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About this report

The Mungbean Report for 1976 summarizes research conducted at the
Asian Vegetable Research and Development Center (AVRDC), and in coopera-
tion with various national programs. Persons desiring additional de-

tails of the work reportedmay contact Dr. Hyo-Guen Park, Mungbean Coord-
inator.

Data are presented in metric units. Monetary values have been con-
verted to equivalent U.S. dollars. Mungbean yields are calculated as
seed weight at 12% moisture.

"Check" means an untreated experimental plot unless stated other-
wise. A single asterisk (*) means significant at the 5% level; a double
asterisk (**) means significant at the 1% level. Pedigrees in the AVRDC
breeding program are identified by slant bars (/). Disease ratings in-
clude: R-resistant; MR-moderately resistant; MS-moderately susceptible;
and, S-susceptible. Specific definitions of these ratings are given in
tables where they apply. A mungbean accessions list is on page 66. Com-
mercial names are occasionally used for identification; such use does not
imply endorsement by AVRDC.

Additional research reports published by AVRDC can be found in the
publications 1ist. These are available by writing to the Office of In-

formation Services, AVRDC, P.0. Box 42, Shanhua, Tainan 741, Taiwan,
R.0.C.

Information and conclusions reported herein are solely the re-
sponsibility of AVRDC.

Correct citation: Asian Vegetable Research and Development Center.
1978. Mungbean Report for 1976. Shanhua, Taiwan, Republic of China.
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Introduction

In every country, throughout history, regardless of class, religion,
or politics, children are the hope of mankind. And, yet, they very often
grow up only to swell the ranks of the world's hopeless and miserabie ma-
jority. Hunger will be their constant companion; disease, the silent
partner in every act.

Malnutrition takes several forms and has many causes with only one
known cure-- an adequate and well-balanced diet. But, it is not suffi-
cient to consume an adequate quantity of food, we must also be corncerned
with food quality. Far too many children in the developing countries are
doomed by malnutrition to lives of irreversible physical and mental dam-
age. Even babies who receive adequate nutrition while breastfed, often
become malnourished after weaning because of the change from mother's
milk to a diet of cheap, nutritionally incomplete foods such as rice
gruel, cassava, and bananas. Their tiny stowachs will not hold enough of
these bulky staples to provide an adequate supply of protein and other
essential vitamins and minerals. Such diets during the early years of
life impair the development of the brain and central nervous system,
thus preventing the realization of genetic potential and permanently re-
tarding learning capacity. The problems of nutrition are fundamental to
every human activity and demand immediate and concerted attention world-
wide.

Scientists at the Asian Vegetable Research and Davelopment Center
(AVRDC) are charged with the vital task of developing appropriate tech-
nologies and improving production of six vegetaiLle crops in the hot, hu-
mid, lowland tropics. Although rice is the principal staple in these
lands, AVRDC's vegetable crops are effective nutritional supplements to
a rice diet as they supply essential plant protein, vitamins, and miner-
als. Additionally, these crops offer Asian fzrmers opportunities to in-
crease their incomes and, thereby, enhance the quality and security of
their Tives.

AVRDC, organized in 1971 by representatives from seven interested
countries, was officially dedicated October 17, 1970. Although an as-
sociate member of the Consultative Group for International Agricultural
Research (CGIAR), AVRDC receives no funds through the CGIAR framework
as do the other international agricultural i‘esearch centers. Instead,
the governmants of the Republic of China, the Republic of the Philip-
pines, Japan, the Republic of Korea, and the United States (AID) provide
principal funding. Additional donations, often earmarked for specific
research, come from Rockefeller Foundation, the Asia Foundation, Inter-
national Minerals and Chemical Corp., the Asian Development Bank, USI



(Far East) Corp., and others. Funds for research are always needed and
inquiries about participation in AVRDC's programs are welcomed.

Located near Shanhua on the rich coastal plain of southwestern Tai-
wan, AVRDC Ties 19 km north of Tainan City. Land provided by the Repub-
1ic of China, contains a 14 ha campus and a 102 ha irrigated experiment-
al farm. The campus facilities include an administration building, a
laboratory complex, a dormitory/cafeteria, a services building contain-
ing shops and germplasm storage, six greenhouses, and residences for the
international staff. The farm, formerly planted to sugar cane, is level
with silt loam soil and an average elevation of 8 m above sea level.

Completing our fourth research year with the 1976 fall season,
AVRDC is working in cooperation with governments, private groups, and
individuals to improve breeding lines of our six crops, develop new crop
technology, and disseminate information. AVRDC's scientists maintain
contact with the international agricultural community through travel and
participation in conferences, workshops, and seminars. Through visits
to national programs in Asian countries, cooperative trials on farmer's
fields, and involvement in world food-related activities, scientists
familiarize themselves with vegetable production practices and problems.
Additionally, researchers and production specialists from many countries
are trained at AVRDC in an effort to directly improve the capabilities
of natiornal vegetable programs.

