowpeas. These
estimates of nitrogen fixation, based on extrapolation of results from pot
experiments to a hectare bhosia, secn excessive when colnpared with measurements
of nitrogen fixation in ficld cxperiments. In a two-year field study in
Thailand, involving both dry and wet season cropping combinations, nitrogen
fisation ranging botween 589 and 107 Ko /ha/season was reported for mundgbean
(Firth ot ai., 1973). This w
potential nitrogen Vixation by mungboan upder favorable conditicns.  The
woin farmers fields is

Jould appear to be a realisntic vanage ror

actual nitrogen fixation by much of tho e,
probably quite low, since the crop 1o widely grown on s0ils of low fertility
with poor cultural practices. More informstion is necded on nitrogen
fixation by mungbean mder specific soll conditionsg, as well as comparisons
with other lequme species such as cowpea md soybhoean.

Nitrogen fixation in nodulated roots of mungbean plants was measured,
using the acetylene reduction technique, over the Life of the plant at AVRDC
in Taiwan (AVRDC, 19784 Taltekar and Kues, 1979) . Acetylene reduction activity
was barely detectable during the threc-weok poeriod fodlowing planting. Tt
increoascd vapldly thereattoer, veaching a peak gt onine weeks, then declined
until barely detectable again at 19 weeks.  The decline did nob start
until about two weeks ailter Flowering began, but continued through the
pod-filling period. The inerease in acetylene activity throudgn the first
two weeks of Dlowering was thought to be due to lack of sensecence in
mungbean s that photosynthetic activity continued at a high level.  The
Jow acetylene activity during the first three weecks is of interest in view
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of the report by Kuo et al. (1978) that mungbcans grow slowly during the
first three wecks after emergence. Mungbean varieties differed in
acetylene activity in the AVRDC study. Nitrogen fixation was reported
for individual plants and could nol be extrapolated to kg/ha.

Nitrogen Transf

r_to Other Crops

Mungbeans are grown extensively as a short duvation crop in rotation
with rice, wheat and other crops.  Where a legume is grown in rotation with
another crop, transfor of nitrogen occurs as a result of decomposition of
the lequme residue, including the roots and tho nodules, and subsequent
utilization of the nitrogen by the succceding crop.  The potential nitrogen
transfer is reduced by removal of sced and plant materials at havvest. IF
planting of the succecding crop i delayed, scme of the nitrogen reteased
by decamposition of the residue may be loct from the so0il.  How much
nitrogen mungbean will release crd o whether 16 weuld be the appropriate
legume to grow in thoe cropping svstem will depoend upon the specitie
situation, 1In practice, the cholce of (he Llegume to grow in a particular
rotation is usually based on how 10 Tirs into the cropuing sequence and
its commercial value rather than on its nitrogen fixing potential.

Mungbean may be inteveropped with sUgarcane, cotton, jute, malze,
pearl millet, sorghum, or pigeon pea, by growing in alternate rows.  Mized
cropping of mungbean with other crops Ls also practiced in the tropics. How
much the nenlegume cvop benefits from Flpe biological nitrogen rfixation
associated with the logume io di Fficult to assess. LT planted at the same
time, both crops will compete for mineral ni trogen in the soil, and, where
nitrogen is limited, uptake for both crops may be reduced. The competition
may be minimized by scoding the lequme after the compranion crop is
establishoed (Jlenzell and Vall s, 1977). Thae nonltegume will benetit most
if the lequme veaches phvsiologieal maturity and dics betfore the nonlegume
crop has completed growth.  I'n this situation nitrogen immediately released
from decomposition of the legume residue could be utiligzed by the companion
Crop. fecause mungboean Ls o short duration loegume, it would have a distinct
advantage over long duration legumes for utilizatd on in intercropping
systems in this manner.

Althouyh numerons resecarch reports on intercropping with legumes in
gereral, and mungbean in particular, have been published in recent years,
the results are often inconclusive or conflicting. They suggest that (a)
mungbean may be an offective host in the biological nitrogen fixation
process, (D) uander favorable cireumstances, mungbean will fix from 50 to
100 kg,/ha of nitrogen, (0) some nitrogen transier from the munglboean to the
companion nonlegume may take place during the growing season, although the
major benefit will be (o the succeeding crop, and () the nitrogen supply
will be reduced by removal of plant and sced material at harvest, or by
leaching before the succeodi ng crvop s planted.
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Inoculation of Mungbecans

The benefits of inoculation on yield of lequmes grown in soil devoid
of an infective strain of Rhizobium is well established (Erdman, 1967).
Rhi(zobfum inoculation of mungbean in the absence of natural inoculum may
be expoected to produce higher yvields if (@) an infective and viable strain
of Rivlzobium is used, (b) the inoculation procedure is carricd out with
care so thalt viable bacteria are introduced inte the soil, and {(¢) the
soll environment is {avorable for Lhe bacteria to survive and develop

healthy nodules on the mungbean root.

Yield increases in mungbean of 10 to 37% fellowing inoculation have
been reported by various reseavch workers in India (Table 5).  An increase
of 38% was veported for blackgram (Reddy, Zaheda, and Rac, 1978). Sheriff
et al. (1970) failed to obtain an increase in yield with inoculation. They
did not report on nodulation of ecither the inoculated or uninoculated plants,
so it is not known whether native strains produced nodules on the uninoculated
plants or whether the inoculated culture failed to produce nodules. P, Singh
and Choubey (1971) reported a profit/cost ratio of 27/1 for inoculation with
their Rlilzebl{um strain A.

Table 5. Yield Increase in Mungbean from Inoculation with Rliézobium 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

Maheshwari (1974) 613 775 26

Pawar and Ghulghule (1977) 598 750 16

Singh, 5. 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 (Daie, 1977B). If inoculated plants fail te make comparable
growth to thogse receiving nitrogen fertilizer, then the strain of Rhvizobium
may be ineftcecetive, or there may be some condition in the soil that makes

the rhizobia inceffective.
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(b) Strain of Riizobium. Mungbean is widely regarded as symbiotically
promiscuous, nodules being produced when infective straing of the cowpea cross-
inoculation qgroup of Rh{zoblum are present in the soil. Strains within the
group differ in how effectively they nodulate mungbean.  P. Singh and Choubey
(1971) obtuaincd sced yield increases of 262, 15%, and 13%v, respectively, from
inoculation with three strains of Rhézobiun above the yiceld of an uninoculated
check (Table %), For a strain to be etreccive it should produce nitrogen
fixing nodules in a wide array of soil conditions and be competitive in
nodule formation and nitrogen fFixation with less cirfective strains alroady

present in the soil.

L&) Inoculant Preparation and Use. Procedures for preparation of legume
inoculation arc described by Roughley (1370), Vincent (1970), bDate (1977B),
and others. Legume inoculant cultures are usual ly prepared by mixing a
Rivlzobium Lroth eulture with finely ground, storile peat as a carrier.  The
bacteria and peat mixture are mixed with gum arabic or a sucrose solution

so that the mixture will adhere to the secd.  The sterage life of the culture
depends upon the tempoerature and humidity at which it is stored. Viability
may be maintained for s long as one year at temperatures of 5% to 10°C, or
as short as & to [0 weeks at temperatures o 20° to 25°0 (Vincent, 1970).

In order for the inoculation to Lo successful, Avanaba (1977) recommends
that 1,000 to 10,000 bacteria of i sultable strain should be applied to the
surface of o sccd, however, some researchers would increase this number Iy

as much as tenfold.,  Inoculated soods need to be dried immediately and,
preferably, planted the same day.  Exposurce of inoculatod sced to direct
sunlight or high temperatures must be avoidoed. [noculated seced plunted in

open rurrows should be covered immed; ately.  Tnoculated secd should not be
treated with toxic chemical S, mixed with fertilizer, or planted in a furrow
in contact with tertidiser.

id)“ﬁgggygpjlgﬁlgib Inoculated seced may be pellcted to protect the
bacteria and corrcct adverse soil conditions in the vicinity of the seed
(Roughley, 1979; dDate, I9778) . After inoculum has been applied to the seed

as a slurricd peat culture containing an adhesive, the moist seed is coated
with finely ground lim~<tone or vock phosphate.  Limestone increases the pH,
neuatralizing the detrimental effocls of acid soil in contact with the seed.

In alkaline soils in Tndia, pelleting mungbean sced with caleium sul fate

gave peneficial offects. Chhonkar, Iswaran, and Jaunri (1971) reported that
mungbean sceds Inoculated and coated with caleium sulfate produced 82 nodules
per plant compared to 46 nodules for seod inoculated and coated with limestone,
28 nodules for cced inooculatod without velleting, and 2.7 nodules for
uninoculated seed.,  The scods were planted in oa saline, alkali soil , Pl

8.0. Also, in an alkaline soil, pH B.9, Guita ot o). (1976) obtuined an
increase in sced vield over Lhe uninoculated choecl Gf 20.7% with inoculated
seed pelloted with calceiam sullate, compared to o 19,42 increase with
inoculated seed pelleted with caleiun charbonate, 17.0% Increase with

inoculated seed velleted with rock Phosphate, and 5.8% increase for
tnoculation withont pelletina. In phosphate deficient soils in the tropics,
rock phosphate may be preforred to limestone as the pelleting material
(Diatloff, 1971). Felleting the geeds improves survival of the bacteria

until they colonize the vool, and increases chances of successful nodulation
0 seed gormination is delayed.  Pesticides may be incorporated with pelleting
materials, but only if it has been proven that they have no adverse effects

on the bacteria.
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Factors Affecting Nodulation

Tropical and subtropical environments where mungbecan is mostly grown are
generally less favorable for nodulation than temperate environments. Studies
of environmental cffects on nodulation of mungbean are meager, but information
gathered on conditions favorable For nodulation of other annual legume crops
in the tropics will generally be applicable to mungbean.

(@) Physical Environment. The physical environment in which nodulation
takes place may bo atfected by 1ight, temperature, coll moisture, aeration,
pl, salinity, and othoy Factors (Maseficld, 1958). TIn the tropical arcas,
climatic lactors such as length of day and cloud cover during the rainy
season roduce the amount of light, adversely affecting the vigor and growth
of the host plant. 1In a study conducted in a centrolled environmental
chamber, both short days and low light intensity limited nodulation and
nitrogen fixation in cowpen, soybean, ard comeon bean (bart, 1973). These
data sugaest that shading mungbean when intercvopping conld reduce
nodulation. High soil temperatures may restrict noculation and nitrogen
Fiwation. Cowpeas nodulate best and fix the most nitrogen with a day
temperature ol 2790 and o night temperature of 24°C (Dart, 1973).
Nodulation decreascd ac day Lemperatures were increasod; with a 36°C day
temperature and @ 21%C night temperature, nodulation and nitrogen fixation
were poor. Rhdzebdum strains difiered in their effectivencess at the high
temperatures.  While these results weve reported for cowpea, munagbecan
nodulates with the same gqroup of vhizobial strains.  An upper temperature
1imit of around 36°C was noted also for nodulation in beans {(Graham and
Halliday, 1977).

Soil moisture stress limits root development and vegetative growth,
and hinders effective nodulation and nitrogen fixation. DIxcess water reduces
the oxygen supply in the soil required for respiration of Rhizobium bacteria,
and reduces the nitrogen supply revuired for nitrogen fixation. During long
periods of waterlogging, nodules and outer root tissue sloughs off (Hinson
and Hartwia, 1977), causing a temporary nitrogen deficiency. Mungbean is
frequently planted after lowland rice, but there is little information on
the offect of flooding over long periods on natural soil rhizobial populations.

Soil acidity is inimical to rhizobial activity and nodulation, although
rhizobia of tropical legyumes are reported to tolerate s0il acidity better
than rhizobia of temperate climate lequmes. A pHoof 6.5 appears to be optimum
for mungbean rhizobial activity (PCARR, 1977), with o minimum for activity of
about pH 2.5 to 4.0 (Yadav and Vvas, 1971). Rhizobial strains vary in their
tolerance to low pl. Munns et al. (1979) compared nodulation of 40 rhizobial
strains applicd as inoculants to two mungbean straing on a soil with a natural
pl of 5.0 and the same soil limed tooa pi ol 6.5 A few rhizobial strains
failed to nodulate mungboan at pl 5005 with abort ono-halt of the rhizobial
strains, the nodulation was signitieantly impaived at pH 5.0; the rema:ning
rhizobial strains nodulated mungbean at both pll values, some more
effectively at the low pii than others.  Usually, the ef fectiveness with
which the rhizobial strain nodulated mungbean at the low pH was girilar
for the two mungbcan host strains. However, a fow rhizobial strains were
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tolerant of low pll on one mungbean host strain and not the other. The
interaction of rhizobial strain with mungbean genotype suggests that the
search to find tolerant rhizobial strains will require that they be tested
on a range of munabean gentoypoes, thereby greatly increasing the labor
involved in the testing process.

,(i)_)-.;‘\il“—‘_‘.}};]; Nutrition. Mineral nutrients necessary for rhizobia to
survive, mtllvt.ip)y, and nodulate leqgume plants include phos sphorus, sulfur,
calcium, potassium, and traces of molybdenum, boron, L.-up}u,.-r. zinc, cobalt,
and mangancse (Vincent, 1970).  Other soil conditions that may limit nitrogen
Fixation are soil acidity, aluminum and manganese toxicity (Franco, 1977),
and soll salinity.  Available phosphoras Is often the major limiting clement
n tropical soils, but deficiencios in molybdenum, sulfur, caleinm, and
boron should aot be overlooked (Androw, 1977) . The benefits to nodulation
and nitrogen fixation of mungboan by corrocting phosphate deficiencies have
been demonstrated in India (Khare and Ral, 19608; Sahu and Behera, 1972; and
Ravankar, Badhe, and Fadwe, 19 T2/73). Inereased yvield of mungbean by
correcting o sine deficiency was roported by Ghildiyal, Saini, and Sirohi
(1975) . Soil mineral deficiencies that redisoe the effectivencss of
nodulation and nitrogen fixation in mungbean are site-specific, and need
to be correctly identiticd in order to determine the kind and amount of
fertilizer to apply to correct the defd clency,

(&) _Mitrogen Nutrvition. The uniqueness of the symblotic process is
the rL}hlblll voor uLlii‘;ln-.; atmospheric nitrogen to meet the nitrogen

for arowth of the loqume plant,  This does not preclude the

reaulrements
uptake by the plant of wmineral nitrogen from the soil (bouldin et al.,
1979) . If the seil supprly of nitvogen is abundant, then most of the
nitrogen used by the legume plamt will come from the soil.  Tf the soil
supply of nitrogen is low, then the legume plant will obtain most of its
nitroyen trom svmbiosis, assuming that the proper ctrain of Riiézobdum is
present in the soil, and that the enviromnment and soil minceral supply are
ravorable for thoe nitrogen Fixing 1rocess Lo he consummatod.

supplementation of the symbiotion) ly fixed nitroagen supply by nitrogen
Fertilizer has been considerced as a means of increasing plant growth.
Research has generally shown that the symbiotic nitrogen Fivation process
does not function efficiontly it large quantitics of nitroqgen fertilizer are
applied to Teaume plants. In thot case, nitrogen fixation is reduced in
proportion Lo the amount of nitrogen applied (Hinson and Havtwig, 1977).
An exception may be the application of a nitrogen starter fercilizer to
lequmes sceded in nitroven deficient soils in order to stimulate carly
s’;emllim' grewth. Bacterial invasion of the root corte: amd initial
days. This represents a

SR

evelopment o nodules vegqoires aboat 20 bo
.Ln.(;o portion of the 1ife of 4 short duration legumne such as mungbean.
Under high=temperature/short-day envivonments the munubeoan may flower
within 350 to 20 days following emergence and be mature within 60 to 70
days. Application of nitrogen starter fertilizer for util ization by the
mungbean plant during the period of juvenile arowth may have special merit
because carly growth of mungbean is normally slow (Kuo, Wang ot al., 1978).
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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 kqg/ha of nitrogen is recommended for mungbean
(PCARR, 1977). At AVRDC, in Taiwan, the recommendaticon is Jor 15 kg/ha
nitrogen at planting time, and an additional 15 ku/ha ot flowering to weet
the heavy demand for nitrvogen during the period of vod £i1ling (Park, 19788).
As with mineral nutrients, the desirability of appiving nitrogen fertilizer
will depend upon the specific soll fertility conditions of the field. ‘The
first step should be to insure that Ridzeb{um strains of the right kind are
present, and thal soil mineral needs and other conditions conducive to good
nodulation are met.

(d) Oother Factors. Rhlzob{um scrains 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 te compete for a nodulation site and the effectiveness in nodulation
and nitrogen fixation after the bacterial strain has invaded the host plant
root are desirable characteristics of rhizobial strains. Mungbean growing
in tropical orv subt opical aveas may be infected by strongly competitive
native Rhid{zobdum strains of the cowpea cross-inoculation group which may,
or may not, be effective nodulators. While competitive ability and
ef fectivencess are not precluded from being in the same strain, a strongly
competitive, inetfective strain may reduce the benefits that could be
obtained from an effective strain that is less competitive.

Nodule fovmation and nitrogen fixation may be affected by various
disease producing organisms, viruses, nematodes, sced exudates, or seed
treatments. Nodule number, weight, and size in mungbean were reduced by
infection of the host plant with arhar nosaic virus (AMV) (R, Singh and
Mall, 1974). Seed exudates from mungbean that were phenolic in character
had an inhibiting effect on rhizobial growth (Dadarwal and Sen, 1973;
Kandasamy and Prasad, 1979) . Root nodulation may bhe adversiely affected
by accumulated posticice residues, or by pesticides applicd at excessive
rates (Gaur and Pareel, 1969; Parecek and Gaur, 1970; Gaur and Varshney,
1974; Staphorst and “irijdom, 1376; and Chaudhury et al., 1977).

Favorable c¢ffccts on nodulation and nitrogen fixation have been reported
by applications to the soil of organic matter (Rajagopalan and Sadasivan,
1964) and humic acid extracted from farmyard manure (Khandelwal and Gaur,
1970). A synecgistic effect from seed inoculation of mungbean with Rhizoblum
and Azofobacter 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 sced in rice stubble arter the monsoon rains have
ended. He has neither the equipment to prepare a suitable seedbed, nor
irrigation facilities to replenish deficient soil moisture. Fertilization
is not practiced, and nommal growth stops when the moisture supply is
exhausted. Weeding and harvesting arc performed with hand labor. In
contrast, mungbean production in more developed areas may be carried out
with highly mechanized equipment, frem scedbed preparation to combine
harvesting. Weeds are controlled by selective herbicides, and soil
nutrient needs are carefully corrected as determined from soil test
specifications.

Place in the Cropping System

Mungbean is a short duration crop, adaptable for use in multiple cropping
systems. larlicr, most varieties grown were photoperiod sensitive requiring
80 to 95 days to mature, but presently, new varieties are beinyg deve loped
with low photoperiod sensitivity which can be harvested in 60 to 75 days.

This increases the flexibility of Fitting mungbean into intensive cropping
patterns. Mungbean is planed in three types of multiple cropping systems,

(@) nelay CropPp g, in which mungbean is planted in sequence with other
crops, (b) mtercropping, in which mungbean and another crop are interplanted
in alternate rows, () mixed chopping, where crops are plantod together in
mixtures.

In nelay crhopping, mungbean is grown as a secondary crop. The primary
crop, commonly rice or wheat, but sometimes maize or sorghum, 1s given
priority for the season in which it is grown, with mungbecan being fitted
into the sequence before or after the primary crop. In the tropics, the
rainfall pattern is the major climatic factor delineating the cropping
seasons. VWith low photopoeriod sonsitive varieties, mungbean can be grown
in any wonth of the vear, if moiLsture needs during dry periods are supplied
by residual moisture or by irrigation. In the development of a relay
cropping system, the objective i to provide maximum production per unit
of land area per vear (Saxena and Yadav, 1975; Mabapatra ot al., 1975;
Sandhu, Gill, and Rray, 1976; PCARR, 1977} . Crops are planted in quick
suscession, sometimes arowing as many as three or four crops per year.

If a legume crop included in the rotation is well nodulated, the nitrogen
fertilizer roquivement for the primary crop may be partially met from

this source. 1In the temperate climates, the cropping scason is determined
by the temperaturc and the production season for mungbean is limited to
the frost-free period.

35
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With LntencnoPping, crops that differ in height, growth habit, canopy
structure, and growth duration are interplanted, so that the crops occupy
the land at the same time. The crops are usually planted in an alternate
row pattern to facilitate planting and harvesting. Mungbean may be inter-
planted with sugarcane (Davanand and Coswami, 1976) ; waize (Syarifuddin et
al., 1974; De, Guplta ct al., 1978); sorghum or pearl millet (Sarafl and De,
1975; De, Gupta et al., 1978); cotton (Varma and Kanke, 1909; 5. Singh,
Singh, and Tomar, 1973); jute (Patel and Mitra, 1977); pigeon pea (Saraf,
Singh, and Ahlawat, 1975; Kaul, Sckhon, and Dahiya, 1975%); scesamum (P, P,
Singh, Nema, and Kaushal, 1972); or sunflower (Campos and Macasco, 1976).

Mungbean and sugarcane is a Favorable combination for intercropping.
Sugarcane normally planted with 1 m row spacing will require about 60 days
before developing a dense canopy or becoming highly competitive with the
mungbean for soil nutrients or moisture. An carly variety of mungbean
interplanted between the rows of sugarcane may be harvested in 60 to 70
days without advorse effect on yield of the sugarcane which requires a
much longer period betore harvest.  Combinations with nonlegumes that
develop an carly canopy, or that quickly become competitive for soil
nutrients ov moisture, would be Joss favorable than the sugarcane-mungbcan
combination. When seeded in alternate rows to reduce competition, the
vield of the nonlegume is generally reduced as compared to its yield
produced in a solid stand. However, the yield ol the two crops may excee’l
that of a single crop in monoculture. The beneficial effect from inter-
planting is attributed to more efficient use of soi! resources and solar
radiation, and, perhapz, some nitrogen transtfer from the legume to the
nonlegume, although the latter is not well decumented,

with mdixed cropping, the sced of mungbenn is mixed with that of other
crops and broadcast seeded.  Mixed cropping is practiced, usually, to spread
the risk of weather hazards in economically underdeveloped areas. Under
these conditions, vields are gencrally low and all cultural operations such

as weeding and harvesting must be done by hand.

The cropping season and cultural practices for growiny mungbean vary
in different countries and climatic arcas.

(@) India. Mungbcan is grown in threc scasons in India.

Monsoon or rainy scason (August to October). In northern India, long
duration varieties are grown, followed by wheat in the winter (November to
April), ard fallow in the summer (April to June) (R. C. Singh and Faroda,

1977) .

Cool, dry season (December 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 grow mungbean in summer. Harvesting should be completed
before the monsoon rains begin to prevent seed from being damaged. The
practice of growing mungbean in summer is increcasing. Rotations which
include mungbean as a summer Crop are:

Rice - wheat - mundabean,
Rice - potatoes - mungbean,
Cotton - wheat - mungbean,
) Sorghum - wheat - mungbean,
' Maize - potato - wheat - mungbean

'

(Nair and Singh, 1971; Misra, 1973; Sandhu, Gill and Brar, 1976; Sandhu et
al., 1978; Sharma, Thakur, and Sharma, 1978; Paroda, Lal, and Singh, 1979).
Cultivation of mungbean in rotation as a4 summer crop has the advantages:
(@) land is utilized that would normally remain fallow and subiject to wind
crosion; (D) the hot dry weather is favorable for harvest and production of
high quality sced, and () annual income per unit of land is increased.
Although irvigation reguirvement during the summer scason is high due to
the high vate of evaporation, the gqrowth duration of the mungbean crop is

short, thus reducing the number of irrigations rogquired.

(h) Thailand. In Thailand; mungbeans are grown in three cropping
seasons (Nalampang, 1978).

Early season crop (April to June): Planted as carly rains begin,
following rice, and harvested before the heavy monsoon rains begin.

second season crop (September Lo November): Planted after maize or

sorghum, near the end of the rainy scason. This crop produces about two-
thirds of the total production in Thailand.

Late season crop (January to March): DPlanted after rice and grown on
residual moisture. In the upper Plains this planting is delayed until March
to avoid cold weather.

L) Philippines. Mungbeans may be grown throughout the year.,  The
main plantings are in November or December in rotations of rice-mungbean,
or vice-mungboan-maize (Lavapiez ct al., 1978), or during the hot, dry

sumner scason (March to Mav) before ricse (Calkins, 1978).

Ldl_yio}ngQ, Mungbean is grown at the beginning of the rainy season

(Aprij tc;Mny) at high elevations, and after rice (January to February) in
the Delta (Thuy, 1969).

(¢) Tailwan. Mungbean is grown during the hot, dry scason (April to

May) preceding the planting of rice (Calkins, 1978).

fﬁl_ﬁyﬁfﬁﬂliﬂ' Mungbean is planted in late December or January, after
wheat or barley, and harvested in May or June before early frost (Bott and
Kingston, 1976; Lawn and Russell, 1978) .
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(@) 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.

(1) 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 mungbean crops (Ventura and Watanabe, 1978). 1In the
Philippines, after two or three successive crops, yields were reduced,
plants were stunted, some wilted and died. By the seventh creopping, few
plants survived in spite of efforts to maintain soil fertility, and control
insects, discases, and nematodes. A soil borne fungus which infects
mungbean roots, ov produces a toxic substance inhibiting root growth was
suspected as a causal agent.  Simitar effocts from growing successive crops
of mungbean were observed at AVRDC in Taiwan (Park, personal communication,
1980). A reported allelopathic effect of mungbean on rice in Thailand was
not confirmed by experimental plants (Gympmantasiri et al., 1978).

Fertilization

Mungbeans are generally grown without commercial fertilizers. This
reflects the image that mungbean is a low yielding crop which farmers consider
uneconomical to fertilize. Generally, fertilization will not be beneficial if
mungbeans are qrown with deficient soil meisture, poor tillage, thin stands,
or inadequate weced and pest control. It is a more common practice to provide
fertilizer amendments to the primary crop in the votation and depend upon
mungbean to benetit from the residual effects after the primavy 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 produce a grain yield of 1 m.t./ha will remove from the
soil approximately 39 kg/ha N, 3.4 kg/ha P, 10.3 kg/ha K, and 1.2 kg/ha Ca.
The amounts of these elements removed will be increasced if in addition the
plant residucs are removed and not returned to the soil.  Except for nitrogen,
which can be supplied by nitrogen fixing activity of appropriate soil
rhizobia, the elements need to be veplaced to avoid depletion of the soil
mineral storvchousce.  The best qguide to fertilizer nceds for a particular
field is a soil test. In the U.S.A., soybean yields have shown a consistent
relationship with natural fertility, as measured by soil tests tor Poand K,
and pH (deMooy, Pesck, and Spaldon, 1973). A similar relationship may be
expected with mungbean. In the absence of a soil test, results from
experimental trails in similar solls and environments, results of
fertilization of adjacent farmer's fields, and obscrvations of Lhe
thriftiness and productivity of plants qrowing in the field, may serve
as rough guides to fertilizer needs.
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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 fertilizer as a startor is
beneficial (Moolani and Jana, 1965; Tucker and Matlock, 1969; K. K. $Singh
et al., 1975; T. Singh, Agarwal, and Singh, 1975; Sandhu ot al., 1978;

C. Singh and Yadav, 1978; PCARR, 1977; Nalawpang, 1978; and Park, 1978Aa).
This is due to the time roquired for nodules to develop on young plants,
and to the slow growth of the mungbean plant the first few woeeks following
emergence as reported by Kuo, Wang et al. (1978). For nitrogen fixation,
a strain of Rhizoblum that is effective on mungbean must Le present in the
root zone.

Most soils on which mungbean is grown are deficient in available
phosphorus. Mungbean responds to phosphate fertilization in a variety of
soil types and climatic conditions. Favorable responses have been reported
from Australia (Doherty, 1907); Bangladesh (Islam, 1978); 1lndia, {Deshpande
and Bathkal, 196%; sreenivas, Upadhyay, and Warokar, 1968; Prasad, Bhendia,
and Bains, 1968; Mandloi and Tiwari, 1971; K. K. Singh et al., 1875; T.
Sirgh et al., 1975%; Panwar, Singh, and Misra, 1976; Das and Patra, 1977;
and others); Malavsia (Abubaker ot ale, 1978); Philippines (PCARR, 1977) ;
Thailand (Nalampang, 1974 and 1O78) ; U5, A0 (Tucker and Matlock, 1969) ;
and Vietnam (Thuy, 1969). Although amounts vary, recommended applications
of 40 to H0 kg /ha Po0: are most common.  Without adequate phosphate
fertilization, rhizobial activity and nitrogen fixation will be depressed
also.

Potassium fertilization of mungbean has received little attention in
the tropics suggesting that potassium deficiency is not generally a problem.
Tucker and Matlock (1969) reported a si tght but nonsignificant response to
potassiwn Fertilization in Oklahoma, U.S.A. Legumes generally respond
favorably to applications of Ca on acid soils. Liming is recommended for
mungbean in the Philippines on soils with a pi below 6.5 (FCARR, 1977).
There has been little rescarch with micronutrients on mungbcan.  Application
of sulfur corrected a chilorotic condition causcd by inactivation of Fe and
increased yield in mmabeans on a caleareous suil in India (Mchta and
Singh, 1979). Sulfur, in combination with nitrogen and vhosphorus increased
protein and the sultur bearing amino acids, methionine, cystine, and
cysteine, in mungbean in India (Arora and Luthra, 1972).

Most fertility experiments with mungbean report vield response, but
few examine the cconomics of fertilization. A net profit of three rupees
for each rupee invested was reportoed by Choudhry and Dhatia (1971) in India.
C. Singh and Yadav (1978) reported a Favorable cost-boenefit ratio when 30
to 40 kg/ha PoOgwere applicd to mungboan. Panwar, Pandey, and Singh (1978),
using 1978 prices, calculated the cconomic optimum rate for application of
phosphorus to be 48.2 kq/ha PpOg. Tucker and Matlock (1909) reported a
profitable return with 80 kag/ha P',,()S; 45 kyg/ha of Hodid not give a
brofitable return.  The ecconomics of (ort] lzing mangbean needs continuing
study in view of progressively highor fertilizer costs. The largest yield
response will be obtained when all essential clements are in correct balance
and good cultural practices are used. fFertilization of mungbean will not be
profitable if stands are poor, weeds uncontrolled, and the crop subjected to
severe drought stress.
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Seedbed Preparation

The secedbed for mungbean should be well pulverized and mellow, so that
the seed comes into close contact with the soil, and moisture should be
available for rapid seed germination. Poor secdbed preparation leads to
reduced or uneven germination, slow seedling growth, and incrcasced weed
competition. Soils that are dry flollowing harvest of a monsoon crop of
rice or maize arc often in poor physical condition making preparation of
the seedbed difficult. Under these conditions seedbeds ave often cloddy
and poorly prepared, vesulting in poor stands. Tillage equipment used for
seedbed preparation varies from hand tools to mechanized machinery, according
to the level of the local technology.

Seeding Methods and Rates

Mungbean is planted broadcast, in rows, or in hills. The broadcast
method is widely practiced in Asian countries where mungbean follows rice
and is grown at a low technology level. The investment is low as the method
is time and labor saving. The soil is plowed once or twice after the rice
harvest. The mungbean sceds are scattered by hand and covered with a harrow,
drag, or by hamd raking. Broadeast plantinas vequire higher sceding rates
than row planting and require hand weeding. The scedbed ig usually less
well prepared, and the seeds ave covered to uneven depths, resulting in
uneven stands. Fertilizer, although seldom used, may be spread ahead of
plowing.

Seeding in rows permits move accurate spacing of plants than broadcasting.

Weeding, cultivation, spraying, and harvesting are facilitated by planting in
rows and yields are generally improved. Yields of mungbean seceded in rows in
Vietnam werc reported to be 600 to 1,000 kg/ha compared to 300 to 500 kg/ha for
broadcast seceding (Thuy, 19¢9). There is a tendency to practice broadcast
sceding where soil fertility and moisture arve deficient, and vicld potential
is Jlow, and row sceding where fertility and moisture portend a higher
production potential.  Spacing between rows varies from 25 to 75 cm
depending on soil fertility, plant growth type, height, maturity, and
distance nceded to accomodate cultivation, spraying, and harvesting.  In
India, 25 to 30 ocm row spacings are recommended (Sharma, 1972; Sandhu, Brar et
al., 197¢; Sharma and Bhatnagar, 1978; and Paroda, Lal, and Singh, 1979).
For the International Mungbean Nurseries, Park (1978B) recommends 40 cm
row spacing in the dry season and 50 cm in the wet season. Row spacings
of 50 to 75 cm are recommended in the Philippines (PCARR, 1977) and the
U.S.A. (USDA, 1975).

The sceding rate depends upen the plant population desired. Not many
studies have been directed toward finding the optimum plant population
under particular environmental conditions. MacKenzie, Chen et al. (1975)
grew mungbeans in Taiwan over a range ol 10,000 to 800,000 plants/ha.
Yields began to plateau between 100,000 and 200,000 plants/ha and reached
a maximun at 400,000 plants/ha.  As populations were increased, plant
height increased, pods per plant decreased, but seed weight remained
relatively constant. In the Philippines, populations of 300,000 to
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400,000 plants/ha arc recommended. In India, Rathi and Verma (1974) suggest
that each plant be given an area of 675 to 300 cm?® {150,000 to 330,000
plants/ha). Row spacing, spacing of plants within the row, and seed size,
all affect the plant population. Combinations of plant and row spacing
required to give plant populations of 200,000, 300,000, and 400,000 plants/ha
with two seed sizes are given in Table 6. Seeding rater are based on 100%
seed germination, with zero mortality of scedling plants, so adjustment of
rate npward of 10% to 25% is required, depending upon sced germination, soil
moisture and physical conditions, and other factors that may adversely affect
stand catablishment.

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

Desired Row Plant Seeding Rate” for Seeds
Plant Spacing Spacing with 1(00-Sced Weight of:
Population Within Row 75 ¢ 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

a . . . . .
Assuming 100% germination and zero seedling mortality.

In nortnern Thailand, mungbean is sceded in hills on seedbeds previously
used to grow garlic or other vegetables. Spacing of hills vary, but a
50 x 50 cm spacing with 6 to 7 seeds/hill is common (Gympmantasiri et al.,
1978) . In the Philippines, hills arc spaced 50 cm between rows and 25 to 30
cm within rows, with 2 to 4 sceds planted per hill (Mamicpic and Navarro,
1969) .  The hill method requires hand plantinc and is more laborious than
seeding in rows.
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Inoculation of Seed

Rhizobium 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 rhizobia is inadequate to promote effective nodulation. Because
the cowpca-type rhizobia is widely disseminated in tropical areas, some
nodulation will o=-cur in most fields regardless of whether or not the seed
has been inoculated.

I{ mungbean sced is inoculated, the following precautions should be
exercised:
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 sced in moist soil and cover immediately.

Date of Seeding

The date of sceding will vary with climatic patterns in the different
ecological arcas where mungbean is grown. The cropping seasons for mungbean
in different countries have already been discussed. Some factors that
influence strongly the date of seeding are temperature, soil moisture,
projected rainfall patterns, photoperiod, sequence in the rotation, and
seasonal occurrence of disease and insect pests. Warm soil and ailr
temperatures are requived for quick germination and rapid seedling growth.
Mungbean grown at e ond of the monsoon season needs to be sceded qulckly
after the harvest of fhe monsoon crop in order to make maximum utilization
of the residual soi! aoisture supply. In some arcas, the date of sceding
may be altcered in ooder to avoid maxinum discase and insect injury. In
India, the vector spreading yellow mosaic virus is least prevalent during
summer, so virus damage is less severe on mungbean planted during the
summer season. In Thailand, bLeanfly 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 presoaking nrior to planting may be beneficial on dry soils to
preparc the scedbed. 1nis is followed by four to eight furrow irrigations
throughout the qgrowing season as needed to avold severe drought stress.
Drought stress is most harmful to seed yields if it ocours just prior to
flowering and dutingthe pod-filling stage (Chiang and Hubbell, 1278) .
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 necd to be drained since
muagbean 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 mungbean plant for soil moisture, mineral nutrients,
and light, and hinder harvest operations. Uncontrolled, weeds may reduce
yields by as much as 90% (Madrid and Vega, 1971). The first step in weed
control is a well prepared seodbed in which many of the weed seeds have
germinatad and the weoed scedling plants destroyed. The mungbaean plant is
not strongly competitive with weeds during its early growth (Moody, 1978),
but the competitive position will boe improved with high plant populations
and inoculation with cfficient rhizobial strains.

.giLJBLLEQﬁLEMEI' Weed competition may bhe veduced by hand weeding,
hoeing, machine cultivation, and application of herbicides.  Hand weeding
may be injurious if it loosens or Hproots the mungbean plant in the process.
Care necds to be exercised in hoeing to prevent injury to the mungbean root
system. The first 5- (o 6-weok period after sceding is the critical time
to kecp munghoan weod{ree according to experiments i the Philippines
(Madrid ard vedga, 1971 Moody, 1973), Tunzania {(Enyi, 1973), and India
(Rethinam et al., 1976A; M. Singh, Rolar, and Sandhu, 1972) . pPow or hill-
planting facilitates hand weeding and hocing, and is ossential for machine
cultivation. Machine cultivation should be shallow to avoid injury to the
reot systom.  Weeds nay be shaded out by the carly development of a dense
plant canopy. The plant canopy develops more quickly if the mungbeans are
planted in narrvow rows and with high plant populations.

(b) Herbicides. Herbicides, cither alone or in combination with
cultivation, may be usod to control weeds in mungbean.,  Herbicides differ
in the effectiveness with which they control different weed species, so
accurate identitfication of the weed species to be controlled is neaded.
The effectiveness of the horbicide 15 owffected by the time, rate, and
method of qpplication; by temperature, ard other environmental conditions
at. the time of application; and by 501l texture. Higher rates of

herbicides are normall Yy orequired on organic or ¢ lay soils, due to

adsorption on the colloi.l particles, and lower rates on coarsc textured

or sandy soils.  Seodling weeds are more caslly killed than mature weeds,

and their destruction results in less competition to the minabean plant

than it the weeds are permitted to mature. The rate of herbicide application
should be adjusted to give maximum weed control without significant injury

to the mungbecn plant.  Application rates in excess of those needed for
efffective control of woods couse unnecessary production costs and also
increases the injury to the mungbean plant.

The method of application is determined by the specific herbicigde
being used and the tyre of weed to be controlled. Herbicides that
volatilize readily, or which decompose upon exposure to sunlight, are
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applied before planting and mixed with the upper l- to 2—-inches of soil,
but kept above the germinating sced.  Known as pll.(’_p.(fanf(’ herbicides, they
are used primarily to kill grass-type weeks but may also be cffective on
some broadleal weads. Preemergence hervbicides, used to kill broadleaf
weeds and some weed grosses ool controlled by preplant herbicide
applications, are sprayed onto the weed plants. I the herbicide is
harmful to the mungbean ploant, spot applications may be made to the weceds,
about two to three weeks alfter the emergence ot the mungbean crop. Before
applying a herbicide, the labed should be exacined carefully to learn
which weeds it will control, the crops on which it can be applied safely,
the method and rate of application, and special precautions to be taken
with its use. Horbicides are generally applied in a ligquid form with a
sprayer. Cranular herbicides are more expensive, less ceffective, and
would rarely be used on yrain legumes such as mungbean.

Tncrease in grain yvields of mungbean from wzed control have been
reported from Indix by P. Singh, Choubey, and Kushwaha (1971), Saroha
and Gupta (1972), Retinahm ot al. (1974), Thangaraj and Soundarapandian
(1974), Rethinam, Sankaran, .nd Sankaran (1976), Rethinam et al. (1976B),
Patro and Tosh (1977), and with blackgram by Al et al. (1974).  The
increase in grain vield from hoovd weeding over unwecded averaged 82% in
five experimentsa.  Tnoreases Prom use o herbloides over unweeded checks
werae as follows: trifluralin, 514 (1 expeviment); 2,40k, 20% (1 experiment);
nitrofen, 929 (5 cxperiments); alachlor, 26, (6 experinents); terbutryn,
14859 (2 experviments); and dichlovmate, 83% (2 experiments). A partial list
of herbicides for weed control in mungboen is aiven in Table 7. In the
Philippines, butvalin and chlortaal ave used for preemergence application
to control annuial grasscs and broadleal weods, and bentazon for post-
cmergence application to cortain broadleat weeds and sedges (PCARR, 1977) .
Tn Australia, trifluaralin is ased as 0 precmevdgence  spray (Lawn and
Russell, 1978). 1 Oklahoma, 0.95.4A., triifturalin and profluralin are
used for prepl.ot and DCPA for precierdgence application to mungbean
(Greer, 1990) . AL AYRDC, bubtralin controlled both grass and broadleaf
weeds with mininum damage to the mungbean (AVRDC, 19738C) .

Currcntly, the formulation and markel ing of herbicides is a dynamic
ficld of activity. Hew, improved herbicides may bhe expected to replace
those listed here, or currently used herbicides may be removed from the
market if they are fommd to be msatisfactory.  The performance of a
herbicide is affccted by many onvironmental and other factors, and
speci fic herbicides should be tested thoroughly in an arca before their
use is recommended.  Also, the eoffects of o particular hevbicide on the
rhizobkial strains in the soil that are efficient in nodulating mungbean
need careful study betore the herbicide is used to control weeds in mungbean.

Use of herbicides te control weeds will be practiced most widely in
developed countrics where mungbean is grown in barge fields; labor custs
are high; and hevbicides, spray cquipment, and technical assistance are
readily available.  Rate of application and incorvporation of preplant
herbicides will be more accurate where machine rather than hand application
procedures are used.  Where mungbean is grown in troplcal arcas with a low
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Table 7. Partial List of Herbicides for Weed Control in Mungbean.a

Common Name Trade Nameb Method of Application Types of VWeeds Controlled

Alachlor Lasso Preplant or mreemergence Annual grasses, nutsedge, and some broadleafs
Zentazon Basagram Postemercence Broacleafs

Butralin Amex 820 Preplant Annual grasses and some broadleafs

Chilcramben Amiben Preplant or preemergence Annual grasses and many broadleafs

Cnlerthal, DCPA Dacthal Preemergence Annual cgrasses and a few broadleafs
Diphenamid Dymid Preplant or preemergence Annual grasses and some broadleafs

Nitrofen TOK pre- or postemergence Annual grasses and some broadleafs
Trifluralin Trefian Prevlant Annual grasses and some broadleafs

Vernolate Vernam Preplant Annual grasses, nutsedage, and some broadleafs
2, 4-DB Butyrac Postemergence Broadleafs

Requlatlons 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 crop on which use is safely recommended by
the manufacturer, for particular weed species that may be controllec, and for precautions to be taken
in handling and use of the herbicide.