In the Mungbean Report, we at AVRDC hope to acquaint you not only
with some of our accomplishments auring the past year, but also with the
challenge we face along with our many colleagues around the world in a
united effort tc produce more and better food for a peaceful and healthy
world. it is our hope that all the world's children will be as happy
and healthy as the little girl on our cover.
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Research Program

1976

Objectives

Higher and more uniform vields from early
maturing cultivars

Varietal resistance to Cercospora leafspot,
powdery mildew, root disease, and viruses

Integrated pest control to reduce production
losses in the field and in storage

Higher protein content with improved quality

Breeding

In 1976, we added 591 new accessions to the germplasm collection
of mungbean and closely related species. The collection now has 4,548
accessions from more than 45 countries, of which 4,151 belong to mung-
bean, Vigna radiata; 178 to blackgram, V. rungo; 85 to ricebean, V.
umbellata; and 134 to adzuki bean, V. angularis.

We continued to identify duplicated accessions based on both com-
puterized accession Tists and field confirmation. We deleted 271
accessions from our active germplasm list due to either duplication or
lack of viable seed. As discussed in the 1975 AVRDC Progress Report,

a number of our accessions are not pure, especially for seed coat color,
and those mixed accessions were carefully separated and assigned new
accession numbers. However, to avoid losing potentially valuable

genetic materials, none of these was discarded during the purification
process.

Yield Trials of Elite Cultivars

The yield and other agronomic characteristics of 29, 20, and 40
elite cultivars were compared in spring, summer, and fall, respectively.
Each trial had an intended population density of 200,000 plants/ha and
received the same amount of fertilizers (60 kg N, 80 kg P,0s, and 120
kg K20/ha). The seasonal effect on yield, yield components, maturity,



qnd plant height are summarized in Table 1. Mungbean evidently flour-
ishes under hot summer weather. The average yield, daily production
rate, and plant height are about twice as high in the summer trial as
in either the spring or fall trials. And the higher yield in summer
was achieved during a shorter growth duration, indicating that bio-
logical processes in mungbean plants are much faster and more efficient
under the higher temperatures of summer. Based on these results,

we recommend planting mungbean during the hot season.

Table 1. Summary of yield, yield components, and maturity for 3 trials
of elite mungbean cultivars; AVRDC, 1976.

Character Spring triald Summer trialb Fall trial®
mean  range mean  range mean  range
(N=29) (N=20) {N-40)
Yield (t/ha) 1 0.4-1.6 2 1.2-2.7 0.9 0.4-1.2
Production rate 13 4-20 32 18-45 10 5-13
(kg/ha per day)

Pods/plant (no.) 21 9-30 23 14-32 14 7-26
Seeds/pod (no.) 11 9-13 12 11-14 11 9-13
1000 seed wt (g) 46 25-62 49 32-79 64 42-101
lant ht (cm) 48 28-68 89 76-104 37 23-51
50% flowered (days) 44 40-52 36 31-42 36 29-40
Mean maturity index< 81 75-90 63 60-67 75 67-82

5own Mar 23. DSown Jul 14. CSown Sep 24. Mean maturity index equals
the sum of the no. of days from planting to each harvest multiplied by
yield at each harvest divided by total yield.

Table 2 summarizes the yield data, daily production rate, and mean
maturities of 15 cultivars which were commonly included in all 3 sea-
sonal trials. The cultivars, KJ 5(M 350)(2984), M 304 (2007), and
PHLV 18 (2184), 3 of the highest yielders in 1975, had yields of 2.6-2.7
t/ha in the summer trial. The early maturing 2184 produced 1.9 t/ha
of mungbean at the first picking only 55 days after planting. Another
0.8 t/ha was obtained in 4 subsequent harvests. Under long day condi-
tions (spring and summer), photoperiod-sensitive cultivars appeared to
have lorger arowth durations with vigorous vegetative growth but pro-
duced smaller yields. Significant negative correlations between yield

10



Table 2. Yield, daily production rate, and mean maturities of 15 elite

mungbean cultivars in 3 seasonal yield trials; AVRDC, 1976.9

AVRDC Yield Daily produc- Mean maturity

acc. no. Spr Sum Fall Mean g tion rate index

pr Sum Fall Spr Sum  Fall
-------- t/ha --------- - kg/ha/day - ---- days ----
2984 1.3 2.7 1.2 1.7 16 44 13 79 61 75
2007 1.0 2.6 1.1 1.6 15 42 12 78 62 73
2184 0.9 2.7 1.2 1.6 12 44 12 78 61 71
1776 1.5 2.4 0.8 1.6 20 38 9 77 63 15
3092 1.5 2.1 1.0 1.6 19 34 11 78 62 74
1381 1.1 2.3 0.8 1.4 15 38 8 7% 60 76
3476 1.1 2.1 1.0 1.4 15 34 10 82 62 82
2272 1.1 1.7 1.1 1.3 14 26 11 84 62 79
2273 0.9 1.9 1.0 1. 12 30 11 83 65 78
3388 1.3 1.8 17 29 8 7 63 72
1844 0.9 1.7 13 25 12 82 66 81
2773 0.4 2. 5 32 10 86 66 79
2013 0.8 1.8 10 29 9 8 63 8l
3404 0.4 1.7 27 12 9 63 78
1016 0.8 1. 18 8 8 66 77
HSD 5% 0.5 0.7 0.6 8
Vv 14 13 40 6

95ee footnotes a,b,c, of Table 1.

and maturity, and between yield and plant height for both spring and
Correlation studies

fall trials support this observation (Table 3).

between yield and other agronomic characteristics from 1975 and 1976

trials indicate no dependable characters on which to consistently base
predictions of yield potential.