Trade names are used in this publicaticn 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.

17
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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 mungbean plant is indeterminate; uncew Flowers open and pods
ripen over a perviod of several weeks.  The mungbean plant does not senesce,
the process of reaching physiological maturity Tollowed by shedding of
leaves uniformly from the plant. It is common to have green leaves, open
flowers, drecn pods, and ripe pods on a mungbean plant at the same time.
Ripe pods remaining on the plant for long periods may shatter. During
long periods of procipitation and high humidity, the vipe seeds may mold
or even sprout in the pod.  To avoid loss or damage to sceds, in many
arcas the mature pads are picked as they ripen.  Long-season varicties
require three to five pickings. New, short-season varietics may need
only two or three pickings.

Hand picking is laborous and the most expensive single operation in
mungbean production. It amounts to 25 to 30% of the total production cost,
and 40 to 509 of the total lanor cost (Calkins, 1978). At AVRDC, in
Taiwan, the fall crop was harvested more of ficiently than the spring crop
because the fall harvest was completed with two pickings, vs. three to
five pickings in the spring.  In the tall, laborers averaged 3 kg/hy per
person, in the spring they only averaged 1.9 ka/hr (AVRDC, 1978A) .
Variecties differed in the ettficiency with which they could be havvested.
In the fall harvest, laborers could harvest 4.6 ka/ba of the variety
PHLV18 bult only 2.7 kg/hr of the variety ML=3. PHLVIE produces long
pods and large sceds, with most of the pods borne in the top of the
plant where they are casily accessible.  ML-3 produces short pods and
small sceds, with the pods scattered unilormly over the plant, requiring
additional time !orv picking.

Pods picked by hand are dried in the sun and threshed by trampling;
or they arc placed in o jute bag and beaten out with a stick. Sced is
separated from the hulls by screening and by winnowing. Seed needs to
be dried to 12% moisture or below before storing.

Efforts are being made to mechanize the harvesting operation to reduce
labor costs. The entire plant may be harvested with a sickle and seeds
trampled out. (Islam, 197%), or cut and threshed on small threshers such as
used in Southeast Asia Tor rice and wheat. Cutting and threshing increased
labor cfficiency tenfold over hand picking at AVRDC (AVRDC, 1978B). A
thresher with o rasping bar is saperior to one with a spike tooth cylinder
as Fewer scods will bLe cracked and domaged.  In the UGS AL and Australia,
mungbean i harvested with a c. o ine-thresher, cither by cutting directly
or by picking up harvested plants from a windrow. in harvesting with a
combine, ground speed should be kept slow to avoid shattering, and cylinder
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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 ave to bz stored without drying. Combining below 10% moisture may
result in excessive cracking ovr secdeoat injury. Uneven ripening of mungbean
pods and ripening of pods before all of the leaves are dry causes problems
in combining. Delaying the combining until ail pods are ripe will cause
loss from shattering of carly ripening pods.  Generally, mungbean may be
combined when about 7%% of the pods are ripe.  Combining at this stage
results in sowme green leaves, broken green stems, and immature sceeds being
included with the grain.  This materi.al will increasce the moisture content
of the sced unless removed.  Otherwise, the grain heats rapidly and the
seeds lose viability making them unfit for sprouting.  Arvtificial heat may
be cmployced to aid in drying, but drying at too high a temperature will
reduce germination.  The maximunm temperature for drying soybeans to be
used for seed is 43°C, and this would seem to be a safce maximum temperature
for drying mungbean. Dried seced needs to be handled carefully to avoid
cracking.

bPefoliation

Dessicants may be applied to mungbecan before comblne harvesting to kill
leaves and reduce the green foreign material in the combine harvested sced.
Other benefits are earlier harvest with less loss from shattering and faster
combine ground specd. In Australia, the dessicant, paracquat, applied when
pods were 75 to 100% mature did not significantly reduce yields (Beech and
Wood, 1978). Usec of 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 insects. Both
are favored by high moisture and warm temperatures. Good ventilation of
storage ar«as to dissipate accumulated heat or moisture is an essential
safeguard. Forced air drying of sced storage in bins will aid in keeping
the grain in good condition.

The most common and destructive storage pests of mungbean are the bean
weevils, Callosobrichis chinens(s 1. and C. maculatus 1. (S. N. Singh and
Lal, 1975). 1Infested grain may be completely dectroved by these insects.
Control begings ty thoroughtly cleaning all storage areas, bins, sacks, or
other containers of insccts or remnents of infested grain.  Bins, sacks, or
containers should be fumigated with aluminum phosphine or sprayed with
malathion. cCare should bhe taken to prevent bringing insects or insect eygs
in with yrain. Drying grain by exposure to hot summer sun will des st roy
many of the insects.



VIII GENETICS

Genetic studies of the mungbean have been conducted largely in India
where the crop is grown most extensively. Even so, the studies have been
limited, rcflecting the lesser importance of mungbean as a crop, in
comparison with the cereals, or soybeans. The small size of the chromosomes
also discourages cytological studies, or makes them difficult at best.

Cytology

Mungbean has the chromosome number 2n = 2x = 22 (Karpechenko, 1925) .
The chromosomes vary in length from 28.1 to 73.3 j and may be identified
at pachyltene on the basis of chromosome amn ratios and relative' lengths
(Krishnan and De, 1965).  Krishnan and De grouped the somatic chromosomes
into six types on the bhasis of longth, position of the centrowere, and
presence ov absence of sceondary constrictions.  Two nucleolar chromosomes
differ in relative length and position of sccondary consturictions at
pachytene and somatic metaphase stages.  Inoa comparison of karyotypes
in three wild typoes and two cultivated varieties, the wild types had
shorter somatic chromosomes than the cultivated varicties (Shrivastava,
Singh, and sharma, 1973 . BEhatnagar et al. (1974) compared the chromosome
complements of scoveral related specics and suggested a karotype Fformula

- Sm [ . — B - - N . 1
for mungbean, 47" 4+ a5 4 3™ (where 1L = long, 2.7 to 2.5 y; M = medium,
1.9 to 2.6 {; SN = gubmedian centromere; and ™ = median centromere) .

Interspecific llybridization

Mungbean (V(.gm‘( nadiata (L.) Wilczek) is closely related to blackgram
(V. mungo (L.) Hepper), rice bean (V. wnmbelLlata (Thumb.) Ohwi and Ohashi),
adzuki bean (V. angufatis (Willd.) Ohwi and Ohashi), and a wild species, V.
nadiata var. sublobata (Roxb.) Verde. All of the related species, like
mungbean, have chromosome numbers of 2n = 2x = 22, Genome designations AN
have scen proposed for UV, nad{ata and V. mutge  (Dana, 1966A) and A Ay for
V. umoellata (Dana, 19G6B) . Blackgram, ricebean, and adzuki bean have
characteristics that would be usofnl in wmungbean if they could be transferred
through breeding procedures.  So far, this has not been accomp lished,

The interspecific cross, mungbean x blackgram, has been made by Sen and
Ghosh (1960A), Dana (1966A), De and Krishnan (1966), Ahn and lHartmann
(1978B), and at AVRDC (AVRDC, 1979) . Blackgram has resistance to the
disease pathogens causing CercosSpora leaf spot, mungbean scab, and yellow
mosaic virw:; resistance to cowpen woeevil; and high methionine content in
the sead protein.  The cross is successful only i wungbean is used as the
female parent.  Compatibility, as measured by percent hybrid sceds obtained,
germination of hybrid secds, and survival of Py plants, varies with the parent
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genotypes (AVRDC, 1979).  Compatibility is improved if two mungbean
varietics are crossed and the 'y crossed as female with blackgram, but
germination ol I, sceds is stil) irreqular (Ahn and Hartman, 1978B).
Fertility was partially restored by converting the 1 into an amphidiploid
(U. Singh and Singh, 1975).

The rice boean is resistant to the pathogens causivg (’C’I.C(Jb))(m(( leaf
spot and powdery mildew ond o the beantly.  Phe interspecific cross,
munagboan = rice bean, hag boen made by Dana (1966B), Sawa (1974), Ahn and
Hartmann (19786), and at AVRDO (AVRDC, 1979) .  Some viable 'y soeeds are
obltained It mungbean is used as the fomale parent, but Fy plants arve
steriles The hvlnid sterility is partially overcome by doubling the

chromosomes ad poroducing an amphiidiploid.

The interspecitic cross, mungboan < adeuki bean, has been reported by
Sawa (1973) and Al oand Bartmann (19788 19781) . In both attempts, the
cross produced o foew seods which grow slowly and then aborted shortly after
polbination. By culturing Fyoembryos, o lew scedling hybrid plants were
obtained which veached maturity but produced no sceds. The low level of
chromosome pairing sugoests that the twa spocies are distantly related.

A cross of mungbean = Vo oradata var. subfeba ta, the wild relative,
was reported to be cucconstul ey when mundgbean was used as the female
pavent (Ahueija and Sinch, 1977, hut recitrocal cronses were stccessiul at
AVEDC (AVRDC, 1979) . Ahuala auud Singh carried the crosa through the Py
generation, observineg a wide roange i searodgation. A cross betwoeen mungbean
and an unidentificd totvasdoio Phaseolus Specieos prodoced one 'y plant that
reached maturity bot did not prodduce coedn (Dana, 1905%) . A cross of auto-
tebtrap lotd mangb:ean as remale wilh Ui unddentitied tetear lotad PhaseoCus
produced secds, but fhe hybrid ploants rai led b Produce seeds except when
backerossoed an female to the autotetraploid mungbean (Krichnan and De,
1O68) . Hvbrid plunts Srom the cross mungbean x V. tadlobata were sterile;
when the chromosomes were doubloed, fertilo amphidiploids were obtained
(Dana, 19666 and [96G6D) .

Genetic Variability in Vigna nadiata

Divergent views have been cxpressed about Lhe range of qgenetic
variability in the mungbean.  Mungbean brecders in various countries
initiated breeding progroams with small indigenous collections of related
germplasm.  Lack of progress in theue breoeding programs often led to

pessimistic expressions regarding gonetic vaviability in the spocics.

For these programs Lo ve nede brooding raogress, infasions of gornp Lasm
from a broader geomap hic and genctio base would hoave been neodaed, A more
optimistic viewpoint on broadth of the genetic variabi ity has boeen
repovted in ogermp basm o ovaluat bon ot e reported by Bhoogava ot al,
(1966) , Chowdhary of a1, (1262) , Gupta and Singh (1970), Yohe and Pochlman
(1972), Mathotra, Sinagh, and Sineh (T9730) , AVRDC (1979), vl othors.  AE
AVRDC, 68 promicing Himes were ovalaatod o 0o Jquantitatively measured
agronomic charactors snuch s yield, pods/plant, sceds/pod, 1,000 seed
weight, pod lenath, and others (AVERDC, 1979 . Significant ditferences
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among varietics were recorded for all characters studied, sujgestinag that
genetic variability adequate for varictal improvement in these characteristics
was available among the accessions evaluated.  Since unadapted HUYalnsg are
generally included in these studies, it is relatively common to observe a
wide variation in cxpression of quantitatively measured plant characters.

For this reason some of the reports may be overly optimistic about the

useful range of variability, especially where only small number of
accessions wore cxanined.  With quantitative characters, the breeder needs

to look for variuability that will contribute to siynificant improvements

over adapted varictices. '

Searches to find specific genes to correct deficiencies in adapted
varicties are often tess rewarding. The largest collection of mungbean
germplasm, about 5,000 accessions, 1o maintained at the Asian Vegetable
Research and Develorment Center (AVRDRC), Shanhua, Taiwan.  But only a
small number of accessions from the collection have been identiticed with
resigstance gones to important disease pathogens or insects.  or example,
resistance for Cercospora leat spot was identified only in 6 accessions;
rosistance for powlery mildew in 15 accessions; rosistance for mangbean
mottle mosaic in 7 dacoessions; resistance for doamping-or? and a root
diseasce complex, none; resistance for rootknot nematode in 4 accessions;
resistance for beantly in 3 accensions; resistance for pod Lorver, none
highly resistant; resistance for Lruchids in 2 accesstions (AVRDC, L979).
Tt is probably that some of the accessions resistant to the particular
pest are related, hence the actual number of genes for resistance with
which the breeder has to work may be even fewer than indicated by the
number of resistant lines identitfied.

The genotype = envirvonment interactions ave important in evaluating
strains tfor potential yicelding ability. In any particular trial, ~dverse
environment.il response Lo photoperiod, length of crowing scason, presence
of local discases, olo., o seriously ispair the yield of a strain which
may hiave high yield perential in other cnvironments {(Joshi, 1969). This
was demonstrated Coree ully at Luadhiapa, Punjab, in the dth International
ungbean Hursevy, wiee the only stvains that prodicced cconomic yields
were those with resistance to the mungboan yellow mosaic virus (Pochlman
et al., 1976). Another problem with covaluation of germplasm collections
is that genetic diversity is no longer assared by diversity in the
geographic origin of an accession.  Fxcehanges in gormplasm amonyg mungbean
breeders has resulted in the same strain, or slight variations of it,
being qrown in many ditvferent qeographic arcas.  The germplasm col lection
Gt AVRDC has numerous duplications because the same strain was submitted

to it by breeders from more than one production area.

The importance of developing and maintaining diverse germplasm
collections is discussed later in this report.

Qualitative Inheritance in Munybean

Genetic studies in mungbean were hegun in India by Bose (Bose, 1939).
Presently, 45 genes have been identified (Fery, 1980). Tery, in his
"Genetics of Vigna" constructed a sct of gene nomenclature rules for the
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genus Ui.gna, adapted from nomenclature rules developed for Cucurbitaceaec,
and proposed a preferred gene symbol for each of the 45 U,L'gna radiata genes.,

Twenty-seven of the 45 genes reported relate to color of munagboean
plant structures. The color markings include epicotyl color (Sen and
Ghosh, 1959); flower color (Bosc, 1939; van Rhecnan, 1205; Murty and
Patel, 1972-73); foliage color (Pathal: and Singh, 1963); fruit color
(Sen and Ghosh, 1959); pubescence color (Sen and Ghosh, 1959); hypocotyl
color (Sen and Chosh, 1959; van Rheenan, 1965; Swindel!l and Pochlman,
1978) : pod color (Sen and thosh, 1959; bathak and Singh, 1963); pod
suture color (Bose, 1939; Pathak and Singh, 1963; Murty and Patael,
1972-73); and seed coat color (Bose, 1939; sen and Ghosh, 1959; van
Rheenan, 1965%; M. K. Singh, 1973). Inheritancoe studiog relating to color of
Plant structures are often ditficult te interpret because they involve
shades of colovy which were namod without veference to standar.d color
charts, hence the nomenclature differs with different rescarch workers.
This could lead to duplicate names for particular genes.,

Inheritance of sced coat texture and color presents a special problem.
Dull seced coat is reported to be dominant to shiny by Bose (1939), van
Rheenan (1965), K. B. Singh and J. K. Singh (1970), and Murty and Patel (1972,
1972-73). Watt, Pochlman, and Cumbice (1977) reported that dull sceds are
covercd with o texture layer originating from the inner pod membrane, which
when removed exposes o shiny seed coat underneath.  The membrane may be
igmented, brown o bl ack, or it may he transiucid through which the color
of the sced coal underneath is visible. With rhig information, carlier
inberitance studics on sced color need to be reevaluated Lo identify
whather the color ma kings reported were present in the sced testa or
in a rough outer membrane laycer.  Seed color caused by pigmentation in
the outer membrane layer would be dependent upon the layer being present
which is inherited Lndependenitly from seed testa color.

Photoperiod insens itivity was reported to be dominant over photoperiod
sensitivity by Verma (19713 and Tiwari and Ramanujam (1976B). Neither
cxperiment was conducted under cr ¢ rolled Photoperiods, so it is difficult
to know whethor the authors were ~uring photoperiod response or earliness,
4 charactevistic which is Frequently dominant.  Swindell and Pochlman (1978),
working in a sories of centrol led photoperiods, identificd ¢ dominant or
partially dominant gene for Photoperiod sensitivity in mungbean acecession
PTIBO3LY which was cxprossed in 16- or lda-hour but not in 12-hour photo-
periods.  In absence of the elfect of the gene, dominance % dominance
epistatic effects rom background genes were indicated as governing days
Lo flower.

In addition to the above, genes have been reported for resistance to
pathogens causing bacterial leafr spot, C(’/'IC.O«é)JO)Ld leal spot, mungbean
vellow mosaic virus (Thakur ot al., 1977B), and cucumber mosaic virus
(Sittiyos ct al., 1979). Genes have also been identified governing
flowering (Tiwari and Ramanujam, 1976B); presence of pubescence (Murty
and Patel, 197.-73); leaf margin shape (D. Singh and Mehta, 1953; Sen and
Ghosh, 1959; Pokle, 1972); plant growth habit (Sen and Ghosh, 1959; Pathak
and Singh, 1963); and pod clusters ("". P. Singh and K. B. Singh, 1970).



Genes identified earlier in Vigna hadiata 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 Inheritance in Mungbean

Many characters important in breeding are inherited in a quantitative
manner. VYield and quality are typical examples. Improvement in the
expression of a quantitative character is dependent upon having a range
of genctic variability for the character under consideration, and an
understanding of the mode of aene action so that the most efficient
breeding procedure may boe utilized.

(@) Association of Plant Characters and vield. After genetic
variability for plont characters has been identified, the breeder is
confronted with sorting out the combination of characteristics that may

be compined to give the highest vield potential. One tool that is employed
to assist in identifying the related chavactevistics is correlation analyses
Correlation coefficicnls for the yvield components——pods/plant, seeds/pod,
and seed woeight--with yield in mungbean are reported in Table 8. The

vield component pods/plant was closcely associated with yvield in all
experiment:s. A low pod production may be partially oftset by more
secds/pod and heavier seeds, but the relationship of the latter yield
components with vield was less consistant.  Plant aize, as measured by
height and number of branches, was also highly correlated with sced yield
(Gupta and Singh, 1969; Malhotra, Singh, and Singh, 1974; Yohe and
Pochlman, 1975). While abundant pod production is necessary for high

seced vicld, Targe plants provide the sites on which to hang the pods.
Maladies such as discase have an adverse effect on yield. A negative
correlation of virus injury with yield (r = 0.630%) was rcported by

Yohe and Pochliman (1975).

Table 8. Correlation Coefficients for Grain Yield with Yield Components
in Mungbecan.

Pods/ Seeds/ Sced Reference
Plant Pod Weight

-.384 . 154 Gupta and Singh (1969) 2
L851%* L 444% .160 Singh and Malhotra (1970B)
.950%* .O80** -.210 Joshi and Kabaria (1972,4
.997 .073 .929 Chandetl, Joshi, and Pant (1973)a'C
.858** .292 L2356 T. P. Singh and K. B. Singh (1973A)b'd
L9851k % .690** LABGF% Malhotra, Singh, and Singh (19741\)b
.878% .6O1* L764% Yohe and Poehiman (1975)P
.A440%* .400 L6U0**  Bhaumik and Jha (1970)0

aGenotypic correlations. CSignificance not reporced.

b . . . d .
Phenotypic correlations. Average of six crosses.



(b) Heritability of Yield and Associated Characters

Partitioning of phenotypic variance into genetic and environmental

cuases is done through hevitability analvses.  1n broad sense heritability

stimates, the genetic portion contains variance due to all genetic
influences. Narrow sense herit, thility estimates include only that
portion of the variance due to additive gene ('_'f facts and hence responsive
Lo phenotypic selection.  Heritabi Tity estimates of yield and associated
parameters in wungbean have beon reported by Gupta and Singh (1969), Empic
et oal. (1970), . B. Singh and Malhotra (1970a), Tomar, Singh and Sharma
(1972), Joshi and Kabari (1973), Verraswamy ot al. (1973), and others
Fery (1980) has summarized the broad sense herlicab.lity estimates For
various traits including the yicld parameters.  Wide varviations in
heritability estimates have beon reported; 22 to 90% for number pods per
})lant, 6 to B3Y for seeds per pod and 51 to 994 for sced wolght. The
variations are a rosult of (@) cach hevitapi ity estimate being calenlated
in and applicable to o particular envivonment only, and (b) typoes of gene
action differing with different parent varietics. In most of the
experiments, hevitabi Lity estimates reported for vield and the vield
components, pods per plant and scods per pod, are lower than for the
yield component, seod weilght.  Plant height and davs to flowering
generally have hidgh heritability values in most environments.,

_(_C_) Combininnj F\l)ivl_i.l_‘/, Tvpes
Analys 5 of YL(ﬂ_(_l_JH(‘ Jis Componer The inhoritan(, of yield and its
component s in mungbean has heen ‘tndl(ui for combining ability and type cf
gene action by the use of diallel crosses by K. B. Singh and Jain (1971A
and 19718), T. . Singh and Singh (1971, 1972, and 1974), Yoche and
Pochlman (1975), Ramanuiam (1978), and Ko (1979). Qverall, the combining
ability studios show that qenet e variability for yield and its major
components is the result of both gea and sea effects, the magnitude of
the ef fects varving with the population and the environment. Since gea
variances were agoenerally greater than $ea vari. ances, the variables were
predominantly controlled by loci with additive gene effects.  Thus classical
breeding systems which make use of additive gene variance would be effective
for genetic modification of vield and its principal components.,

of Gene Action, and Path Coof ficient

Yield is determined by contributions from several yield components.
The direct and indirect contributions to vield of specific yield comporients
has been measured by path coefficiont analyses (K. B. Singh and Malhotra,
19708B; . p. Singh and Singh, 1973A; Chan-el, Joshi, and Pant, 1973;
Giviraj and Vijayabumar, 1974; Malhotra, Singh, and Singh, 19748; Pokle
and Patil, 1975; ghaumil and Jha, 1976; and Ko and Chee, 1976) . Pods-per-
plant were shown to contribute indivect ly throuyh secds-per-pod and seed-
weight. Plant heilght and number of baranches contributed indirectly to
yiceld through pods=per-yp| mt:, tall plants with many branches being capable
of supporting the most pods.  The studies confirm the importance of a large
number of pods per plant to oblain high yields, an association that was
stablished also by correlation analyses.
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Heterosis in Mungbean

Hetcrosis in mungbean following intervarietal crosses has been reported
by Bhatnagar and Singh (1964), Misra, Sahu and Tripathy (1970), K. B. Singh
and Jain (1970), Ramanujam, Taiwari, and Mechra (1974), Swindell and
Poehlman (1976), and Ko (1979). Over all experiments, the increase in
vicld of the hybrid over the midpavent ranged from 17% to 208%, and the
increase of the hybrids over the high parent ranged trom 1% to 188%. The
hybrid was significantly higher in yicld than the midparent in only 23 of
58 crosses, and signiticantly higher than the high parent in only 6 of 33
crosses.  The Jow proportion of crosses with sigaificant helerosis suggests
that o lLarge number of hybid combinations need Yo he made in a mungbean
improvement proyran in order for superior cross combinarions for yield to
be identificd. In cddition to yield, positive heteorosis was reported for
characteviatics veloted to plant size, such as height, number of branches,
and branch length., Heterosis was not observed or was negative for seed
welght.  Generally, hybrids werve carlier than the widparent. Heterosis
for protein content was obscevved, but the magnitude of the heterosis was
small (T. P. Singh ond Singh, 1973B). Out of 20 crosses, only 3 exhibited
signitficant heterosis for methionine content (PTiwari and Ramanujam, 1976A).
With the closcd pollination system in mungbean, it is unlikely that
heterosis will be u%ploitcd commercially in this crop.

)

Polyploidy in Munygbdan

Mungbean and i4s close relatives are dipleid species. Autopolyploidy
may be induced by tleating apical buds of seedling plants with colchicine.
The colchicine is applied as the first pair of secedling leaves are
expanding by coverifg the apical bud with a cotton plug soaked in a
0.2% to 0.4% colchidine solution (Kumar and Abraham, 1942A and 19428;

Sen and Murty, 1960}, or by applying the colchicine in a lanolin paste.
Affected plants mavibe mixoploid. Seeds harvested rom suspected tetraploid
sectors arce goerminated and chromosome counts made from root tip scctions

to verify whether ol not they are tetraploid. Scedlings identified as
tetraploid can thoenjbe grown to maturity.

Tetraploid plogts of mungbean grow slowly, are smaller in size, have
fewer branches, and|flower later than diploid plants (Kumar, 1945; Sen and
Murty, 19GO; den anyg Ghosh, 1960B). The lecaves of the tetraploids are
darvker grcen, Lhickdr, and snmaller than leaves of diploids. Plowers are
conspicuously larger and tend to set fewer and heavier sceds.  Genotypes
differ in the pcrfnfmJnco of the tetraploids. Sclection within the
tetraploid progenices improved fruit sctting, but not size of fruits and
number o’ seceds per pod (Sen and Murty, 1960). The I, progenies of crosses
among tetraploids woere highly variable with some plants exceeding the
corresponding diploiid in yield (Zen and Ghosh, 1960B). All reciprocal
crosses of tetraplotds with diploids [ailed.

Posgibilities o7 using tetraploids as comnercial varicties do not
appear promising, bul they might be useful in bridging a cross with a
tetraploid species. A natural tetraploid identified as V.igna radiata
var. glabra has been identified. The tetraploid originated in the
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Philippines, is perennial, has hypogeal germination, and is suspected of
being amphidiploid in origin (Swindell, Watt and Evans, 1973). A
spontaneous amphidiploid has been identified which originated as a
branch of an I’y plant of the interspecific cross, Vigna radiata x V.
tilobata (formeriy Phaseolus trilobus) (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 resecarch 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
My generation, studics have been conducted to cvaluate the sensitivity of
mungbean to mutagenic agents (Murray and Newcombe, 1970; Rajput, 1973;
Yahya, Alam, and Yousouf, 1975; Khan and Hashim, 1978). Effects commonly
observed in Mp gereration are roeduced germination of trcecated seeds,
reduced height or pilonts, reduced Ffertility and sced yield, and reduced
nodulation (Rangasamy, Oblisami, and Krishnaswami, 1973). With mungbean,
60Co gamma radiation has been used extensively as the mutagenic agent,
although radiations from x-rays and neutrons, and the chemical mutagens,
EMS and DMSO, have been ased also. A %%co gamma radiation dose of 30 to
40 KR was effective for inducing variabilitv (D. P. Singh, Vaidya, and
Bhatt, 1979). The mutation spectrum produced by EMS or DMSO differs
from the spectrum produced by radiation. CGencrally the effects are less
harsh, prodecing more gene mutations and fewer chromosome aberrations
(Chaturvedi and Singh, 1978).

In M, and subsequent generations, Santos (1969), Dahiya (1973 and
1978), Rajput (1974), Tikoo and Jain (1974), Prasad (1976), and others,
reported mutations for shorter plants, earlicer maturity, increased number
of branches and pod clusters, higher pod set, heavier seeds, and higher
protein content. Of these characters, only the increased number of pod
clusters and higher pod sct were correlated significantly with increases
in yield (Krislmaswami, Khan, and Rangasamy, 1973).

The purpose in mutation breeding is Lo increase the range of
variability in specific chavacters. Seldom will the primary mutant be
as vigorous and productive as the parent variety. 2fter a desired mutant
gene 1is identified, then the mutant gene will need to be transferred into
adapted varicties by traditicnal recombination breeding programs. Often
the mutant is accomparnied by undesirable plelotropic 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 brecding program with mungbean was organized which is now
supplying breeding materials to national programs in Southeast Asia and
¢lsewhere. The initiation of the International Mungbean Nursery in 1972
also stimulated interest and international couperation in mungbean breeding.

Flowering and Crossing Procedures

Flowers of munabean are borne in clusters of 10 to 20 in.axillary or
terminal racemes. Pollination occurs at night, beginning around 9 to 10 p.m.,
and is completed around midnight (Bose, 1939). Early the next morning the
flowers begin to open, remain in full bleom until shortly before noon, and
then begin to close and are fully closed by mid- to late-afternoon. Self-
pollination is the rule and cleistogamy is common (Narasimham, 19Z27), but
outcrossing by small pollen-carvying insects may occur. The outcrossing
averages around 2 ta 5% (van Rheenen, 1964; AVRDC, 1977), but will vary
with the variety and the scason.

Flower shedding in mungbean is common, plants producing many more
flowers than sct sceds.  Flower shedding is increased by high temperatures
and dessicating winds during the flowering period. Flower shedding
averaged 60% in nine vavieties in Rajasthan state in India (Bhatt, Mishra,
and Chandola, 1972), and 46 in four varieties in Punjab state (Kaul, Singh,
and Sekhon, 1976). Under the Punjab climatte conditions there was 38%
flower shedding in blackgram and 54% in cowpea.

The crossing procedure in mungbean is not difficult, but seed sect is
often low duc Lo the high amount of pod shedding following artificial cross-
pollination. Crossing is accomplished by using the technique described by
Buishand (1956) for beans, as modified by Boling, Sander, and Matlock
(1961). FEmasculation is pertformed by pushing one side of the standawd and
the corresponding wing petal outward with a dissecting needle, and removing
cne-half of the keel petal and the anthers with forceps, taking care not to
injure the stigma.  For the pollen source, mature Plowers are selected in
which the anthers have dehisced and covered the stigma with ripe pollen
grains. The pollen covered stioma is brushed light ly across the stigma
of the cmasculated flower to complete the pollination. After pollination
the wing and standard petal are returned to their original position,
covering the pollinated stioma to prevent it from drying out. IHighest
pod set is obtained by emasculating in the evening with pollination the
following morning (. P. Singh and Malhotra, 1975). About 20% pod set
has been normal, although 60% pod set with an average sced set of 6 seeds
per ped has been reported from AVRDC (Park and Yang, 1978).

56



[8;]
~J

Germplasm: Sources, Collections, Characterization

An initial step in 2 breeding program is the assembly of germplasm
with a wide range of qgenotic variability. The breeder acquires his working
germplasm collection from (@) native or improved local varieties, (D)
varietion and breeding lines from ox Lsting breeding  programs or qgermplasm
collections, and (¢) closcely related wild specics.  Local varieties, where
available, ave usually acquirved first.  Local varieties of native origin
are often low in viceld potential, butr may possess characteristics that give
stable production in the local environment. Local col tections may be
supplemented by varicties and breeding lines acquired rom other mungbean
breeders or from mungbean germplasm collocti ns. Improved varietics,
whether developed locally or aoauived from elsewhere with production
potential proven in local trial:s, generally provide the most substantively
genetic materials with which to initiate a breeding program (Horst, 1961).

The qgeneration of improved breeding materials has boon aungmented with
establishment of the Asicen Vegetable Reocarch and Development Center, located
at. Shanhua, Taiwan.  An c¢xtensivo breeding program has been developed at
AVRDC, with several hundred crosses made annual ly from genctically diverse
parent materials.  Seeds rom segregating progenies of these crosses are
distributed frecly to mungbean breeders (Park and Yang, 1973) . Exchange
of elite varieties and breeding lines is also facilitated by distvibution
of the Tnternational Mundbean Nursery from AVRDC to cooperators in ..any
countries.

The wild and cultivated relatives of mungbean provide another source
of breeding materials. Many of the close relatives have genes for discase
resistance or other characteristics that would be useful if they could be
transferred into the mungbean species.

(&) Germplasm Collections. Germplasm collections of mungbean are beinyg
assembled and maintained for future vse.  The largest collection, which
contains about 5,000 accessions, has been assemblod at AVRDC. Sceds from
the accessions are available for distribution to mundgbean research workers
everywhere. A collection of mungbean germplasm accessions is maintained by
the U.S. Department of Agriculture at the Sout hern Regional Plant Introduction
Station, Buperiment, Geordgia. A catalog of 'Table Lequmes' published by the
USDA lists 1,925 acceonsions of U(gm‘( vadiata and additional accessions of
several related specics (USDA, 1978) . Duplicate samples of USDA accessions
arce stored in the Hational Sced Storage Laboratory, Fort Collins, Colorado,

a long-term storage Tacility.  MHational germplasm collections of mungbeans
are maintained in India (1,200 accessions), the Philippines (2,200
accessions), Afghanistan, Austrolia, Bangladesh, and other countries (Avad
and Anishetty, 1930) . Mungbean rescarch workers are nrged to send samples
of novel Lreoding materials, fncluding wild relatives, Lo AVRDC and to
thelr national germploasm collections for long=term st orage and proservation.,

A shorteoming of all large germplasm collections is the cdupltication or
similarity of many varicties or strains within the collection. Duplication
greatly increases the resources required to maintain the collection, without
contributing to the pool of yenctic variability.
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“{L‘)_)w_(‘,*qj;_r}l_['1;]:'1_5_':_1}1_ Characterization, The utility of a germplasm collection
would be enhanced tf the unique features of cach accession were to be
described and recorded, so that the resecarch worker could choose those
accessions in the cotlection which have the genetic characteristics destired

for his particular rescarch.  Some plant characters, are stable over a wide
range of environments and may be unmistokably recorded.  Other features ave
s0 greatly aftfected by the enviromsent that charactorization has little
valuce unless the envivronment in which the accession 1s grown is deoscribed.
For example, the loboed teai character of mungbean could be ddentificd in
almost any envirvonment, but resistance to o particular virus could not be
identitied unless conditions were favorable for virus inoculation and
disense development,  Another problem is that many accessions in the

gJermp lasm collection are genetic mixtures and give a mixed response.
However, this should not hinder attempts to obtain the most complete and
accurate information possible on cach aceession with the resources available.

Various rescarch workers have assemblod colloections of mungbeans and
classified them by grouping together strains with similar characteristics
(Piper and Morse, 1914; San Miguel, 1916; bose, 19327, Caguicla, 1933;
Banks, 1958; Yohce and Pochiman, 1972; Gill ot al., 1975; USDA, 1973
Bose (19324) based his classification on seed color, fiower color, pod
color, toliage color, growth habit, and time of maturity. Similar
characteristics were used by Cagquicla (1933) and Banks (1958) .  The USDA
collection (U.5.D0AL, 1978) 15 descoribed according to maturity, plant
type, plant heiaght, pod Tength, and pod color.  While these descriptors
are usetul for olentification purposes, they do not describe such charvacters
as photoperiol response, digscase resistance, or quality which ave important
to the brecder. Descriptors used by Gill et al. (1975) were morce complote,
providing informotion on maturity; seed wroight; secd yield; protein contenc;
and disease scores ffor yellow mosalc virus, bactevial blight, and C(’JLCOApO)la
leat spot.

To promote the coliection, conservation, evaluation, and documentation
of the germplasm ressurces in crop plants, the Pood and Agricultural
Organization of the United Nations sponsors the Internatioral Board for
Plant Zenetic Resources (TBPGR)Y . In March, 1980, o Working Groun was
convened by IBI'GER to develop descriptors for the mungbean germplasm
collections. The descriptors include morphological chavacteristics,
envivonmental adaptability, agronomic characteristics, disease and insect
resistance, and qgquatity charactervistics (Food and Agricul tural Organization,
1980) . Use of spezific descriptors {or chavacterization of accessions in
a mungbean collect ton should encourage more completeness, accuracy, and
uniformity in recovding intformation. Computer processing of information
and its recall through information retrieval systems will also be facilitated.

Breeding Procedures

Mungbean i1s self-pollinated, individual plants within a population tend
to be homozygous and true breeding. Breeding procedures forv self-pollinated
crops in general were described bv Poehlman (1979), and for pulse crops by
Pochlman and Borthakur (1969). In wmungbean, the basic breceding procedures
are (a) selection and (h) hybridization.
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(@) 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 will ncver 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 differont genotypes within the population.
The purce line variety is a more uniform population than a mass sclection. 1In
addition to the isolation of lines from mixed varieties, selection is used to
isolate superior lines from segregating generations tollowing hybridization.

(b) Hybxidization, After superior lines have been isolated and
characterized, hybridization is used to combine the dasivable characteristics
of two or morc lines into one strain. Superior lines isolated following
hybridization arce increased and tested for performance in yield trials.
Earlier, hybridization did not reccive much attention in mungbean breeding.
Either native varicties or sclections from native varieties were grown.

Now hybridization is used extensively, and almost all now variceties originate
by this brecding procedure.  The increase in the use of the hybridization
breeding procedure is the result of (1) favorable characteristics of new lines
being identificd more fully so that breeders can choose desirable parent
combinations with greater precision; and (b) crossing procedures bheing improved
and standardized so that a higher percentage of seed set is obtained.

(¢)_ Backcrossing. The backeross is a hybridizaticn procedure in vhich
single genes from an otherwise undesirable variety may be added to a desirable
variety. The backeross may be utilized in mungbean breeding following the
same procedures successfully followed in self-pollinated cereals or in

soybeans (Poehlman, 1979).

jdlﬁggggjlﬁar(ajggiyyi. Most crossing in mungbean has been limited to
two-parent crosses in which the parents were chosen For specific charac-
teristics.  Through maltiple-crossing, it is possible to combine the
characteristinog of several parents, or to obtain a wider spectrum of gene
recombinations for characters inherited in a quantitative manner. Pairs
of Fi's arc crossed until all of the original parents enter into the final
Ccross.  Seqregating generations of these germplasm pools are then increased
and superior plants selected from themn.

Breeding Objectives

The characteristics bred into new varieties are determined by the
objectives of the breeding program. Breeding in mungbean has received less
attention than has been given to breeding of some of the pulse crops. This
has limited the progress made and left the objectives less clearly defined.
Mungbean is generally regarded as a low yield crop, with vields that
fluctuate widely under different environmental conditions. This emphasizes
the need for improving not only its yield potential but also its yield
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stability. 1In these respects, the breeding objectives in mungbean do not
differ in substance from those of other pulse crops.

(@) Sced Yicld. Brecding for improved grain yield in mungbean ‘involves
(@) concentration of genes for genetic potential to produce high seed yields,
and (b) incorporation into varieties of high yield potential genes for

tolerance to stress conditions that lumit exprossion of the genetic potential.

Evaluation tfor maximum yield potential requires the comparison of varieties
in ar ovtimum environment, where soil fertility, soil moisture, or disease,
is not Limiting plant growth and develobment, whereas cevaluation rov
tolerance to stress rogquires oxposure Fo the stres: conditions receiving
consideration.  Most mungbean varietices have evolved uander stress
environments and do not have the superior yield perential desived.

How can mungbean varietics be developed with supervior yield potential,
and how docs the broeeder identify the superior genotype?  The traditional
approach has been to compare large numbers of varictices over a series of
environments and choose the variety with the superior vield.  With this
empivical approach it is usually not possible to identify the characteristic
of the variety which contributes to the high yield potential, or to identify
the characteristics of the cenvironment which permit the superxior yield
potential to be expressed. A scoond approach, emprloying biometrical methods,
evaluates the relationship or contributions of the individual yleld
components to the total vield. Corvelation and path coeftficient analyses
have identificd the importance of high pod number for obtaining high yields.
The profuse flowering of munagbean suggests that the potential Tor high pod
number is normally prosent.  This potential may be reduced by high [lewer
abortion, or by vailure of the plant to mobilize photosynthote and transport
it to the potentinl pod cites. A thicd approach fs directed toward evaluation
of strains for vhysiological processe:s, such as somce=sink relationships,
harvest-inde=, and others.  Tmportant here ts that the assimilate be
partitioned away from vegetative growth and into ceed production when
{flowering begins.  The biomctrical and physiological approaches are more
precise than the empirical approach, ond are usetul in identifying parent
materials for hybridization programs, provided that practical screening
techniques are available by which the processes may be measured. A
disadvantage of both the biometrical and physiological approach is that
they arn very time consumina and expensive, and impractical to apply to
large nunbers of varictics and crosses,

(b)Y Plant Type. To obtain high vielding potential, increased emphasis
is being qiven to plant type (Jain, 1971; 1974; 1975). The idea of
"reconstructing plant type" has been borrowed from the concepts assoclated
with the high yielding wheat and vice varvieties.  1n pulsces, the "new plant
type" refers to shorter, more compact planks with a high harvest index;
reduced photoperiod sensitivity; and ecavlicr and more determinate growth
habit thar in the older and more traditional varictics., Varicties with
the new plant type are particnlavly suited to short sammer scasons, high
plant populat "ons, ond maltiple cropping programsg where mungboean cocupies
the land for short periods between major crops (L. Singhy, 1975) . lor
maximum grain production, veqetative growth should terminate with flowering
and assimilates be channeled into production of pods (Saini and Das, 1979).


http:wraluat.on

61

High pod set from the first and second f[lush of blossoms will reduce number
of pickings and labor costs.  Hand picking and machine harvesting would he
Further facilitated by concentration of the pods in the top of the plant.
Low photoperiod sensitivity permits the variety to be grown in any season
of the year. The new plant type is associated with maximum grain yvield
per day over a short growing season, although not necessari ly with maximum
grain yield per hectare.

In contrast Lo the plant type describoed above, corrclation studies
suggest that maximum yield per hectare is associated with large plants
which have greater height and branching (Prasad, 1959; Gupta and Singh,
1969: Joshi and Eabaria, 1973; Malhotra, Singh and Singh, 1974A; Yohe and
Poehlman, 1975). In the Second and Fourth Internarional Mungbean Nursery,
highest yields were produced by @ late maturing strain from Pevu at Melka
Werer, Ethiopia, 3042 and 6907 kg/ha, respectively, for two secasons
(Pochlman ot al., 1974, and 1976) . At th> Melka Werer location, thore
was abundant sunshine over o long season throughout which the Peruvian
strain continued to sot pods due to the indeterminate growth habit of
mungbean. In the monsoon season in southeast Asia, the Peruvian strain
performed poorly.  Saini and Das (1979) tound o late variety to exceed the
vield of early varictios in seusons with abundant sunshine, but to be lower
in yield in a cloady season.  Chowdhury and Haque (1977) suggest that late
varictices with o serics of veproductive flushes would give more stable
vields since flowering would continue after unfavorable weather during
the eavly flowering period.  Further studies to tdentify the characteristics
that adapt mungbean varietics for different climatic areas are nceded.