Ten of the elite cultivars were also tested during the wet season

(June-Aug) at the BPI

Economic Garden in Los Banos, Philippines.
Indian cultivar, ML-6 (2273), produced the highest yield of 2.5 t/ha,

The

while the local cultivar, MG 50-10A (G)(1381), yielded 1.4 t/ha (Table

4). The average yield of the 10 entries was 1.9 t/ha.

11
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Table 3.

Phenotypic correlation coefficents between yield and plant height, yield components, and
maturity measured on elite mungbean cultivars in 3 yield trials; AVRDC, 1976.

Characters correlated with yield

Season D.f. Plant ht Pods/ Seeds/ 1000-seed Days to Days to mean
at maturity plant pod wt 50% flower maturity

Spring 27 -0.44* 0.31 -0.08 -0.08 -0.42 -0.57**

Summer 18 -0.28 -0.28 0.20 0.03 -0.77%* -0.42

Fall 38 0.55%* 0.52%* 0.46** -0.20 0.01 0.15




Table 4. Summary of yield data, yield components, and other agronomic
traits of 10 elite mungbean cultijvars; BPI Economic Garden,
Philippines, 1976.2

AVRDC Vield Plant ht? Days toP Days to?
acc. no. at maturity flower maturity
t/ha cm
2273 2.5 74a 35ab 58ab
2773 2.4 74a 36ab 58ab
2013 2.0 73a 35ab 57b
2984 1.9 64bc 33a 53c
1945 1.8 66b 35ab 58ab
1380 1.8 66b 35ab 58ab
2184 1.8 55de 34c 53c
1954 1.7 73a 35ab 58ab
1381 1.4 59ab 34bc 53c
2007 1.4 50e 34bc 53¢
Grand mean 1.9 65 34 56
LSD 5% 0.5 6 0.9 0.9

%ptanted June 3 in four 4 m rows 60 cm apart in randomized complete
block replicated 4 times. PSmall letters indicate Duncan's multiple
range groupings of treatments which do not differ significantly at the
5% level.

Harvest Efficiency

We reccgnized that one of the most serious constraints to expanding
mungbean production is the intensive labor required during harvests.
Due to uneven flowering and pod-setting, most Asian farmers hand-pick
mungbean pods during several harvests. Assuming farmers would not easily
change this cultural practice, we conducted 2 experiments to find out if
any varietal difference made hand-picking easier. We suggest a term,
‘harvest efficiency', to describe variation within the characteristic,
and expressed it as kilogram of dry mungbean seeds harvested per person
per hour. Table 5 summarizes the results from 5 elite cultivars planted
in both spring and fall season. We found there were great varietal
and seasonal variations in the harvest efficiency, ranging from 1.4 kg/
person per hour with ML-3 (2773) in spring to 4.6 kg/person per hour
with 2184 in fall (Table 5). In other words, one person may harvest 3
times as much mungbean per hour from 2184 planted in the fall as from
2773 planted in the spring.

13



Tab]é 5. Yield, harvest time, and harvest efficiency for 5 mungbean
cultivars grown in spring and fall; AVRDC, 1976.9

AVRDC , Harvestb Harveste
acc. no. Season Yield time efficiency
kg/ha hr/ha/person kg/person/hr
2184 Spring 791 295 2.7
Fall 1,178 400 4.6
1381 ~Spring 603 236 2.6
Fall 665 277 3.5
2007 Spring 751 358 2.1
Fall 823 387 2.8
2013 Spring 867 555 1.6
Fall 1,178 506 2.8
2773 Spring 525 378 1.4
Fall 1,242 728 2.2

2Spring trial planted on March 9 in fifty 15 m rows 75 cm apart. Fall
trial planted on Sept. 17 in fifty 14 m rows 50 cm apart. PHarvest
time is the number of hours required for one person to harvest 1 ha of
mungbean. C“Harvest efficiency is the weight in kg of mungbean harvest-
ed by one person per hour.

One serious constraint to expanding mungbean production is the intensive labor
required during harvests.

14



Screening for Insensitivity to Photoperiod

Approximately 500 new entries to AVRDC's Vigna sp. germplasm were
screened for sensitivity to photoperiod, and 40% had about the same
duration to flowering in both 12- and 16-hr photoperiods. Although mung-
bean is generally considered a short-day crop, 10 cultivars consistantly
flowered earlier under 16-hr in both spring and fall screenings (Table 6).