() Barly Maturity and Uniform Maturity. PRarly maturity has been
referred to in relotion to plant type and the utilization of mungbean as a
short duration crop in multiple cropping systems.  To obtain carly maturity,
jenotvpes with low photoperiod sensitivity are required for long day
environments. At high Latitudes, or high altitudes, the length of the
growing season iz restricted by the frost-iree period, requiring use of
carly vipening varietics.  Earliness in mungbean is usually described by
days from planting to opening of the fivst Hlower, or days to ripening of
the first pod.,  But these criteria are inadequate to describe the lowering
pattern since mungbean has an indeterminatoe Jgrowth habit and flowering may
continue over a period of soveral weeks. Pods normally ripen about three
weeks after pollination.  Mungbean Plants may contain flowers, green or
immature pods, and ripe pods ar the same time, requiring 3 to S pickings
for harvest.  Reduction in the lenath of (i Plowering period so as to give
move uniform maturity is a major objective in breeding mungbeans. A
Philippine varioty, PHLVIS, maturcs o large percentage of its pods for the
first picking and is being atilized in tho AVRDC breeding program to increase
uniformity in flowering (Park and Yang, 1974).

{d) molerance 1o cola

in the semitvopdcs, or at higher a'titudes, mungbean may be planted when mean

and Drought.  Mungbean is a warm scason crop.  Yet,

night temperatures are below 20°C.  Soloction for rapid germination and
scedling growth in low temperature environments would improve establishment
ol stands, promote earlicor maturity, and improve grain yields in areas where
low Lemperatures at time of planting impair germination and carly seedling
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growth. Screening techniques for evaluation of germination and seedling
growth at low temperatures arc needed.

Mungbean is often grown where soil molisture is limited, either inter-
mittently during the life of the plant, or with a declining soil moisture
supply. Although mungbean is frequently grown on residual moisture after
harvest of rice, there is little information on drought tolerance of mungbean
varieties under a declining moisture situation. Screening technigues are
needed to observe comparative root development, willting, stomatal closing
and other physiological processes associated with drought tolerance.

{e) Discasc and Insecct Resistance.  Mungbean is susceplible to injury
from a large number of diseasce and ingsect pests. Breeding for resistance
is an economical and practical method of reducing pest damage. The problems

and progress in breeding for resistance will be discussed in the topics on

diseases and insccts of mungbean.

(f)_ouality. Mungbeans are grown mainly for their sceds which are
utilitzed as food, and occasionally for livestock feed. The principal
breeding cfforts directed toward quality thus far has been to select for
large and glossy seeds since seeds with these characteristics bring the
highest price in the market place. Selection of yellow as well as green-
seeded varictics has been practiced in the Philippines. Recently, attention
is being given to varictal qualities affecting nutritional properties and
cooking characteristics, Varicties have been shown to vary in protein
content and content of specific amino acids.  Breeding to increasc protein
content or amino acid balance in cercals has not made the anticipated
progress, which suggests that it should be given a low priority in a mungbean
breeding program. The opportunity for increasing total protein production
by increasing yicld deserves far greater attention and, currently, is more
likely to succeed than a program to improve protein content or yuality.

Varieties

Varieties of mungbean in cultivation have been developed by selection
from local strains and by hybridization. Earlier, variety development was
almost exclusively by selection from locally collected varieties. Currently,
intensive hybridization programs have been developed in several countries.

(@) India. Present varieties have evolved from native or land varieties.

Co]leézaons of native varicties were made in all districts of India in 1925;
From these about 40 distinct types were identified (Bose, 1932a). One of the
First varicties to be doeveloped, Mung Type 1, was recommended for distribution
in 1936, but large scale multiplication and production was not started until
1948 (Mehta and Sahai, 1955). A "Pulse Scheme" was initiated in Uttar

Pardesh in 1943 with collection of local strains, and a hybridization program
was begun in 1950.  ©In former Madras state, varicty CO.l1 was selected and
released in 1953. Within a few years pure line varieties had been sclected
and named in all states in which mungbean was important as a crop. Mungbean
breeding programs in India have becn assisted by organization of an All-India
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Coordinated Pulse Improvement Program, and by convening Annual Workshops on
Pulse Crops, beginning in 1967. Varieties developed in India by selection
have included Type 1, Shining Mung 1, €O.1, CO.3, Jalagon 17, Kopergaon,
D45-6, G.65 and others. vVarieties developed by hybridization have included
Type 2, Tvpe 44, Type 51, Pusa Baisakhi, ML-3, ML-=-5, Jawahar-4%, Kanke
Multipurpose, and others.  These varictics and others are described in the
following references: s, p. Singh (1955), Premscekar and Srinivasan (1961),
Bhatnagar ct al. (1964), sS. . Singh (1965), Mazumdar, Vasavada, and Joshi
(1969), K. L. Singh (1970), 1. B. Singh, Joshi, and Thomas (1970), L.
Singh, Sharma, and Tomar (1972), Bhullar and Singh (1973), Bhargava (1972),
Rathnaswanmy et at. (1977), k. n. Singh et al. (1977), De, Turkhede, and
Gangasaran (1978), D. . Singh (1979), and in annual reports of the All~
India Coordinated Pulse Project.

»Q)_)v“’I[h_iLL_}.:_}»»_'i_x}_u_f_f;‘. Local sclections and introductions weroe being tested
before 1916 (San Miquel, 1916). A varietal improvement program was undertaken
in 1956 by the Bureau of Plant Industry (Ballon, Legaspi, and Catipon, 1978),.
Local varietics being grown at that time were badly mixed. DPure line
selections isolated from local varieties ineluded Glossy Green S-1, Glabrous
Green, Dull Green 238-1, [lag S6A, 1loilo Yellow, and San I'ablo Yellow.
Varieties produced by hybridization includod MG50-10A, MDI5~2, Glabrous
No. 3, and MY-17. The Jatter is o yellow sceded variety. HMG50-10A-Y is a
vellow seceded varicty in which the gene for yellow sced color was added to
MG50-10A. Some varicties produced by the University of the Philippines,

Los Baﬁos, include CES14, CES55, PAGASA 1, and PAGASA 2 (Cortado, 1971;
Catedral and Lanticun, 1978) .

{e)_Indonesia. Mungbean varictal development in Indonesia was started
in 1935 with a collection of local varicties from which the varieties

Silwalik and Artaijo were recommended to farmers (Somaatmadja and Sutarman,
1978) . A varicty Jala, from Sri Lanka, was distributed in 1965. MG50-10A

from the Philippines is also grown.
it -

_(i)y_»il‘_h_a_i.j_a_xﬂ. Mostly native varieties are grown which are grouped
according to apbearance as dull, shiny, golden, and black (Bhumiratana,
1978). An introduced variety of the "Philippine-Type" has been named
Uthong 1 (Nalampang, 1973).

{e) u.s.a. Mungbean breeding is conducted at the Oklahoma Agricultural
Experiment Station, Stillwater. Three varieties have been developed, Berken,
Kiloga, and Oklahoma 12 (Matlock and Oswald, 1963).

16) Australia. Mungbean is a recent introduction to Australia. Berken,

an introduction from Oklahoma, and Celera are grown (Kingston, 1975).
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Asian Vegetable Research and Development Center (AVRDC)

The Asian Vegetable Research and Development Center was organized 1in
1971 at Shanhua, Taiwan, with support from several Asian countries, the
U.S.A., and charitable and developmental organizations (AVRDC, 1974) . At
AVRDC, all areas of roscarch are conducted on mungbean. Thousands of
crosses are made in the breeding program. Mungbean breeders benefit from
genetic materials being made avaitable from the extensive AVRDC germplasm
collection and hybridization progrem; the international Mungbean Nursery;
research in production, physiology, pathology, entomology, and nutrition;
training programs; and facilitation of communication amung mungbean
rosearch workers in national programs (Park and Yang, 1978) .

International Mungbcan Nursery (TMN)

The International Mungbean Nurscery was developed in 1972 to obtain
information on (@) the range of adaptation of the mungbean species, (b) the
adaptation of specific mungbean varieties, and {¢) identification of
characteristics of the mungbean plant influencing adaptation (Poehlman
et al., 1973, 1974, 1975, and 1976). The first four nurseries were
coordinated from the University of Missouri, Columbia, Missouri, U.S.A.
Succeeding nursecries have been coordinated through AVRDC.



X DISEASES

Munglr un is host to many diseases. The disease producing agents
include fngi, 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 discase agent to multiply and invade the host tissue.
Disease may affect production of mungbean in various ways. Seecdling diseases
reduce stands. Roob discases and nematodes alter or destroy root tissues and
interfere with normal water and mineral uptake. By blocking the vascular
system they can cause stunting and wilting of above ground parts. Leaf
disecases destroy leaves, or portions of leaves, reduce photosynthetic area,
and disrupt normal physiclogical precesses.  Virus diseases may cause
stunting, leaf yellowing, lea® curling, flower deformation, and reduction
in pod development. The carl.or in the life of the plant that discase
develops, the greater the votential for yield veduction.

The major discase control procedures involve (d) cultural practices,
(b)Y use orf chemicals, and (¢) utilizoation of resistant varieties. Disease
development s reoduced by such cultiral practices as removal and destruction
of infected plant residues and by crop rotation. Vigorous, healthy plants
are Costeved by balanced rfertilization and good water manadgement. Chemical
seed protectants will control or reduce njury from certain seed-borne
diseases, and foliar fungicides will reduce injyury from foliar discases,
tut chemicals are seldom uscd to control disecases in areas where mungbean
Ls grown as a low income crop.  Some commonly available chemical sced
protectants and foliar fungicides are listed in Table 9. Breeding for
resistance to disease pathogens is mostly in the stage oi identifying
resistant mungbean accessions and making crosses tc transfer the resistance
genes into adapted cultivars.

Damping-0ff, Seedling Blight, Root and Stem Rot

Damping-off, scedlina blight, and root and stem rots of mungbean are
caused by several groups of fungi: Rhi(zoctonia spp., Pythium spp., and
Fusarium spp.  ‘These pathogens, singly or in combhination, may cause (a)
seedlings to rot before emergence, (b)) the stem of seedlings to rot at or
below the soil line after cmergence, oy {(C) rootb votting or stem cankers
on older plants. Destruction of roots by the fungi or damage to the
vascular system restiicts water intake and movement and causcs plants to
wilt or die during periods of high temperatures or drought.

iocbonin Root Rot, %ovdllnu Hllth and Stem Canker.  Rhizoctonia

(@) Rhi: ! i
disease is caused by rhi oc(<nca s0lan( Fuehn and R, bataticola Taub. R,

soland is widespread havi ng been repovted on mungbeans in India (Grewal,
1978); Iran (Kaiscr, 1970; Kaiser, Mossahebi, and Okhovat, 1970);: the
Philippines (flaqg, 1978); Taiwan (Lai and Wu, 1963; AVRDC, 1974, 1975,
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Table 9. Some Commonly Available Chemicals with Fungicidal Properties.a

Common Name

Trade Nameb

Type of Fungicidé

Benomyl
Canbendazim
Captan
Carroxin
Chloranil
Chloroneb
Daconil
Dimethirimol
Mancozeb
Maneb

PCNB

Sulfur, wettable

Thiophanate
Thiram
Zineb

Ziram

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

Systemic foliar fungicide

Foliar fungicide

Seed protectant-eradicant fungicide
Systemic seed protectant fungicide
Seed protectant fungicide

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 funglc1de ‘

Foliar fungicide

Chemlcal fungicides should be handled and used only according to directions on the label and 1nf1

compliance with local rev .lations.

Trade names are used in this publication solely to provide specific information. (
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.

Mer.tion of—a?
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1977, 1979); and on blackgram in India (Ranganathan et al., 1973). R.
bataticola has been reported on mungbean in India (Deshkar, Khare, and
Singh, 1974; Grewal, 1978). R. so0fani produces sunken, reddish brown
lesions on the scedling hypocotyl at ground level or below, which enlarge
and coalesce, girdling the stem and caqsinq the scedling plant to collapse
and die. Black dot-like sclerotia are rformed in discased portions of the
root and stem. The fungus is primarily soil irhabiting and survives as a
saprophyte on soll ovganic matter, or in decayed root tissue intectod with
other fungi (AVRDC, 1975). The disease is produced on a large number of
crop plants and iz most prevalent on plants growing in wet soll. Diseased
plants may be conceontrated in small batches or scattered over the entire
field. R. scland infection is more injurious to secealings than to mature
plants. The pathogen is concentrated in the surface layer of the soil where
organic matter is present in most abundance (Kaiser, 1970).

R. s0fand produces maximum discase at a temperature around 20°C and in
wet and alkaline soils (Kataria and Grover, 1976). Disecasc injury may be
reduced by crop rotation, timing of plantings to aveid periods of low
temperature, and draining wet areas of the field. Chemical sced treatments
to control seedling blight by R. sofani have given variable results (Table 10).

Table 10. Summary of Seed Treatments for Control of Seedling Blight
of Mungbean Caused by Rhizoctonia solanl Kuhn.

Treatment Discase’ Survivalb Survivil® Seed
Index After After After Yield
7 Days 3 Weeks 9 Weeks
g/plot

Untreated control 100 0] 14 122
Benomy1 25 93
Captan : 168
Carboxin (Plantvax) BETEE D ,  18‘ 124
Carboxin (Vitavax) 47 . 62 .58 176
Chloroneb 62 CAsn 231
Mancozeb 98 ' S0 e L 148
PCNE 67 97 79 209
Thiabendazole o 72 199
Thiram 96 : 135

aI\fter Sharma, Tiwari, and Kulkarni (1975%).
bnfter Jhooty and Bains (1972).
cAfter Kaiser, Mossahebi, and Okhovat (1970).

dAfter Kaiser, Okhovat, and Mossahebi (1970).



In the Philippines, secd treatment with captan, thiram, carboxin, and
~hloronech are suggested as a control measure (ITlag, Quebral, and Benigno,
1979). The toxicity of fungicides against R. solani may be affcected by
physical factors such as Lemperature and ptl (Malhan, Tyaai, and Grover,
1975). Ereeding for resistance has not offered much promise for reducing
discase injury duc to the difficulty encountered in finding resistant
strains.  In India, 163 accessions were tested for resistance by qerminating
sceds in paper towels after they had beon dipped in R sofan inoculum;
secdlings remaining healthy were inoculated by injecting inoculum into the
hypocotyl (Desnkar, Khare, and Singh, 1974). Hone ot the gJecessions were
Found to be resistant. AU AVRDC, 745 accessicons were screened in the field
for damping-off caused by the combined cffects of Ro sofant and P(/.tl'billr7l SPP.;
none were resistant in combined spring and fall screening trials (AVRDC,
1979).

(b) Pythiwm spp.  Pythaoen aphanddemmatam (dson) Fitz. and P. wltimun
Trow are comaon soil inhabiting fungi that cause sced decay, damping-off,

and pre- or post-emergence killing of munglean scedlings.  Infected scedlings
that emerge often have dead growing points.  In older plants, Diifection may
cause decay af the roots and lower stem, dark hrown lecsions on the stem, and
eventual wilting. The pathogens thrive in wet and alkaline soils. P,
aph[(n,(,r((z,‘u,rm'(um is ravored by warm temperatures and P. ultimum by cool
temperaturcs. Phe discease is most prevalent in wet, rainy seasons (AVRDC,
1975} .  Both mungbean qnd blackgram are hosts (Yang, 1978; Jaganathan et al.,
1974; Tlaqg, 2ucbral, and Benidgno, 1979},

*(.Q.)____f"gl_@(g,t;{uurn» Sip FusasnCum pathogens are widespread.  Symptoms incited
are blighting, blackening of the vascular system in root and stem, and wilting.
The pathoyen often enters the plant as a secondary invader. In contrast to
Pythium spp., Fasatiaom spp. is Tavored by dry, acid soils (AVRDC, 1975). 'The
cempleox of Pythium and Fusarium discases are reported to be associated with
mungbean root disorders in lran (Faiser ot al., 1968), India (Williams,
Grewal, and Amin, 1968), Taiwan (AVRDC, 1974, 1975, 1977, and 1979), and
the Philippines ([lag, 1978) . Cultural procedures that are favorable for
rapid germination md growth of mungbean, viz. planting when soil moisture
and temperature are optimum and using seed protectant chomica_‘:i:s, are suggested

control practices. !

Foliar Disease

Foliar discases of mungbecan are caused by both fungi arjd bacteria.

(a) Cercospona_Leaf Spot. Cercodpora leal spot causesjsceverc leaf
spotting and defoliation of mungbean in humid tropical areals of Southeast
Asia (Ledaspd, Catipon, and Hubba11, 1978; Catedratl and Laftican, 1978;
puangploy, 1972; Grewal, 1978; Somaatmadia and Sutarvman, 1478) . The
principal pathogen i Cotcospona canescens Rl and . Mattin, although
C. cauenta has been reported Lo be a pathogen on mungbean in the Philippines
(Welles, 1924; Hlag, 1978), and C. catacallae (Speqg.) Greope and C. doCichd
in India (Rath and Grewal, 1973). Brown leafl spots with ¢reyish white
centers and reddish brown margins develop on the leaves, < ausing premature
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defoliation and loss in yield. As the disease advances, lesions are
developed on the stems and pods. The diseasc spreads by spores from soil
debris.

Spores of C. cancsceny are primarily air borne, although some may he
seed borne.  The disease is most prevalent during the rainy season. Disease
severity increases during flowering and pod formation. Conidia production
on cdetached leaves was higher in darkness than in normal Light, and optimum
at 27°C and 96 humidity (Rath and Grewal, 1973). Starch and sugar content
of the mungbean plant is depleted by the pathogen, ostensibly utitized for
growith and sporulation of the pathogen (Vidhyasekaran and Kandasamy, 1972).

Although chemicals are scldom used by {favmers, injury from CQ,’LC(JSpO,‘L(I
leaf spot may be reduced by foliar fungicides such as benemyl, canbendazim,
captan, daconil, ov zineb (Srivastavia, 1970; Eotasthane and Agqrawal, 1976;
D. V. Singh and Singh, 1976; Rewal and Bedt, 1976; PCARR, 2977; Growal,
1978) . Screening for resistant germplasm has resulted in tdentiiication of
three moderately vesistant varictics, ML-3, ML=5, and ML=15, irom the Punijab
Agricultural University in India (Mow, Wang, and Mew, 1975%), Pagasa from
the Philippines (Quebral, 1978), ond blackgram strain VM2 156 (AVRDC, 1979).
Plants are artiticially inoculated by syprayving with a SPOYe suspoension.,
Artificial inoculation was difficult proeviously due to poor sporulation of
C. canescens  on an artificial media. However, when grown on a carrot leaf
juice-auatimeal agar media, the pathogen sporulates abundintly (Mew, Wang, and
Mew, 1975).

,_(._l_)_)__,ij_’_"l'.‘lifi}_',.‘/'___Mj_,,l_f,15:":1'_' Powdery mildew is « common foliar discase of mung-
bean. It has been veported from Colambia, Ecuadorn, sthiopta, Kovea,
Philippines, Thailand, and U.S.A. (Pochlman ol al., 1976), Australia (Bott
and Kingston, 1976), Taiwan (AVRDC, 1975%), and Ilndia (Grewal, 1978). The
disease 1s favored by dry weather, temperatures of 22 to 26°¢, and relative
humiditics of 80 to 88% (Tlag, 1978). 1n Asia, the discase is common in
the cool, dry months, atd seldom o problem in the warm, rainy scason.

The pathogen, By (p»'l(‘. poluygond D.C., is highly specialized, and infects
both mungbean and blackgram.  The disease First appears as ash grey spots on
the upper swrface of the leaves; as the fungus spreads, a mycelium covers
the leat surface, giving the plant a rowdery white appearance. In advanced
staqes, stems and pods hecome infectoed and older leaves defoliated. Infection
during the seedling stoge may result in Jdeath.  When infeectod prior to
flowering, so that leaves were coverod with mycedium at time of flowering,
yields were reduced by 210 (Soria and Ouchral, 1973). Infection after the
pods are set may have only slight et foct on vield.

Foliar fungicides such as bavistin and benomyl ave effective against
E. polygond (Duebral and Lantican, 1969; Kotasthane and Agrawal, 1976;
PCARR, 1977; ouchral, 1978). The discase 1s aluo offertive ly controlled
by spnaying with wettable sulfar (Grewal, 1974) or dimethirimol (AVRDC,
personal comnunication, 19490). As with ('C‘LCU;S);’(;":(L leat spot, farmers
seldom spray to control mildew. Ho high level resistance has been found
in mungbean, but o modevate level of resistance has been identified in
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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 E€s(noe Lwatae Kajiwara and Mukelar, is a
serious discasce of mungbean in Indonesia and is also present in the Philippines.
The disease affoects the leaves, stems, and pods.  Lesions on the leaves are
small and circular at firvst, but gradually enlarge, sometimes becoming angalar.
Older lesions bocome gray and drop out, giving the leaf a "shot-hole"
appearance. With severe infection, the leaves are curled and the plants
stunted. Injury from the discase may be ceduced by application of foliar
fungicides, such as thiophanate, bavistin, or benomy !l (Mukelar, Sudjadi,
and Kajiwara, 1976; Kajiwara and Mukelay, 1976; Mukelar, 1978).