Table 6. Differences in flowering response of 10 mungbean accessions to
12- and 16-hr photoperiod treatments; AVRDC, 1976.

Difference in number of days from emergence to

AVRDC acc. no. flowering between 12- and 16-hr photoperiods
Spring Fall
--------------- days R e DL T

1381 -2.04 -11.0

2106 -1.6 - 5.0

2524 -5.3 -4.3

2576 -2.3 - 4.2

2670 -3 - 6.5

3019 -1.0 - 9.0

3029 -1.7 - 8.7

3171 -1.3 -10.0

3409 | | -1.0 -12.5

3487 - -3.5 5.0

%Minus value indicates that they flowered earlier under 16-hr than 12-hr
photoperiod. Each value is mean of 4 replications in both spring
(planted on March 6) and fall (planted on Oct. 8).

Hybridization and Selection

During 1976, 376 crosses (192 in spring, 20 in summer, and 163 in
fall) were made to combine resistances to major diseases, such as
Cercospora leaf spot (C. canescens), powdery mildew (Erysiphe polygoni),
and mungbean mottle virus (MMV). Selected Indian lines with high yield
potential and uniform maturity were crossed with various Philippine
cultivars. The Philippine line, 2184, one of the highest yielding lines
in trials during 2 years, was used as a parent in 168 single and multiple
crosses.

15



We made 2,063 F, single plant selections in spring from ¥ <ross

combinations made prior to 1976 and based primarily on number of pods/
plant, erect plant types, and disease reactions {mainly to powdery
mildew). From these Fi pedigree lines planted the followiny sumner,

we selected 1,205 lines and 141 single plants based mainly on resistance
to Corcospora leaf spot, which occurred epidemically during the hat,
wet season. We selected 583 single plants and 93 lines from these f.
pedigree lines during the fall season. The opportunity teo make con-
secutive advances of 3 generations within one year under distinctly
different selection pressures is one unique advantage of AVRDC's sub-
tropical location.

Another set of breeding materials, consisting of 247 cross combi-
nations, was put through the selection processes starting in summer.
After bulk advancing one generation, we selected 1,427 Fa single planis
and 103 lines during fall.

We conducted an advanced yield trial with 22 breeding lines in
spring. Table 7 summarizes yield, daily production rate, and other
agronomic characteristics of the 10 best lines and the 2 check cultivars.
Line 117-4-28 produced twice as much as the check cultivar, 2773.

16
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Table 7. Summary of yield data, daily production rate, plant height, and maturity of the 10 best
mungbean breeding lines in a spring yield trial; AVRDC, 1976.4

AVRDC cross Pedigree Yield Daily production Days to P]ant.ht

(or acc.)no. (or varietal name) rate flower maturity

_ t/ha - kg/ha/day - - days - -cm -
117-4-28 Yellow mungo/TN 1°- 1.63 23 50 41
49-2-28 CES 59/CY-B-8 1.59 21 56 53
56-3-2B CES 87/TN-B-19 1.57 21 55 50
46-3-2B CES 55/Xanh Ninh Thuan 1.56 22 51 52
56-1-28 CES 87/TN-B-19 1.56 21 53 52
44-12-28 CES 55/CY-B-8 1.33 18 53 46
77-10-28 EG-MD-6D/Hong Shan 041 Gram 1.33 18 53 46
161-3-28 CY-B-2/CES 55 1.33 19 52 44
64-12-28B EG-MG-7/CY-B-8 1.31 19 52 45
15-1-1-3B MD 15-2/MG 50-10A 1.27 17 : 55 47
2773 (check) 0.84 o1 : 57 56
2013 (check) 0.75 9 63 60
HSD 5% 0.56 7 8
cV (%) 13 4 5

920 Fs and F¢ breeding lines and 2 check cultivars were planted on March 5. Plot size = 4.8 sq. m;
3 replications.



A Preliminary Inheritance Study on Resistance to Powderv Mildew

Segregating patterns of disease reaction to powderv mildew in F»
generations from 10 different combinations are summarizes in Table 8.
These preliminary results indicate that resistance to powdery mildew
might be controlled by several dif’erent genic systems. In a cross using
M 163 (1104), the most highly resistant line, as a parent, 60-80% of the
F» plants were resistant. This suggests that resistance is controlled
by one dominant gene. However, only 33% of the F, plants were rated as
resistant in crosses derived from parent 1533, rated highly resistant
from several previous screenings. The results fit the 3 to 1 segrega-
tion, indicating that 1533 possesses a recessive resistant gene.
Moderately resistant parents, such as 2773 and 2272, produced very few
resistant F, plants (2-9%), indicating that the genic system in these
cases is controlled by two or more complementary factors. The segregat-
ing pattern of F, plants from a cross between 1399 and 2773, in which
about 50% were rated resistant, required an even more complicated
genetic explanation.