() Anthracnosc. Anthracnose, caused by Celletotnichum Cindemuthianum
Sacc. and Magn., has been revorted on mungbean in ITndia (Srivastava, 1970)
and the Philippines (11ag, 1978). The discase produaces hrown, sunken
lesions on the cotyledons and young stems, which may incrcase in size and
kill the plant. DPods and gseeds may become infected; infected seeds usually
fail to germinate.  The digscase 1s favored by rainy weather. Discase
incidence is reduced by spraying with a fungicide. Resistant sclections
have been identitfied in the Philippines (Catedral and Lantican, 1978).

_(_Q) Rust. Rust las been considered to be o minor discase on mungbean,
but it is increasing in importance in the Philippines (Ilaqg, 1978). In
Indonesia, rust is usually present on mungbean in tne rainy scason
(Somaatmadija and Sutarman, 1978). Bean rust, which infects mungbean,
destroyed a breecding plot of blackgram at Coimbatore, India (Raychaudhuri,
1968; Williams ¢t al., 19G68).

The nomenclature of the rust specics infecting mungbean needs
clarification. Rust fungi —ollected from mungbean in India were identified
as Uromyces phascold var. typica by Raychaudhuri (1968), and (.
appendiculatus (Pers.) Lk. by Williams ot al. (1968). Tlag (1978)
identificd the rust pathogen in the Philippines as U, vi{gnae Barcl.

Yang (1977) reports mangbean to be a host to the soybean rust fungus,
Phakopsona pachynhizd Syd.

Incidence of rust disease may be reduced by spraying with foliarx
fungicides such as sulfur, benomyl, thiram (Kannaiyan and Rao, 1974},
mancozeb or carboxin (Ilag, Quebral, and Benigno, 1979).

(4) Angular Leaf Spot.  Anqular leaf spot on mungbean and blackgram
has been reported from India (Pavgi and Thirumalachar, 1953; Haware, 1972).
The pathogen inciting angular leaf spot is P/wt(nn_z/cups(,s pd't(’,('lé('. Pavgi and
Thirumalachar. Syvmptoms are pale green, anqgular spots on the leaves, which
gradually become darvker in color, finally turning purple-black to opacdue.
Chlamydospore qermination was inhibited by mancozeb, wiram, zineb and other
foliar fungicides (Haware and Favgi, 1969). Mungbean varicties Hy2, Krishua
11, and Ehargaon 1, and blackgram varicties T-21 und Ujjain 4 are highly
resistant (Haware and Pavgi, 1976). Mungbean varietics are generally more
resistant than blackgram varicties.
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{g) BRacterial Leaf Spot. Bacterial leaf spot, incited by Xanthomonas
phaéeo(’,é (Smith) Dowson is a discase of mungbean, blackgram, and other legumes
(Patel and Jindal, 1972; Grewal, 1978). The disease produces small, dry,
necrotic pustules. The pustules gradually enlarge and coalesce to form large
necrotic blotches which disintegrate to give the leaf a ragyed appearance.
Streaxs or cankers develop on the stem in more severe infections,  The
disease is favored by warm, wet weather. Cross dinoculations on soybeans,
cowpeas, blackgram and other leqgumes suggested that the mengbeoan bacterial
leal spot pathogen is a distinet race or strain of X, plhaseol{ (Patel and
Jindal, 1972). 4ix pathogenic races have since been identi Fied, with
resistance to each being inheritod by different single dominant gones
(Thakur, Patel, and Verma, 1977A) . Resistance to bactorial leal spot,
Cencospona leaf spot, and yellow mosaice virus are inherited independently
(Thakur, Patel, and Verma, 19778) 0 Patel, Jindal and Singh (1972) scrcened
2160 Jines for resistance by spraying at the 3- to Jd=tvifoliate loaf stage
with a dilute suspension ot X )J/I((M’.(JC.L' and identitied 29 resictant and 5
tolerant strains of munghean.  Scod treatment with o sced protectant
fungicide will control seed borne bacteria.

() Halo Blight. Halo blight is a bacterial discase of mungbean incited
by Pseudomonas whaseolicola (Burk.) Dowson (Schmitthenner, Hoitink, and
Kroetz, 1971; Patel and Jindal, 1972). The discase produces watersoaked
lesions on the undervside of the leafl which are surrounded by o chlorotic halo
visible on Loth sides of the loaf.  The pathogen is soil borne and seed
borne. Control remedies include spraying, planting discase-free seed, and
resistant varictics. In Ohio, U.S.A., a variety from Peru (C.L.378023) was
resistant (Schmitthenney ot al., 1971). In India the varicety Jalgaon 781
was resistant (Patel and Jindal, 1972).

Diseases which produce rotting of the pods have beea identified in
India and the Philippines. 1In India, Phytophthora pod blight, incited by
Phytophthora spp., produces pale, watersoaked lesions and a white mycelium
on the pods, which eventually rot (Srivastava, 1970). 1In the Philippines,
a Diplodia pod vot, caused by Diplodia natalensis polo Fvans, starts as a
soft rot in yvounqg pods (Ilaqg and Marfil, 1977; llaq, 1974). Within 3 to 5
days the pod turns brown or bLlack and eventually becomes dry and hard.
Seeds in infected pods are shriveled and dark in color. Unfilled and
immature pods arce most susceptible; resistance increases as the pods become
mature. Infected sceds fail to germinate. Varictal differcences in
resistance was obscrved.

Virus Diseascs

Mungbean is host to many virus discases. Most of the viruses also
infect blackgram. Some cause seriouas injury and economic loss, others
have only minor cconomic importance. Wich a few exceptions, the viruses
of mungbean and blackqgram need further study and claritfication of their
distinguishing features. Viruses are difficult to identify; host range
and symptoms, virus particle size and shape, transmission mode, scerology,
and other physical and chemieal Properties of the viruses are reguired for
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accurate identification. Symptoms may be confusing due to multiple infections
of viruses in the same plant. Laboratory inocunlations have shown mungbeans to
be a host to viruses which have not been identificd from natural field
infections. Many of the reports on virus diseases in mungbean do not give a
full and accurate description of the symptoms or causal agents of the virus.

(i)m__‘/\_Jv_f__gnv}',.f_”.1__{vl_()_.s‘_,_('_\_i_(_.;»yj_[‘}1:"‘;'___(_[}1"1*\/_) . Alfalfa mosaic virus (AMV) infects
mungbean in Tran (Kaisor, Mossahebi, and Okhovat, 1971; Kaiser et al., 1972;
Kaiser, 1979). Svaptoms of AMY on owungbean are stunting, leaf yellowing, and
leaflet deformation.  The virus is transmitted by sceveval aphid species and

{4 non-persicstent.  Symptoms resemble those of cucumber mosaic virus (CMV)

and the disease is distiaguished with certainty from CMV only through serology
tests.  The discase in mungbean is not considered to have much economic
importance in 'ran since generally less than 1% of the plants within a field

are infected. No sources of resistance in mungbean have been identitied.

“(b)_ Bean Common Hosalc Vivus (BPCMV) . ean comuon mosaile virus (BCMV) is

a1 seed-borne, aphid-transmitted virus, infecting beans and mungbeans. BCMV is
the wmost common mungbean discase in Tran (Kaiser, Mossahebi, and Okhovat,
1971; Kalscer and Mossahebi, 1974) . Symptoms include leaf mosaic, puckering,
Blistering, rolling, and deformation.  Yield is ceduced if virus infection
occurs before pod set.  The virus is transmitted by aphids, sap inoculation,
and infected seeds.  Several aphid species, Aphds cwaccivona, Aoyt tlzusip{wu
postm, and AL sesbandae, transmit the virus in a nonpersistent, stylet-born
mamer.  Seed transmission ranged from 89 to 329%.  Different strains of the
virus were isolated from bean and mungbean in ITran, the two stralns having
different host ranges. In Iran, 1112 mungbean lines were screened for
resistance.  When the virus-free lines wore scoreencd again the following
scason, only 2 lines remained free of virus. Ho control measures have been
roeported Tor BCMY in mungbeans, but virus-free sced iy cessential to prevent
its spread. BCMV also intfects blackgram (Nelson, 1932).

() Cucumber Mocai= YVirus (CMV).  Cucumber mosaic virus has been repnrted

as naturally infecting mungbean in lran (Kaiser, Mossahebi, and Okhovat, 1971;
Kaiser et al., 1972) .nd in Missouri, U.S.A. (Purivirojkul and Pochlman, 1977;
Purivirojkul ot si., 1978). The discase in mungbean consists of dark and
light green mosatc pattern, puckering and blistering of the trifoliate leaves,
stunting, and flower abortion.  Severity of the diseasce and loss in yield
varies with the strain of mungbeans.  The causal fungus has been identified
through host ranoe studies, electron microscopy, and serology (Purivirejkul
ctoal., 1972).  The virus is btransmitted by sap inoculation and is seed-
borne with low ol ficieney. Tt is acquired and transmitted by the cowpea
aphid, Aph,(.s cracevond, duwring brict probes.  The virus is nonpersistent.

N ostrain of CHV naturally anfecting beans in Hew York, U.S.A., also infected
mungbean, but differs from the strain in Missouri (Provvidenti, 1976). 'The
strain itdentilicd in Missouri, named CHMV-M, prodoaced local Tesions when
primavy leaves of resistant variotics were sap tnoculated, but was transmitted
gystomically to trifoliate leaves in swscoptihle varictles.  Resistance was
inherited as o single dominant gene (Sittiyos, Pochlman, and Schgal, 1979).
Scoed transmission of CHY was reported in seed originating in Irarn (Phatak,
1974), Missouri (Sittivos et al., 1679), and Taiwan (Iwaki, 1978).
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Damage from CMV was assessed in Missouri by qrowing mungbeans in
screened 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 1144% of the dry weight of the resistant check for the
same strain inside the caqge (Purivirojkul and Poehlman, 1977).

_(L{)_.E;}_E_O_'l‘}.’ff.‘i‘l_;"'l‘-7i“'i‘.§.£__LG.GE'I) - A virus causing a mosaic discase was
isolated from mungbean in southern India. The virus is aphid and sap
transmissible. [t was not serologically related to tobacco mosaic virus,
cowpea mosaiz virns, soybean mosaic virus, or potato virvus ¥. The virus
discase caused considerable cconomic loss to mungbean in Tamil Nadu state
of India (Ramakrishnan ot al., 1973,

{e) Lear Crinkle Virns (LCV).  Leaf crinkle virus was first obscrved on
blackgram in I1ndia by Williams ot al. (1968) ¢ and was later reported and
described by Kolte and Hene (1972), Nene and Kolte (1972), and Nene (1973a) .
Although commonly found on blackgram in India, mungbean is o host also.
Symptoms of the «discaone are crinkling, curling, puckering, and rugosity of
leaves; stunting of Plants: and mal Formation ot {lowers. Spread of the
discase in the field ia relat ively slow, but indarv in blackgram may be
severe if infoction occurs in voung plants.  Sced yield reduction of 62%
was reported by Nene and Kolte (1972). The oxtent of natural infection in
mungbean in India is unknown.

The virus is transmitted in Blackgram by sap inoculation, grafting,
insects, and secd. Apltis crace (vena and A, GussSypLl are vectors (Dhingra,
1975) .  Secd trinasmission of 189 to J2o in blackgram has been reported, with
seed transmission being reduced as age of the plant at time of inoculation
increases (Marayanasany and Jaganathan, 1975%). HNene and Koltoe (1972)
screened 13 blackgram varietios and 10 mungbean varictics for reosistance.
All blackgram variotics woroe susceptible, but 5 mungbean varieties were
resistant. Some varieties of blackaram were reported to be highly resistant
to LCV by Narayinmasamy and Jaganathan (1973).

Lﬁ_)__r_li_._(‘z_gxf_W(‘v_\_,'l_r;l__. Leaf curl is a virus discase of munabean and blackgram
(Nene, L973A; Nene and Singh, 1972). Symptoms arc chlorosis arcound lateral
leaf veins, rolling and downward ctivling of the leaf margin, reddish brown
discoloration on the leal unde surtace, and stunting of the plant.  Plants
infected while young cither dice or become permanent ly stunted.  Plants older
at time of infection may produce a fow vods with small seeds.  The disease
is transmitted by sap inoculabion and qrafting.  Local lesions appear on s
inoculated leaves, the lesions latey hecoming nemotic. Cowpea variety C-
is a local lesion host (Chanekar and Beniwal, 19°75) . Although neither sced
nor inscct transmission hod beon confivmed, (ields of mungbean in UbLar
Pradesh, Tndia, had up to A2 dnfected plants.  Resistant varietics of
mungbean and blackgram have been identf tert (Hene and Singh, 1972).

(3) Mosaie of B ackgram, Mosatle Mottle. A mosaic disease of blackgram

was described by Shahare and Raychaudhuri (1963) . Symptoms arce a mosaic of
light and green patches on the leaf, upward rolling of the leaf margin, and
blistering of the leaf blade. Nene and Svivastava (1972) named the disease
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"mosaic mottle" and listed mungbean as a host in addition to blackgram. The
virus could be mechanically transmitted, and seed transmission of 3% to 4%
was obtained. The discase is widespread in north India (Nene, 1973A).

(h) Mungbean Mottle. A virus was isolated from mungbean growing in the
Philippines that induced chlorotic spots along the veins in inoculated primary
leaves and chlorotic arcas in the emerging trifoliate leaves (Talens, 1978).

The discase was named mungbean mottle. The virus is mechanically transmitted

and possesses scrological properties similar to blackqram mottle virus.

_(,_C.) Tobacco Mosaie (I'MV). A virus isolated from mungbean in Tamil Nadu
state, India, wag identified as a strain of tobacco mosaic virus (TMV)
(Ramakrishnan et al., 1969). Infeccted plants showed slight stunting, and
mosaic mottling in infected leaves. The virus is transmitted by sap

inoculatiocn.

(j) Yellow Mosaic Virus (YMV) . Yellow mosaic, also called mungbean
yvellow mosaic, is the most devastating viral disease of mungbean and blackgram
in the Indian subcontinent and adjacent arcas (Nariani, 19060; Williams ct. al.,
1968; Nene, Rathi et al., 1972; HNene, 1973A7; Ahmad and Harwood, 1973; Verma,
Kadian, and Singh, 1973; Iwaki and Auzay, 1978; ienigno and Dolores, 197¢;
Legaspi, Catipon, and Hubbell, 1978; Grewal, 1978) . Symptoms of YMV first
appear ag small yollow spots on young leaves and develop into yellow and

green patches, or completely vellow leaves in advanced stages. Diseascd
plants are stunted, maturity is delayed, and few or no pods develop. Plants
infected at an carly age may be killed before flowering. The disease is
transmitted by the whitetly, Bemis{a tabac{ Gen., and by grafting. It is

not transmitted mechanically or through sceds.

Transmission studies have been made by Nene, Rathi et al. (1972), Rathi
and Nene (1976), ~nd Murugesan and Chelliah (1977). The whitefly acquires
the virus during a 15- to 60-minute feeding period. After a 3- to 8-hour
incubation period, the virus is transmitted during a 10- to GO0-minute
inoculation perviod. A single whitefly was sufficient to inoculate 8 of 32
plants, and 10 Plics inoculated all of 20 plants. The virus ls classified
as a circalative type. [t persists in the male adult whitefly fer 3 days
and in the Female adult for 10 days (Rathi and Nene, 1974). Varietics
differ in type of reaction. Susceptible varieties exhibit a vellow mottle
roaction and resictant varieties exhibit a necrotic mottle (Nair, Nene, and
Narosh, 1974). Varicties with the yel low mottle reaction are better sources
of virus for acquisition feeding than varicties with the necrotic mottle
reaction {(Rathi and Nene, 1976). The leafhopper, Empoasca kerrd Pruthi,
has a feeding preference for YMV discascd leaf tissue over healthy tissue
(Regupathy ot al., 1975).

Yellow mosaic occurs mostly in summer (March to May) in Southern and
Fastern India Glene, Rathi et al., 1972; Misra, Tripathy, and Sahu, 1978),
months in which the whitefly have the highest populations (Murugesan,
Chelliah, and Murugesan, 1977). Spraying to control the whitefly vector
at fortnightly intervals reduced the discase incidence, but the effect of
control on yield was not reported (Mathur, Banerjee, and Bajpai, 1965).
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Moderate resistance to YMV has been reported for a few mungbean
varieties, like T'-1, BR-1, BR-2, Hybrid 45, PS16, and T-9, and D 6-7
blackgram varieties (Nene, Rathi et al., 1972; Nene, Srivastava, and
Naresh, 1972; Sivaprakasam ct al., 1974; and others). However, the most
eflfective registance has been identified in strains developed at the
Punjab Agricultural University such as ML-1, ML-5, MI-7, LM=-214, and others
(Virmani, Singh, and Singh, 1976; Poehlman of al., 1976; Pandya, Singh, and
sharma, 1977; Sandhu, 1978). Resistance has also been identified in a wild
relative, Udgna wadiata var. subloba*a roxb. (Verde.) (Fformerly Phaseolins
sublobatus) collected from northern Tnadia (R V.o Singh and Ahuja, 1977).
Inheritance of resistance Lo TMV is reported to be monogenic and recessive
with varicty 24-2 as the resistant parent (D. Singh and Patel, 1977}, and
digenic and recessive with varieties Tarai Local, L=-80, 1,b294-1, and IM 214
as resistant or tolerant parents (Shukla, Pandya, and Singh, 1978).

jﬁlﬁg@hgy Virus Discases.  Mungbean has been reported host to other
virus discases.  In some instances, the infections were from artificial
inoculations only, the virus not having been isolated from naturally

infected field-grown plants.

(€) Little 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.

Nematodes

Mungbean is a host to several plant parasitic nematodes. Injury to
mungbean by natural infestation with nematodes has been reported from the
Philippines (Castillo, 1971 and 1975; Castillo, Alejar, and Litsinger, 1976;
Castillo and Litsinger, 1978); India (Prosad et al., 1971); Ilvan (Amirshahi,
1978); and Tolwan (Yang, 1978).  Ten genera of nematodes were associated
with mungbean in the Philippines, but four species of the root knob nematode,
MeLoddogyne (ncogndita, M. (ncognita acnita, M. arenania, and M. javanica, and
the renitorm nematode, Rotylenchalos HenLqoumds were the most important
(Castillo, 1975).  The mungbean is 4 host to the soybean cyst nematode,
Hetenodera glycnes in the 1.3 A, (Epps and Chambers, 1959) , and to M.
jauam(ca and (., UCgH( in India (Prasad ¢t al., 1971; Gupta and BEdward,

1974) . Tajury may be compounded by a mixture of severad species of nematodes.

Symptoms associated with nematode irjury are leaf chlorosis, wilting,
stunting, and Pormation of galls on the roots (Bajet and Castillo, 1974;
Catibog and Castillo, 1975; Castillo, Alejar, and Litsingev, 1977). The
root. systoem is veduced in size, the root vascular system is blocked or
disruptod, and water and nulrient uptake restricted.  Mangl and bacteria
may cnter as sccondary invaders.  Injured plants tend to flower early, and
pod producticon and qrain yields are reduced. Newly germinated seedlings
may fail to emerge following 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. renifoumis and M. aciita were rcduced 62% as compared to the
uninoculated check (Castillo, Alejar, and Litsinger, 1977). In the nematode
inoculated plots, teaf chlorosis was most apparent when it was hot and dry.
With irrigation, the leaves became green, but chlorosis reappeared ecach time
the soil became deficient in moisture. With time, the plants deteriorated
and became stunted.

Changes in populations of R. ‘L(lll.é{)()/lméé in mungbean were studied over
two wet cropping periods and one dry cropping period (Castillo, Arceo, and
Litsinger, 1977/78). Nematode population counts wore made from 300 g soil
and 1 g mungbean roots.  Averaged over the two wet ceasons, the nematode
population increasced from 141 to 726 and durina the dry scason increased
from 17 to 509. Yiclds were decreased 201 during the wet season and 73%
during the dry season, in comparison with vield of nematocide treated check
plots.  These data indicate that nematode injury to the roots is intensified
when the soil molsture is deficient.

Nematodes inay be controlled through (@) crop rotation, (b) nematocide
chemicals, and (¢) resistant varieties. Cropping studies in the Philippines
show that the nematode population in the soil increased more rapidly with
three successive croppings of mungbeans than with three successive croppings
of sweet potato or soybean. A higher nematode population was reached in the
mur hean with coch successive crop. The nematode population may be kept in
check by o sequence of Lwo or more successive nonhost crops such as corn or
sorghum, or by periods of fallow (Castillo, Bajet, and Harwood, 1975/76).
1f the corn or sorghum is Iollowed by mungbean, the nematode population
immediately 1ncreaces again.  dHematode populations ave sharply reduced by
cropping with flooded rice.

Nematocide chemicals, carbofuran 3C and Nemacur, reduced but did not
eliminate the nematode population in the Philippines (Castillo and
Litsinger, 1973). Vith one subsequent cropping to mungbean, the nematode
population increases. Varieties of mungbean differ in resistance to
nematode injury. Resistant varieties have been identified at AVRDC
(AVRDC, 1979). ’
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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 yrain legumes in Pakistan are reported by Ahmad (1975).
Litsinger, Price ot al. (1978) listed 26 inscct species attacking mungbean
in three provineces of the Philippines during 1975-76.  The major grain
legume pests in several countrics of Asia, Australia, Africa, and the
Americas are discussed by contributors to "Pests of Grain Lequmes: Ecology
ancd Control: (S. R. Singh, Van Emden, and Taylor, editors, 1978).

In a mungbean field, several inscct species may be feeding on the mung-
bean plant simultancously. Under these conditions evaluation of the economic
importance of single species is usually difficult. This emphasizes the need
for develeping a comprehensive insect control progyram according to the insect
predators prosent on mungbean in different production areas. Surveys show
insect pests to be more common on soybeans in tha trop‘cal than in temperate
climates.  Because mungbean 1s largely grown in tropical climates, insect
control may be cxpected 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, flcowers,
pods, and seeds.

(@) _Seedling Infesting. The principal seedling infesting insect is the
beanfly (Hua, 1967, Sepswasdi and Mcksonasee, 1971; Litsinger, Price et al.,
1978; Saxena, 1978; Rose, Chiang, and Harnota, 1978).

Beantly (Opfilomydia _phasecli Tryon). The adult beanfly deposits eggs in
punctures in the leaf tissuc. The lavvae tunnel through the lecaf tissue
until they reach a4 vein, which they follow down through the petiole and sten,
pupating ncar the soil level. Secedlings usually wilt and die. Tnfestation

and secdling loss can approach 100%.  Older plants not killed are stunted.
The tunncls caused by larval feceding provide avenues for secondary invasion
by discase pathogens.  In Taiwan, peak populations of beanfly occur in late

summer and fall, with up to 90% of the plants being infested (AVRDC, 1977).
Some injury may be avoided by adijust ing mungbean planting dates to miss
periods of hioh beanfly population, or by high seeding rates to increase

the number of plants that may survive infestation. Systemic soil insecticides
applied at the time of plinting are fairiy cffective in protecting scedling
plants (Hua, 1967; Sepswasdi and Moksongsce, 197!; Su, Kung, and Rose, 1976).

77



e . a
Table 11. Some Insects Identified on Mungbean in the Philippines.

Common Name

Scientific Name

Type of Injury

Beanfly
Flea bettle
Leafhopper

Aphid, cowpea aphid

Leaf folder and
leaf roller

Semilooper

Katydid

Leaf miner

Bean thrips

Bean lvcaenid

Corn earworm

Bean pod borer

Lira bean pod borer

Green stink bug

Bruchid, seed weevil

Opndemydla phasecld Tryon
Lenadtansus manifeinsdis veise
Empeasca bigutufla shiraxs
Anis sl , Apfids cracedvora Xech
Lampresema Gidicata

Hemena sp., Sufepta so.
Chayscodedixis chaleites Esper
Phancruptena jurcidera Stal
Stomeptenux subsecivefla Zeller
Taeniothadps Lengdstylus Karny
Catochrysops cnefus Fabricius
Hrlicihis zea Boddie
bMaruca fostulalis Gever
Etiella zinchenello Tretsche
Nezara vidldufa L.
Callosobruchus sp.

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

a . . .. . .
Adapted from Litsinger, Price, Herrera, Bandong, Lumaban, Quirino, and Castillo (1978).

8L
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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, 1979; Chiang and Talekar, 1980). The rice bean (Vigna umbellata)
is more resistant than mungbean, as measured by number of leaf punctures,
number of beanflies per: plant, and percent plants damaged (AVRDC, 1977,
Chiang, Su, and Rose, 1978, .

(b) Leaf Piercing and Leaf Sucking Specics.

Leafhogggg;ifmgggé_ﬁégi). Lggs are oviposited into veins and petioles
of the mungbean plant. The nymphs and adults generally feed on the underside
of the leaf. With heavy infestation the leaves curl at the edges and turn
brown giving rise to the term "hopperburn." Young plants infested with leaf-
hoppers wmay be stunted. Systemic insecticides are effective in reducing
leafhopper damage.

ngigghiﬂgﬁééugﬁgggéggﬁgi_AphiA Sp.). Aphids feed by thrusting sharp
stylets in among the rlant tissue cells ard sucking out the sap.  Aphid
colonies multijply rapidly. The massive feeding which follows injures the
plant from loss of sap, or by poisoning from toxin injected with the saliva.
Leaves turn ycellow or brown and plants may become stunted. Additiorally,
aphids serve as vectors for scveral virus discases, Aphid populatic..s may
be reduced by contact and systemic inscceticides. The insocticides also
destroy natural prodators which build up and assist in keeping the aphid
population under control. In screening tests conducted at. AVRDC in Taiwan,
a few mungbean varietiecs with moderate resistance to the cowpea aphid were

identified (AVRDC, 1978A; Chiang, Su, and Rose, 1978).

EﬂLU£¥AiLJﬁEﬂﬂéfg_lﬁgﬂgéuﬁgﬁﬂigjﬂf)' The whitefly is a vector of the
vellow mosaic virus discase on mungbean and blackgram. The ceconromic loss
From the virus discas, is much dreater than loss rom injury caused by insect
feeding. The whitefly can acquire or transmit YMV within a 15 minute feeding
period. o bo cffective, inse~ticides must kill the whitoefly within 15
minutes of jtg alighting on the mungbean plant (Nene, Rachi et al., 1972).
None of the contact oy systemic insecticides tested in India gave 100% kill
O the whitefliog quickly enough to prevent acquisition or inoculation with
YMV.  The most coffective treatment was a 2% nonphytotoxic mineral oil spray.
The whitefly becomes covered wi th the oil within 3 to 9 scconds after
alighting on the plant and is unable to fecd. Fifty percent mortality of
whitefly was reached in 15 minutes and 100% in 30 minutes following the
mineral ojl Spray.  Phis compares with 30 minutes and 1 hour, respectively,
to obtain 50« and 100% control with malathion. The emulsifiable oil sprays
are washed off by water and, if used, would need to be replaced after each
rain. A furgal parasive of Bemisia tabacd has been identified in northern
India (Nene, 19734). lHow ef fective it is in controlling the whitefl is
not known.

{¢) Defoliating Species. Many species of ince:ts defoliate munghbean,
teeding primarily on leaves, although they may feed on other plant parts.
These inscct Predators include the leaf-rollers, leaf-foldere, loopers,
cutworms, armyworms, corn ear worms, and other larvee of the order
Lepidoptera; herbivorous or pimnt 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 Philippincs were defoliating insects
(see Table 11). The species vary in different areas and seasons. The
extent of damage from defoliating insects is difficult to estimate, but
will generally be less than the proportionate loss in foliage since new
branches and leaves may develop, partially compensating for the destroyed
parts. The reduction in vield from defoliation will be affected by the
magnitude of the foliage loss, the stage of plant development at the time
of defoliation, and the ability ¢f the wlant to replace the destroyed parts.
in soybeans, yicelds were not reduced by a 172 defoliation loss during any
growth stage, or a 33t defoliation loss at. midbloom (Hinson and Hartwig,
1977). Beetles feceding on mungbean may serve as vectors for certain virus
diseases as well. Numerous systemic and contact insecticides are effective
in controlling defoliating insects. Varietal resistance to defoliating
insects has not been identified.

idlwﬁEﬂJ Flower, and Pod Feeding. 1In addition to leaf feeding, some
insects such as the corn carworm (Hel{oth{s armmigera Hubner) and bean
lycaenid (Catochnysops cnefus Pabricius) feed on buds, flowers, pollen,
or immaturce pods of mungbean.  Injury or destruction of these plant parts
by the corn carworm ov the bean lycaenid, or other insects such as bean
thrips (Taenicthnips Longdstylus Karny), will 1educe pod set and yield.
Another destructive inscct on mungbean is the stink bug (Nezatra vinddula L)
which dunages pods and seeds with its piercing mouthparts. Pods may fail to
develop, or zeeds may be shriveled from the punctures. Contact insecticides
are usually effeciive for control of these insects.

{e) Pods Borers.

Bean Tod Borers (Maauca testulalis Geyer; Etlella zinckenelfa Tretsch.).
Eggs are laid on petals and sepals.  The larvae feed on the flowers and bore
into the pods. Young larvae of M. testu?alls may cause Flower bud shedding,
or destroy flower reproductive parts.  The insect is wide sprcad geoaraphically
and is said to be one of the scerious preharvest pests of grain legumes in
Nigeria (Taylor, 1978). cChemical control of pod borers is difficult due to
the larvae feeding inside the pod where they are protected from insecticides.
Insecticide sprays must be timed to kill the larvae hetwoeen the time they
hatch and tne time they crnter the pod (raylor, 1978). Mungbean flowers open
over a periad of several weeks, so threce or morce spray applications are
pecded to give control. In the Philippines, seed loss from the pod borer
iz reported to be relatively smill compared to that from leaf-feeding insects
'Litsinger, Ouirino et al., 1978). Some munghean accessions with moderate
resistance have been tfound at AVRDC (AVRDC, 197883, 1979).

(4)_Root Insects. The toy beetle white grub (Leucopholds (uotata
Chevrolat) attacks mungbean in the Philippines (PCARR, 1977). The larvae
feed on the root system of the mungbean plants. The extent of injury is
not known.
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(g) Storage Insects.

Callosobruchus Sced Weevils (Calfosobruchus spr.). The cowpea seed
weevil (C. macufatus F.) and adzuki bean weevil (C. CRINCAALA L.) are
destructive stovage pests of qrain legumes in the tropics. The Callosobruchus
weevils or bruchids ave present in all tropical and subtropical climates
(Southgate, 1973). Field infestarion begins with eggs laid on mature qreen
pods.  The larvae hore throuch the pod and enter the developing grain. Field
infested seced placed in storage scrves as o source of infestation for stored
secd.  In storage, eqgs arc deposited on the seed ceat of the dry sced. The
larvae bore into the seed and hollow out the interior as they feed., After
pupation, the adults cmerge, leavang holes whoere they exit, and deposit
¢qgs on sound sceds starting a new cycle.  The cycle from ¢qgqg to adult
requires “hree to four weeks. 1°f uninterrupted, iafestation may continue
until all seeds arve destroved.  Control involves sanitation of storage
premises, storage of clean uninfested sced, and cradication by rumigation.
Coating stored mungbean seed with a thin coat of peanut or mustard oil
inhibits oviposition and protects sceds from infestation for 4 to 5 months
(Park, 19738A7; varma and Pandey, 1978). Mixing wood ashes or sand with
stored seed inhibits moveme: t of the beetles and reduces infestation damage.

Mungbean accessions were screcned for rosistance to C. chinensis at
AVRDC (AVRDC, 1979). 1wo accessions, VM2011 and VM3529, were {ree from
field infestation with bruchids, presumable because the pubescent pods
entangled the adults so that they were unable to lay eggs. I adult
bruchids were confined with seods of the two accessions, completion of
the life cycle was delayed for several weeks, suggesting antibiosis in
the seeds in addition te the mechanical resistance in the pcds (AVRDC,
1979) .

Insect Control

In the tropic~, mungbecan 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 insecl pest that would feed exclusively on the mungbean plant.
On the other hand, mungbean serves as host to a Large number of insect
species, that feed on other crop plants az well.  Because mungbean in
tropical countries may be grown in almost ANy season, a succession of
plantings may kecep certain predator insects at higher populatio.s than
would ke the case if mungbean production was limited fo a single scason.
Insect control practices in mungboean depend on cultural practices, natural
control agents, chemical insccticides, and resistant varictios.

1glwg}@}1yggtl1{ﬁgyi£@ﬂ, Variovas cultural practices sevve to keep an
insect population in check, although complete control will not be realized
by cultural practices alone. Cultural practices that may be useful are

(@) altering planting dates to avoid peak inscet populations, (bY ase of
crop rotations to avoid build-up of a particular insect species, ()
increasing plant density to compensate for plants that may be destroyed,

(d) control of weeds that serve as alternate hosts, (o) enployment of mixed
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cropping to alter the succession and intensity of insect pest build-up,

and (f) clean cultivation to reduce weed host plants and destroy places of
hibernation. Hand picking of insects and egqg masses may be practiced in
small fields. Trap crops may be planted ecarly to obtain a concentration

of an insecct, with the inscct being destroyed then by an insccticide.
Cultural practices should be developed that will augment reproduction of
beneficial inscct predators.  Because mungbeans arce grown in many countries
which differ in climatic conditions and sophistication of cultural
practices, local research is needed to develop practices that will be

most effective for inscct pest control in the local environment.

(b) Natural Control Agents. HNatural contrel agents, such as predator
species, parasites, and pathogens, c¢an be important in controlling insect
pests. Subasinghe and Fellowes (1978) has identified parasites of several
grain lequme pests in Sri Lanka including beanfly, bean pod borers, and
corn ear worm, which damage mungbean. In the Philippines, incidence of
natural parasites attacking grain logume pests is reported to be low
(Litsinger, Price et al., 19278). However, in the southern U.S.A. pathogenic
fungi arc reporvted to inflict high mortality in populations of Lepidopterous
larvasz feeding on goybecans (National Science Foundation, 1974), Many of tre
Lepidoptera that feed on soybeans algso feed on mungbeans.

Increased utilization of natural control aqgents of inscct pests would
reduce costs associated with use of chemical insccticides and reduce the
adverse cffect on the environment accompanying the us. of chemicals.
Extensive resceavch will be requived before natural control agents can be
manipulated so as ‘to play a significant role in control of insccts on
mungbecan and theilr use does not offer a viable alternative for the
immediate future. HMeanwhile, they should be observed, protected, and
utilized as {ully as possible as a component of an integrated pest
management prodgram.

1] Contiol. Chemical insecticides offer a means of

(€) Chemica
controlliirg local outbreaks of ingect pests. Evidence that substantial

yield increases may be obtained by use of chemical insecticides to control
insect pests of mungbean is found in reports from Thailand (Sepswasdi and

Moksongsee, 1971; Roonsook et al., 1973); the Philippines {(Pablo and

Pangga, 1971; Recijesus and Banasihan, 1978; Cruz, Paragna and Litsinger,

1980); India (Harvesh and Thakur, 1972; Chowdhury et al., 1975%; Saxena,

1978; Mahadevan ct al., 197&), and Taiwan (AVRDC, 19788, 1979). lowever,
there is Jittle information on the extent to which insecticides arve used

on mungbeans. In one survey in the Philip; .nes (Litsinager et al., 1978),

41% of the farmers interviewed used insecticides and 340 practiced hand

picking of large insects from mungbean.  This may not be a typical sample
since ail of the farmers surveyed used insccticides on other crops. 1In

most arcas that mungbeans are grown, .nsccticides are scldom used on mungbean.

Recommendations {or use of chemicals te control insects vary from country
to country due to differences in insect pests present, availability of
insecticides, availability of equipment to apply the insccticides, environ-
mental consideration, and governmental reqgulatory procedures. N rataonal
chemical control program for a particular arca could be develoved 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; (D) optimum rate and timing of
application, and (¢) integration of chemical control with other pest control
of insects may be uneconomical unless other good production pracltices are
followed. Conversely, other Practices may be uncconomical unless insect
control is practiced in areas where insect damage is severe.

Rate and timing of insccticide applications arve important, and will
vary with type of insecticide being applied, insccts to be controlled, and
the environment (Rejesus and Banasihan, 197¢). Studies in soybeans show
that a moderate level of insect defoliation docs not reduce seed yield
(Hinson and Hartwiqg, 1977). The rcecommendation for soybeans is to delay
application of the insccticide until defoliation approaches 35%.  TFrequently,
natural control agents will then have reduced the insect rests so that
insccticide use can be reduced ov eliminated.  Hinson and Hartwig (1977)
suggest that application rates giving 802 kill of foliaqge feeding insects
on soybean will be as ef fective ip reducing crop injury as rates giving
100% kill.  With the similarity of foliaqe feeding pests in soybean, and
mungbeon, these roecommendations shonled apply to mungbean as well as soyvpeans.
The lower vate of application would reduce insccoticide coste and cause less
deterioration of the environment. TPhe time of insecticide ampliations
should be detormined from specific information on kinds and pumber of insects
present rather than stage of plant growth, o1 at predetermined intervals, as
is often done (Rejesus and Sanasihan, 10978) . Eucessive gpplication of
insecticides may injure or destrov the soil 1hizobia and adversely aflfect
nodulation.  Chemicals alone should not be relied upon for complete pest
control, but should be part of o total rest control program involving
cultural practices, protection of notural predators, and use of resistant
varieties, il thev are availablc.

A partial list of insecticides .und seed storage fumigants is given in
Tanle 12. Some insecticides are sold under more than one trade name, and
trade names in some countrics may differ from those given here. All
insecticides shonld be used strictly in accordance with the labeling. The
Label should be checked Tor crop to which the insceticide may be safely
appliced, insect pest to be controlled, and rate of application.  Local
regulations on the use of the chemical should be strictly adhercd to, for
the safzty of Lhe applicator and the consumer of the product.  lor cexample,
Talekar, Lee, and Sun (1977) have shown that soil and (oliar applications of
Ve tabeled carboturan and phorate were readily absorbed and trans located to
plant tissne wnd o sceds of nungbean.  Soi applicationg of oranular
fensulfothion in Inaia Jeft residues in mungboan secds cxcocding Loxic
tolerance levels: aldicarh and disul foton residucs were below tolerance
levels (Rajukbannu et al., 1977).  These experimencs emphasize the need
for careful monitoring of chomical applied and application procedures for
safe use of an inscoticide.

In the U.5.A., c¢learance by the Environmental Protection Agency (E.PL.A.)
is requirved before an insecticide can be labeled for use on a particular crop.
None of the insccticides listed in Table 12 have E.P.A. clearance for use on
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Table 12. Partial List of Systemic and Contact Insecticides and Fumigants.

Common Name Trade Name” Nature of Compound Toxicity
to Humans

Aldicarb Temik Systemic carbamate insecticide,

acaricide and nematacide : ‘ Very high
Carbaryl Sevin Carbamate insecticide » Moderate
Carbofuran Suradan Systemic insec+«icide and nematicide Very high
Chlorpyrifos Dursban, Lorsbar OCraganic phosyhate insecticide Moderate
Dematon Syvstox Systemic organic rhosphate Vexry high
Diazinon Organic phosihate insecticide Moderate
Dimethoate Cygon, Rogor Systemic organic phosphate Moderate
Disulfoton Di-Syston Organic phesvhate insecticide and acaricide Very high
Endosulfan Thiodan Chlorinated nydrocarbon insecticide High
Malathion Oraanic whosrhate insecticide Low
Methoxychlor Chlorinated nycdrocarbon insecticide Very low
Monocrotophos Azodrin Organic rhosprhzte insecticide and acaricide Very high
Nicetine sulfate Contact 1insecticide High
Oxydemeton-methyl Meta-Systox R Systemic phosphate insecticide and acaricide Hich
Phorate Thimet Systemic oraanic insecticide and acaricide Very high
Stirofocs Gardona, Rabon Organic vhosphate insecticide Low
Terbufos Counter Organic phosphate, scil insecticide Very high
Aluminum phosphide Phostoxin Fumigant for food grains Very high
Ca. ontetrachloride Fumigant for fcod crains Low
Methyl bromide Fumigant for food grains High

aviror. -tal pretecticn and safety requires that all pesticides ke used strictly in accordance with

the labeling. 2fore using a pesticide the agplicator should check the label for crop to which it may be

e

appliec, name cf insect »est to be controlled, and dosage rate to be applied for a particular pest; and
governmental reg . itions should he checked regarding use of the chemical on a particular crop and insect
pest since they may vary in countries or provinces. None of the above chemicals have been registered by
the Environmental Protection Agency for us» on mungbean in the U.S.A.

v8



Table 12. (continued)

v

DTrade 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
Internaticnal 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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mnungbean, 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) Most Resistance. Varietal resistance to insects in mungbean has
been studied at AVRDC. Screening tests have identified varietal resistance
for the beanfly (AVRDC, 1974, 1975, 19787, 1979), the cowpea aphid (AVRDC,
1979), and the Callosobruchus sced weevils (AVRDC, 1979). Litsinger,

Quirino et al. (1978) suggest that priority in breeding for resistance be
given to the {lca beetle, leaf hopper, and beanlly because they are difficult
to control by chemicals. Much additional rescarch will be needed before
resistant varicties make a significant contribution to reducing insect

injury in mungbcan.




XII OQUALITY 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 vegetable
proteins. The grain Tegumes provide the next most important source. The
daily protein intake supplied b the yrain legumes varies from 2% in Northern
Europe and 3% in Canada, to 2€ in India (U.S.A.I.D., 1971; Jeswani, 1975).
The uniqueness of the grain legumes as food is their high content of protein
which nutritionally balances the protein from the cer=al grains.

. . . . . a
Table 13. Protein Consumption in Various World Refjions.