Table 8. Number of resistant and susceptible F, plants to powdery
mi 1dew (Erysgphe polygoni) in 10 different combinations;
AVRDC, 1976.

crgzsogo. Pedigree res?giag: F253122§§1b1e Re;::ﬁizt

% of total
1530 MG 50-10A/M 163 45 9 83
1536 CES 55/M 163 21 14 60
1483 MG 50-10A/M 561 78 157 33
1485 CES 55/M 561 76 155 23
1497 CES 28/ML-3 132 127 51
1538 CES 55/ML-3 35 467 7
1601 ML-3/PHLV 18’ 67 674 9
1731 ML-3/MG 50-10A 16 383 4
1590 MG 50-10A/ML-5 13 436 3
1597 ML-5/PHLV 18 6 306 2

@pata were taken from F, breeding fields planted in fall, 1976. Suscep-
tible parents: MG 50-10A(G), CES 55, CES 28, and PHLV 18; and resistant
parents: M 163, M 561, ML-3, and ML-5.

18



Mutation Breeding for High Protein

Since only narrow genetic variation was found among mungbean acces-
sions for protein content, we started a small scale mutation breeding
program by applying gamma ray and neutron radiation to seeds of 8 elite
mungbean varieties in spring.

Only 499 M, plants out of 3000 seeds sown were able to produce M2
seeds, which were planted in a plant-to-row scheme in fall. Since it
was physically impossible to analyze the protein content of all the
resulting 15,000 M. plants in a short period of time, we adopted a two-
step screening process. First, protein content was analyzed for 499
single plants randomly selected one from each M, row. Secondly, based
on the first analysis, 39 rows (5 lowest and 34 highest in protein
content) were selected. The protein content of all plants within those
selected rows was individually analyzed. Figure 1 shows a positive
relationship between protein content of randomly chosen single plants
and the average protein content of the plants in the selected row (r=
0.69), indicating that this two-step screening method can be efficient-
ly applied in a breeding program requiring massive screening. From the
second screening, we made 489 single plant selections including both
extremes in protein content, for Ma trials next spring. Al1l generations
will be advanced by the plant-to-row scheme.

Protein content of row analysis {(mean % of seed dry wt)

30
28+
261
i ° y=0.38 x*-;l’l.l
e =

sal . r =0.686

<

M /] A 1 1 1 Il 1 1 1

21 23 25 a7 29

Protein content of individual plant samples (% seed dry wt)

Fig. 1. Regression line relating single plant protein content
to row protein content {mean); AVRDC, 1976.
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Physiology

The Physiological Basis for Differences in Yield among Mungbean Cultivars

We continued to analyze the physiological growth characteristics of
mungbhean, in order to understand the factors 1imiting the yield potential
and to identify selection criteria which can be used in the development
of high yielding cultivars.

Our experiments confirmed 1975 findings that the higher yielding
cultivars, such as M 304 (2007) and PHLV 18 (2184), were able to trans-
locate a greater proportion of assimilates to reproductive organs even
?hou?h t?ey had less total dry matter than Tower yielding cultivars
{Table 1).

In 1975, we found that there were no differences in net assimilation
rate (NAR), leaf area index (LAI), and crop growth rate (CGR) among 3
cultivars during vegetative and reproductive growth. In 1976, we mea-
sured these parameters using 5 cultivars. Differences between cultivars
were not evident until flowering was initiated at 42 days after emergence.
Higher yielding cultivars 2007 and 2184 accumulated more dry matter
in early reproductive stages (Fig. 1), but they tended to slow down
rapidly at the later stages and leaf growth nearly ceases (Fig. 2).
Efficient partitioning of dry matter into reproductive parts is an im-
portant factor in determining yield potential.

Plant growth rate (g/m2/day)

30| High yielding cultivars .Y(iclal;i)(g/nﬁ
4=2|84
v = 2007
L Low yielding cultivars o{32)
°x 2013
xz 2273 x(26)
ez 2092
20+ >
a
2({43)
L
o (45)
i 1 I3 1.
0 32 52 62 74

Days after emergence {flowering begins at 42 dae)

Fig. 1. Comparison of plant growth rates between high and
low yielding mungbean cultivars; AVRDC, 1976.
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Table 1. Yield, dry weight, yield components, and haryest indices of 5 mungbean cultivars; AVRDC, 1976.%

AVRDC Cultivar Yield ~ Jotal Days to Harvest
acc. no. name dry wt 1st flower 50% flower indexd
----- g]mz,--f- | mmmmmeeee NG, mmmmeeea %
2007 M 304 248 551 : , 42 46 45
2184 PHLV 18 239 558 7 70 41 45 43
2273 ML-6 208 801 27 37 42 47 26
2013 Tainan 1 207 644 21 42 44 49 32
2092 CPI-30755A 130 753 13 40 45 57 17
LSD 5% 33 89 4 3 1 1 3

%Field grown in spring; spacing was 10 cm x 40 cm. bSeed yield divided by total biological yield (total
dry wt.). e ~



LAI

02013
4 x=2273
422184
| v=2007 .
oz 2092 /o
3"' X/x

High yielding cultivars

0 1 1 1 1
42 52 62 74

Days ofter emergence

Fig. 2. Comparison of leaf area indexes
(LAT) between high and Tow yielding mung-
bean cultivars; AVRDC, 1976.