Region Average Total Total Protein Supplied by
Protein Consumed Cereal Grain Animal Other
per Person per Day Grains Legumes Products Sources

g % % % %

Developed Regions

North Europe a8 29 2 59 10

Canada 96 . 33 3 - 67 R
Less Developed Regions

Central America and AT S SRR SR S s

Caribbean 54 45 13 S3l 11

South America 57 40 1o - 36 " 14

India 56 57 26 13 4

Other South Asia 55 64 11 20 5

aAdapted from: U:iited 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 Value of Mungbean

The nutritional constituents in dry seeds and sprouts of mungbean are
compared with several grain legumes in Table 14. In most respects, the
nutritional const.tuents of mungbean are comparable to those of dry beans,
chickpea, and cowpea, but differ from those of soybean in protein, fat,
carbohydrates, and some of the mineral elements.
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Table 14. Nutritional Constituents in 100 Grams of Several Grain Legumes

Food N »
Pulse Water Energy, Protein Fat Carbohydrates Calcium Phosphorus Irénj Sodium Potassium
Calories S
g g g 9 mg mg mg mg mg
Dry Seeds
Mungbean 10.7 340 24.2 1.3 60.2 118 340 7.7 5.9 1027
Beans, white 10.9 339 22.3 1.6 61.2 144 425 7.8 18.9 1195
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
Soybean 10.0 403 34.1 17.7 33.5 226 554 8.4 5.1 1676
Sprouts
Mungbean 88.8 35 3.8 0.2 6.6 19 64 1.3 5.1 223
Soybean 86.3 46 6.2 1.4 5.3 48 67 1.0 - - -

a C . .
Adapted from: C. F. Adams. 1975. Nutritive Value of American Foods.
United States Department of Agriculture, Agriculture Handbook 456.
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Table 14. (continued)

Vitamin A Value,

Riboflavin

Pulse International Thiamin Niacin Ascorbic -
Units Acid
mg mg mg mg
Mungbean 79 0.38 0.21 2.60 -
Beans, white = 0.65 0.22 2.40 -
Chickpea ‘51 0.31 0.15 2.00 -
Cowpea 31 . 1.05 0.21 2.20 -
Soybean 79 1.10 0.31 2.20 -
Mungbean 20 0.13 0.13 0.79 18.9
Soybean 0.23 0.20 0.79 13.0

fjfjgx

68
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(a) Protein Content. The protein content of mungbean averages around
24%, roughly double the protein content of many cereal grains; similar to
the protein content of dry bean, chickpea, and cowpea; and about tvio-thirds
of the protein content of soybean. In sprouted seceds, the protein:carbohydrate
ratio increascs as the sprouting advances (Rochanapurananda, 1934).

(b) Amino Acid Balance. The amino acid content of mungbeon and other
pulses has been reporied by Niyogi, Narayana, and Desai {(1932); Vijayaraghavan
and Srinivasan (1953). Bandewey and Evans (1963); venkat Rao ct ai. (1964),
Sevilla-Busebio, Gonseles et al. (1oow), Gone des oo oo (1972), Kylen and McCready
(197%), and othevs. 'The specific content of the diftoecent amino acids ire
the protein of a particular species will vary with the variety and the
environment in which it is grown, and the content reported may vary with
the method of amino acid analysis.  An average content for selected amineo
acids in several pulse and cerecal grains is given in Table 15.

The nutritive value of mungbean protein is affected by the total protein
content and the balance among the nutcitionally essential amino acids. 1In
animal proteins, the amino acids are aencrally present in proportions to
satisfy human nutritional needs. In veqetable proteins, one or more aming
acids is deficient so that the protein is not balanced as required for the
human diet. The amino acids important in human nutrition which may be
imbalanced in veqgetable proteins are lysine, methionine, cystine, threonine,
and tryptophan. A qeneral rule is that the amine acids be supplied iIn the
diet in a ratio oi 4 parts lysine: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, it becomes the limiting factor in the nutvitive value of
the protein.

Mungbean and other pulse crops ave relatively rich in lysine due both
to high protein content in the seed and high content of lysine in the protein.
Litzenberger (1973) reports that one gram of mungbean containing 19.3 mg
lysine, comparcd to .74 mg in one gram of wheat and 2.99 wmg in one gram of
brown rice. Conversoly, methionine and related sulfur-bearing amino acids
are higher in cercal grains. Cne gram of wheat containg 5.28 mg combined
methionine and cystine compared to 2.94 mag in one gram of mungbean.  When
cereal grains and muingbean are mixed in the dict, a hetter amino acid
balance is possible than when eicher is consumed alone. A 70:30 ratice of

rice protein to mungbean protein is suggested as being optimum for human
diets (Plorentino, 1974).

Biological Value, and Nutritional Value of Mungbean

(¢) Digestibility

Protein. Protein quality may be evalnated with reference to its digestibility
and biological value. Mungbeans are widely regarded as being move casily
digested than other pulses.  For that reason it is a favorite pulse for
elderly people and children.  This belic! 1u borne out hy comparisons of
several pulses which show digestibility valucs as follows:  aungbeans, 83%;
blackgram, #5829 chickpoa, 7% pigeon pea, 71% (Niyoegi ot al., 1932). Another
measure of prote n qguality is biological value, which is the relation of
protein retention to protein absorption.  Comparative values for several
pulses are as follows: munabean., 64%: blackaram, 60%: chickpea, 78%; and




Table 15. Content of Several Amino Acids in Pulse and Cereal Grains.a

Nutritive Value
Crop Lysine Methionine Cystine Threonine Tryptophan in Relation to
Egg Protein

mg mg mg mg mg %
Pulse Grains
Mungbean:b Average 504 33 44 209 50 v 32
Range 419-678 24— 38 19- 65 186-225 35-102
Bean:? Average 450 66 53 248 63 47
Range 306-557 28-131 21-108 192-356 32-101 o
Chickpea:? Average 428 65 74 235 54 53
Range 406-463 34-106 50— 94 219-263 25- 94 L
Cowpea:b Average 427 76 68 225 .68 57
Range 394-479 50-119 48-106 178-300 66~ 70 2
Scybean:D Average 399 79 83 241  :80# ﬂ62?
Range 313-477  53-114 51-114 200-285 75- 88 i
Blackgram® 375 63 209 - 63:

Cereal Grains

Rice Average 200 ~.100 169 - 176.
Wheat® Average 219 "131‘:' k 156 ;65 
aMg per g of nitrogen. 13:5{ \  c ; cVenkat Rao et al. (1964).

bUSAID (1971) , Tech. Bull.}Nb,ﬁS,;‘ , dBandemer and Evans (1963} .
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cowpea, 72% (Niyogi et al., 1932). These ..ata show the mungbean protein to
be inferior to that of other pulses, except blackgram, in liological value.
Comparisons at AVRDC show soybean protein to be slightly higher in
digestibility than mungbean protein, and the two proteins to be similar

in biological value (T'sou and Hsu, 1978). The nutritional value of mungbean
protein is inferior to protein of other pulses and the cerveal grains, rice
and wheat, in comparisons with eqgg protein (fabla 14).  The nutritional
value of eoqu protein as the standard is 1006%.  The low nutritional value of
mungbean protein in comparison with eqgy protein results from deficlencies
in the sulfur-bearinag amino acids, methionine and cystine.

_(({) _\A/._L‘_L::'_l_xr_\’i‘n;;. Mungbean sced is a source of vitamin A, thiamin,
riboflavin, niacin, and some other water soluble vitamins (Table 13).

With sprouting, there is an increase in content of riboflavin, pyridoxine,
niacin, pantothenic acid, and biotin (Burkholder and McVeigh, 1945).
Ascorbic acid is synthesized in the sprouting process and sprouts provide
a good source of this vitamin (Bhagvat and Rao, 1942; Kylen and McCready,
1975) .

(¢) Minerals. Mungbean sceds are a rich source of phosphorus, potassium,
and iron, but are relatively low in calcium. The content of these mineral
elements in mungboean is similar to that in bean, cowpea, and chickpea, but
lower than in sovbean (Table 13).

{f) Trypsin Inhibitor. The nutritive value of legume proteins is
generally adverscly affectced by the presence of toxic substancas such as
trypsia inhibitor, hemagglatinins, or other growth inhibitors (Patwardhan,
1962; Liencr, 10602; Venkat EFao b al., 1964) .  These substances exert a deleterious
effect on growth by inhibiting the digestibility or utilisation of particular
amino acids including methionine.  The adverse nutritional or toxice etffact
can be eliminated Ly appropriate methods of heating or cocking. A trypsin
inhibitor has Leen isolated from mungbean seeds (Honavar and Sohonie, 1959),
and digestibility of mangbean is improved by heating (Patwardhan, 1962;
Sevil la-Susebin, HMamaril of al., 1902) . agbean and blackgram ave reported to be
low in toxic or antinutritional substances in combaricon with otier pulse grains
{(Engel, 1978). This apvears to he borne out by rescavch results cited by
Venkat Rac ot al. (19064), in which the wecekly guain in bodvy welght of rats fed
autoclaved gr in of mungbean and Hlackgram excecded the gain of rats fed
raw grain by 5% nd o d%, respectively.  In comparison, feeding autoclaved
grain of cowpea and chickpea increased geins by 18% and 65%, respectively
over feeding raw grains.

{g) Flatulence Factors. A characteristics of lequme seeds consumed as
food 15 their production of flatulence. The oligosaccharides, raffinose
and stachyose, have been implicated as flatus producers. Mungbean is widely

regarded to be low in production of flatulence in comparison with other
pulse crops, or with sovbeans. This iIs confirmed by reports which show a
rancs in stachvose content in mungbean of 1.01 to 1.96 /100 g of seeds

and in soybean, 2.70 to 3.80 /100 g sceds; and vaf{inose content in
mungboan of 0,44 to 0.51 /100 g sceds, und in soybean 1.25 to 1.30 /100 g
seeds (Tonusi, Kasai, and Kawamura, 1972; Tanalka et al., 197%; and Hymowitz,
Collins, and Poehlman, 1978). Sprouts rctain most of the flatulence factors
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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 mungbeanr is used in
making noodles. Mungbean flour is used to fortify wheat [lour, or to produce
high protein supplements for feeding children. Many indigenous dishes are
prepared from mungbean.

(@) Milling. The largest produccey of mungbean is Tndia. 1In India,
most of the munabean is denhusked and split to produce a product locally
known as danfl. The Achl i cooked in water and eaten witis rice, or prepared
in other ways. To produce the dehusked splits, or dahf, the mungbean may be
milled by several procedures (Huricen, Desikachoar, and Parpia, 1974; Araullo,
1974%; Wrenshaw ¢t al., 1979; tUnited Hations Iniversity, 1979). I the
traditional village milling procoss, the raw seeds are dried in the sun to
loosen the husk. To assist in Joosening the husk, the seeds may be treated
with oil, or steoped for several hours in water, prior to drying. The husk
ls removed from the sced by pounding or grinding, after which the grain is
winnowed to separate the hushs from the cotyledons.

In commercral operations, the grain is dehusked by a roller mill, or
an abrasion-type huiling wachine, after the grain has been conditioned in a
controlled temperaturce and moisture envivonment.. The seeds may he split
simultaneously with the husking process, or after being dehnsked, using
specially desiqued cguipment.,  Removal of the hull decreases the {iber from
5% to 0.75% and increases jprotein from about 249% to 2649 (Payvumo, 1978).

The mungbean hall constitutes about 119 of the whole grain leaving a
theorctical milling yield of §9%, but with the traditional milling
procedures, milling loss is heavy and milling vields of 62% to 65% are
comnon. With improved processing procedures, losses are reduced and milling
yield can be increased to 83% (K vien et al., 1974). Mungbean f{lour is

produced from dehuszked whole or splic seeds.

(b)_Conking.  Whele grains or splits of mungbean (dafil) are generally
boiled after soaking in water for varyving periods of time. In general,
pulses requive a long ceoking time, {rom 30 to 40 minutes. The long cooking
time is objectionable wheve fuel is scarce and expensive.  TFor infant
feeding, ihoe boan must be mashod and sieved to remove the scod eoat in
addition. Muangcan is reported to require a shorter cooking period than
other pulses.  The vooking time required to obtain splitting of 50% of the
sceds of several varietics of mungbeans at AVRDC averadged U2 minutes.
Comparisons with other pulses were not made.  Prior sosking in watoer
increased the cooking time slightly. Blanching in boiling water for 4
minutes, with an #-hour soaking period in salt water, reduced the cooking
time to about 6 minutes (AVRDC, 1980). Many local Philippine recipes for
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preparation of mungbeans as food are given in the bulletin "The Philippines
Recommends for Mungo, 1977" (PCARR, 1977).

{¢) starch. Mungbean stavch noodle, a traditional Chinese food, is
made from mungbean starch. It 1s tasteless, translucent, easily cooked,
easily kept, and possesses a special texture. In comparisons of mungbean
starch noodle with pea and sweet potato scarch noodlos, mungbean starch
noodle was found to be excellent in texturc by organoleptic test, to have
much less cooking loss of solids, and tce have a stronjer structure as
observed by scanming electron microscopry. This was thought due to the
characteristic properties of mungbean starch, namely, stable paste viscosity
at high tenperatures, and amylose contont {ca. 10%) which 1ls optimum for
production of a high gquality starch nocdle (Lii, Chen, and Wang, 1979).
Mungbean starch is isolated commercially by & lactate fermentation, the
so-called "wet process." This process results in high nutrient loss,
especially vrotein, and disposal of the steeping ligquor causes pollution
problems (Wang, 1978; Chen, Wang, and Tsou, 1980). Studics are being made
to improve the process.

(d) Supplemental Protein. Mungbean flour and protcin isolates from
mungbean are utilized 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 the cause (Payumo, 1978). This has prompted the
development of high protein food supplements from mungbean and other
vegetable protein flours for 'ise as weaning foods and for school feeding
programs.

Several weaning foods have been formulated in the Philippines utilizing
mungbean flour (Payumo, 1978). A mixture, called MCM, is made from mungbecan
and coconut flour and skim milk powder. Another, MRCF, is made from mungbean,
rice and coconut flour, and fish protein concentrate. HBoth foods have a
protein content around 24%, and contain 264 and 383 calories, respectively,
per 100 g of food. 2A product, called Nutripac, is made from mungbean grits,
rice, skim milk powder, and oil. Dried flakes are made utilizing mungbean
flour with various combinations of rice flour protein isolate, fish protein
concentrate, or dried milk. Other products utilizing mungbean f{lour include
snack foods, cockies, coco noodles, and mungbean soup (Payumo, 1978; Pa,umo
et al., 196¢; Payumo and Castillo, 1979). A bread, pan de 5&8, is made by
fortifying wheat flour with mungbcan flour (Legaspi, Payumo, and Gopez, 1976).
Protein isolates f{rom nungbcan, with a protein content of around 80%, may be
used to fortify food products and increase their protein content (Gonzalez
et al., 1964; Bhumiratuna, 1978; Coffman and Garcia, 1978).

() Sprouting. Sprouted lequme seeds have been used for centuries as a
fresh vegetable in oriental cooking. In recent vears they have become
increasingly popular in the United States and Furope. Mungbean and blackgram
are the principle legumes used in sprouting, althcugh soyhean may be used also.

Procedures for sprouting mungbean in the home have been described by Wen
(1937), Beeskow (1943), Kuhn (1946), Bradsher and tpchurch (1980), and others.
A simple home procedure is as follows: Soak the seeds overnight, or until
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the testa has burst. 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 sced and wet paper
toweling. Storc in a dark place at a temperature around 20 to 22°C,
Sprinkle the towels sufficiently to keep them moist at all times. The
sprouts should be ready to usec in 5 to 7 days. Wash to remove the hulls.
Procedures {or commcrcial sprouting of large batches has been described

by Kuhn (1946).

The nutricnts in munghean seeds and sprouts is reported by Adams
(1975), Fordham, Wells, and Chen (1975), and Kylen and McCready (1975)
{see Table 13). With sprouting, there is an increase in protein, thiamine,
riboflavin, niacin, and ascorbic acid on a dry weight basis.

In commercial sprouting, a short, thick hypocotyl and short roots are
preferred to long, svindly hypocotyls and long roots. When mungbean sceds
are sprouted under streuss, cthylene is produced which requlates growth in
such a manner thar sprouts with short roots and large diamcter hypocotyls
are produced (Chang, 1978). One method of applying stress is to apply
pressure to the sprouting mungbeans.  This can be done by placing a heavy
weight on top of the mungbeans while they are sprouting. Temperature is
important, also. Steuter roots were produced at 20°C than at 25°¢,
although roots were longor at the higher temperatoeo, Another undesirable
factor is anthocyanin formation. Anthocyanin formation in the sprouts is
affected by the variety and is stimulated more at 25°C than at 20°cC.

Blackgram is preferred to nungbean for sprouting in Japan. Sprouts
from blackgram are reported to be whiter and stay fresh longer than sprouts
from mungbeans. Small seeded soybeans are sprouted in mainland China.

Animal Feed

The forage remaining from mungbean after the pods have been picked has
long been used for animal feed in India, the Phil_ ppines, and other Agsian .
countries. Mungbean hay is comparable to hay from cowpea or soybean
(Kingman and Doryland, 1917). Feeding trials in Oklahoma indicate that
mungbean hay had 80% to 853 of the feeding value of alFalfa hay rfor milk
production but was not caten by dairy cows as well as alfalfa hay due to
its coarse stems (Ronning et al., 1953), Palatability was improved by
ensiling, with 2.85 kg mungbean silage being eauivalent to 1 kg of alfalfa
hay.

Cracked beans or mungbean sced cthevwise cnsuited for sprouting can
be ground and used satisfactorily to partially replace protein concentrates
in rations for daivy cows (Ronning et al., 1953}, fattening lanbs (Briggs
and Heller, 1945), Fattening swine (Thompson and Hillier, 1942), turkey
poults (Milby, 1945), and poultry {(Adan, 1935; Rodriguez, 1936; Thayer and
Heller, 1919; venkatraman and Jayva, 1976) . Mungbean was high in palatability
when compared with other Jeaume soeed in poultry rations, although not as
palatable as animal puoteins. Methionine must be supplied by other
ingredients in the ration to overcome the deficiency in munybean.
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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 scason, a large
amount of vegetation is accumulated in a short period of time. Varieties
that produce a large amount of growth would be most suitable for solil
building. Luoculation te insure effective rhizobial activity will enhance
its value as a soil building crop. Mungbean plants growing in Oklahoma
contained 0.75% nitrogen in the roots, l.4w: in the stems, and 1.81% in
the leaves (Ligon, 1945).

Breeding for Improved Quality

The unicue feature of grain legumes from a nutritional standpoint is
the high protein content of the seeds. Due to the high protein content,
the grain legunes play a significant role in fortifying the protein content
in the diets or people in many developing areas of the world. In breeding
efforts Lo improve vield and nutritional quality, the pulses have baen
largely neqglected and progress has been meadqre in conpavison with the
extensive efforts and advancements that have been made with the cereal
grains. This has resulted in a decline of total pulse production as
hectares fereerly plonted to pulses have been shifted to the new, high
yielding coreals.,  In recognition of this neglect, the Protein Advisory
Group of the United Hations System has vecomnended development ol a strategy
for upgrading human nutrition through improvement of the food grain legumes.

Ranges in protein content from 2306 to 34.0% for diffevent varieties of
mungbean were veportod by BEsh, Do, caed Basu (1059) : from 19.8 to 23.1% by
Krober ot al. (1970); from 19.1 to 2#&.3% by Yohe and Poehlman (1972); and
from 19.% to 2,51 for 1845 accessions at AVRDC (AVRDC, 1975). A major
problem in utilization of this information is that protein content LS
affected greatly by envivonmeutal factors such as soll fertility, soil
moistuve, tomsoratire, tlant disease, maturity of pod, and other lactors.
These data are usually reported from one analysis of a lot of sced grown
at a sinsle location. Unless a genetic strain is consistently higher in
protein over a wide range of environments, one cannot be sure whather the
differences arc genetically controlled or artifacts of the environment.

So far, solid cevidence of the superiority in protein contont of a
particular genetic strain dees nobl appear to be available, orv if available,
that high trotein and high yield can be combined in the same strain.  With
the prosent sitate of breeding in mungbean, ureater progress could he made
by 1mprovimg vield per hectare, thus increasing total protein production
per hectare, than by cfforts to improve the genetic potential for higher
protein content.
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The situation is similar for attempts to improve the amino acid
balance. Mungbean is rich in lysine and deficient in methionine.
Variation among genetic strains in methionine, and other amino acids,
have been reported by Yohe and Poehlman (1972), Soni, Narang, and Singh
(1975), Shobhana c= al. (1976), and othors, Blackgram is reported vo have
& higher methionine content than mugbean (shobhana et al., 1976; Tsou ot
al., 1979). Methionine i qunerally reported as me o in one g of nitrogen.
Thus envivenmental factors affecting protein content will also affect
methionine content.  Thove ie insurficient data to show Lhat o particuiar
strain of mungbean is consistently high in methionine over 2 wide range of
enviroaments. hrooding cfforts to Increase methionine does not aphear to
be justificd with the present state of mungbean breeding.  Mungbean is not
eaten as the sole food constitutient in a dict. Tt ie genevally eaten as
a supplement to ceveal products, which are comparatively rich in methionine.
Increased total protein production through higher vields would increase
total methionine production.

Short cooking time and large expansion in volume with cooking are
desirable cooking characteristics in mungbean. Short cooking time ig
importunt as it would result in savings in fue! costs. Differences in
cooking time and volume expansion with cooking of 60 varieties of mungbean
wore studicd by Shivashoankoar et al. (1974) . Cooking time varied from 29 to
55 minutes and volume increascs of 100 to 312%, were reported among the 60
varietices. 1In general, small seeds had a higher specific gravity and qgave
maximum percentage increase in volume with cooking.

Mungbean protein was shown to have higher digestibility than blackgram
protein at AVRDC, but was lower in methionine content (I'sou et al., 1979) .,
Combining these characteristics through interspecific hybridization of the
two species is being attempted.
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