The higher yielding cultivars had a greater accumulation of soluble
sugar and starch in the stems and roots compared to the lower yielding
entries. There were no significant differences in either the concen-
tration or distribution of nitrogen among the 5 cultivars.

We also confirmed our 1975 finding that specific leaf weight (i.e.,
leaf dry weight per unit of leaf area) at the initiation of flowering is
correlated with yield (r = 0.61**) and, therefore, may serve as one
criterion in screening for high yield potential.

Effect of Water Stress on Net Photosynthesis and Dark Respiration

Mungbean is commonly assumed to be moderately tolerant to water
stress; however, there is very little information available on the
effects of water stress on mungbean photosynthesis.

The photosynthetic activities under water stress conditions were
measured at 3 growth stages on 3 mungbean cultivars with different yield
potentials. Water stress was induced by withholding the supply of water
in the greenhouse experiment where temperatures ranged from 19-320C.
Photosynthetic and dark respiration rates were measured by an infrared
gas analysis system at 30°C when the plants started to show slight wilt-
ing about 10-14 days after the last watering.

22
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Table 2. Effecté of water stress at different stages of growth on leaf water potential, net photosynthesis,
and dark respiration of 3 mungbean cultivars; AVRDC, 1976.

Cultivar/growth stage . Water potential Net photosynthesis Dark respiration
=== =bars --- T T C0z2mg/gm*/hy - TTTITT T
2092 Contro]l Stressed Control Stressed Control Stressed
Two trifoliates 1.4 2.0 15.7 5.0 9.3 6.9
Flower initiation 1.0 2.6 24.0 12.5 6.7 2.8
Pod enlargement 1.4 2.4 24.1 6.4 6.4 2.6
2184
Two trifoliates 1,2 2.2 17.8 2.9 7.5 2.2
Flower initiation 1.0 3.7 28.9 8.9 5.3 5.4
Pod enlargement - 1.7 2.5 16.3 3.4 4.4 1.7
2273
Two trifoliates 1.1 2.6 16.8 13.8 11.3 8.6
Flower initiation | 1.5 3.1 22.3 8.3 4.8 1.5
Pod enlargement 1.4 2.2 13.8 5.2 2.8 1.2




When leaf-water potential was below -2 bars, there was a drastic
reduction in the net photosynthetic rate, indicating an extreme sensiti-
vity to water stress (Table 2). With less sensitive species, such as
soybean and tomato, the net photosynthesis is reported to not diminish

until leaf water potentials reach -11 to -15 bars.

Responses of Mungbeans to Population Densities

Varietal response to 6 different population densities ranging from
100,000 - 600,000 plants/ha was studied using Tainan 1 (2013), ML-6
(2273), and 2007. We confirmed our previous findings that the number of
pods is one of the key components with increasing populations (Fig. 3).

Mature pod no./plant
30

x

o \
20+ ° ‘2273
X
- 2007
2013

L 1 1 1 ] 1

10 20 30 40 50 60
Population density ( I04plants/ho)

o\

Fig. 3. Response of 3 mungbean cultivars to 6 dif-
ferent populations; AVRDC, 1976.
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Effect of Growth Regulators on Yield

We continued to evaluate 5 growth regulators for their effects on
the translocation of photosynthetic assimilates in 3 mungbean cultivars,
2007, 2273, and CPI-30755A (2092), grown in the field.

We found there was a large varietal difference in yield response
to the regulators. The yield of 2007 (Fig. 4) was generally increased
by treatments, except with TIBA, while the yields of other cultivars
were decreased by all treatments except ABA on 2273.

We concluded that regulators increasing 2007 yield tended to produce
more total photosynthetic assimilates, rather than enhance the efficiency
of their distribution to the reproductive organs. The percentage of dry
matter going to seeds was not different from the control.

Yield (g/plant)
400

Ist harvest

E==23 2nd harvest

300+

.......

200

T

100

CONT ABA ALAR BNOA KINETIN TIBA

Fig. 4. The effect of growth requlators on the yield of mung-
bean cultivar 2007; AVRDC, 19762

pBA 5 ppm
ALAR 1000
BNOA 25
Kinetin 100
TIBA 100



Nutritional Chemistry

Sulfur-containing amino acids (methionine and cystine, S-AA) are
often considered limiting in legume protein. During 1976, we conducted
a series of experiments to study the supplemental effects of S-AA on
mungbean protein. A protein efficiency ratio (PER) study (Fig. 1)
shows that the PER value of mungbean protein can be improved from 0.09
to 2.10 by supplementing methionine. A 0.2% methionine supplement
already provides the maximum PEKk value for mungbean. The total S-AA
content of the test diet was 0.24% (0.149% methionine and 0.091%

cystine).. We conclude that an 83% increment will be needed to make S-AA
a non-limiting amino acid for mungbean.

A similar experiment was conducted for biological value (BV). As
shown in Table 1, a 0.1% methionine supplement gives maximum BV. Thus,
a 41% increment will be needed in the S-AA content of mungbean to pro-
vide a better balanced protein.

PER

2.5

eusein

04 06 08

OO 0.2

% of methionine supplemented

Fig. 1. Effects of methionine supplements on the
PER of mungbean protein; AVRDC, 1976.
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Table 1. Protein Quality of Supplemenal Methionine on Mungbean; AVRDC, 1976.

Diet Level of .Apparept. ] Trge. ] Biological Ne? ?rotgin

Met. Supp. Digestibility Digestibility Value Util:i~ation
1 + 0% Met 77 85 70 €9
2 + 0.1% Met 75 85 86 68
3 + 0.2% Met 72 82 78 64
4 + 0.3% Met 73 85 83 71
5 + 0.4% Met 73 84 83 70
6 Casein 90 98 78 76

LSD 7.2 7.9 8 10.9



Ninety-one mungbean lines, 128 black gram lines, and 172 F¢ mung-
bean/blackgram lines were analyzed for their methionine content by mic-
robiological assay. The frequency distribution curve is summarized in
Figure 2. The methionine content of the inter-species cross falls be-
tween the two. Thus, it is possible to improve the methionine content
of mungbean by crossing it with black gram.

% of cultivars
50

Mungbean/Black gram
a0k Mungbean x
v
30 \\ / \< / \Elack gram
X
20 v \\
10 ,/// v.
x
0 1 l’x/ 1 =¥ 1 1 ' \lv\

1.2 1.4 1.6 1.8 20 .2
Total methionine/protein (g/100g)

Fig. 2. Frequency distribution of methionine content in mungbean,
blackgram, an” the mungbean/blackgram interspecies cross; AVRDC,
1976.

In Asia, mungbean is used as a supplemental protein source for the
rice diet (Fig. 3). The combination of 75% protein from rice and 25%
protein from mungbean gives the highest PER value. This combination
improves the PER of rice protein from 1.97 to 2.44, and approaches the
PER value of the casein control (2.55).

Phytic acid (myo-inositol 1,2,3,4,5,6-hexalis (dihydrogen phos-
phate)) is often considered capable of decreasing the physiological
availability of dietary Ca, Fe, Zn, and Mg in humans. Forty-one mung-
bean lines were analyzed for phytic acid by a method based on the deter-
mination of the residual iron in solution after precipitation of ferric
phytate from a known concentration of ferric salt in acid solution. We
observed a range of 5.06-10.7 mg phytic acid/g defatted seed meal. The
ghytic agid content is not associated with the Ca or Fe content of mung-

ean seed.

As in other legumes, phytic acid in mungbean is not easily destroy-
ed by gooking, 58-85% of it remained stable after autoclaving for 30 min
at 1209C.
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Fig. 3. Supplemental effects of mungbean protein on rice protein;
AVRDC, 1976.

It is possible to improve
the mungbean's methionine
content by crossing 1t with
black gram.
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Nitrogen Fixation Studies

Using acetylene reduction techniques, we studied diurnal variation,
weekly activity, and varietal differences in the nitrogen fixation ability
of mungbean varieties during spring and fall. A1l assays were carried out
on nodulated roots from field-grown mungbean. For diurnal variation stud-
ies, we harvested plants at intervals of 3 hours during an entire 24-
hour period. For the cther experiments, the plants were harvested at 1
pm (local time) and incubated in a closed bottle containing 10% acetylene
in air. The ethylene produced was measured by gas liquid chromatography
with a flame ionization detector.

Figure 1 summarizes the variation in the acetylene reduction acti-
vity of mungbean variety Tainan 1 (2013) when the plants were 6 and 8
weeks old during spring. We found the diurnal fluctuations at 6 weeks less
than at 8. In both cases, however, the activity was greater at night.
These results are contrary to the findings of soybean researchers, and
to the general belief that the activity is greater in the afternoon imme-
diately following the most active period of photosynthesis.
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3
0. - ) )
@ -
& 60 - , 1
:(;: I o—d 8 WEEKS OLD
‘f’ o | +
kY 4.0+ 1
N
© ! /6 WEEKS OLD
w
O

2.0 g"——_% /%
3 1
o =
=

L A1 1 1 1 1 1 2 1 1

XN o '9 12 15 18 21 24 3 6 9
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Fig. 1. Diurnal variation in acetylene reduction activity in € and 8 week old
mungbean plants; AVRDC, spring, 1976.



For both spring and fall, the acetylene reduction activity was bare-
ly detectible during the first 3 weeks of growth. However, during the
spring planting, the activity increased steadily after 3 weeks, peaked
at 9 weeks, declined during subsequent weeks, and was barely detectible
after 12 weeks (Fig. 2). In fall, however, activity rapidly reached a
peak by the fifth week, and steadily decreased thereafter (Fig. 3).

The peak activity appears to coincide with flowering as is the case with
soybean. Accession 2013 used in these experiments began flowering during
the 7th week in spring but the 5th week in fall.
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Fig. 2. Variation in acetylene reduction (N,-fixation) activity
in mungbean during an entire growth season; AVRDC, spring, 1976.
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Fig. 3. Variation in acetylene reduction (N,-fixation) activity
in mungbean during an entire growth season; AVRDC, fall, 1976.
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Fig. 4. Cumulative acetylene reduction activity and total nitrogen content in mung-
bean every week. Insert: Correlation between acetylene reduction and total nitrogen;
AVRDC, spring, 1976.

In a spring experiment, the cumulative acetylene reduction activity
was calculated by adding the per hour activity of successive weeks. The
total nitrogen, determined by the Kjeldahl method was highly correlated
with the accumulative values of acetylene reduction activity. (Fig. 4).
The agreement between acetylene reduction activity and nitrogen accumu-
lation attests to the accuracy of this technique.

Twenty mungbean varieties with widely differing genetic backgrounds
were screened for their acetylene reduction activities once in spring at
7 weeks after planting, and 3 times in fall at 5, 7, and 9 weeks. We
found that considerable differences existed among these varieties. CES
ID-21 (3476), from the Philippines, had the greatest activity during both
spring and fall (Table 1 and Fig. 5). With the other varieties, however,
the results lack consistency. Early maturing varieties, such as 1250,
1381, 2184, 2283, 2044, 2043, and 2183, as expected, showed no activity
at 9 weeks after planting during the fall. The activity was greatest
at 5 weeks for all varieties in the fall. A1l these varieties differed
in their growth habits and size of canopy. At the time of assay some
had luxurient growth whereas others were less vigorous. The results,
therefore, expressed on a per gram dry weight basis, were generally iden-
tical. Expressing the results as a per unit of plant weight is impor-
tant agronomically since it indicates the total nitrogen fixation capac-
jty of a particular variety.
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Table 1. Acetylene reduction activity of different mungbean cultivars;
AVRDC, 1976.4

Cultivar Origin p]ant"horgI$S c;ﬂ;m-;;;sﬁzséﬁéng‘ hour~*
2272 India 210 + 70 20+ O
1476 Indonesia 250 + 310 20 + 20
1250 India 260 + 120 20 + 10
1968 USA 420 + 600 30 + 40
1397 Philippines 430 + 14 20+ 0
2984 Korea 440 + 460 30 + 30
2183 Philippines 570 + 480 40 + 30
2808 Taiwan 640 + 570 40 + 30
3372 India 710 + 980 40 + 40
2043 India 730 + 460 90 + 60
2949 Korea 770 + 850 50 + 70
2007 Korea 900 + 780 70 + 50
3375 India 920 +1750 50 + 90
3404 Thailand 1112 + 550 60 + 40
2044 India 1112 + 141 130 + 190
2273 India 1250 + 430 120 + 30
2283 India 1370 + 880 240 + 170
2013 Taiwan 1510 +1260 100 + 90
1381 Philippines 2520 +1890 180 + 130
3476 Philippines 3660 +3190 450 + 410

%A11 data are means of 4 replications; standard deviation shown after
mean,
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Pathology

Screening for Varietal Resistance to Mungbean Djseases

In mungbean varietal screenings, 6,592 accessions and 60 pedigrees
were evaluated in the field under artificially reinforced disease
epiphytotics. Out of 1,420 new accessions screened in the summer, 17
mungbean and 2 adzuki bean were rated as resistant, and 2 blackgram as
highly resistant to Cercospora leaf spot. They are: mungbean acces-
sions 3488, 4028, 4062, 4538, 4511, 4514, 4535, 4679, 4701, 4706, 4709,
4713, 4717, 4718, 4721, and 4724; adzuki bean accessions 3442 and 3501;
and blackgram accessions 4387 and 3529. One pedigree tine, 1137-14-B-10-
0, was selected in the fall screening as resistant to powdery mildew
and moderately resistant to Cercospora leaf spot,

We conducted 5 separate preliminary field screenings for powdery
mildew (Erisiphe polygoni) resistance. Out of 4,455 new accessions
screened, 219 mungbean were rated as highly resistant and another 291
as resistant. In addition, 24 blackgram and 13 ricebean were also
resistant, In the advanced screenings of 277 selected mungbean acces-
sions, 79 showed persistent resistance to powdery mildew under severe
field epiphytotics in the fall. Of these, 12 accessions were highly
resistant: 1104, 1548, 1593, 1741, 2159, 2386, 2407, 2416, 2417, 2675,
2676, and 3182.

In the screening of 322 mungbean accessions in the AVRDC root
diseases nursery, only 1 mungbean, 1877, and 1 blackgram, 3115, were
found resistant to the damping-off disease caused by Rhizoctonia solani.

We selected 23 mungbean mosaic virus resistant accessions from
screenings of 118 mungbeans, field grown and artificially inoculated
with the virus.

Studies on Fungicide Controls of Cercogpora Leaf Spot and Powdery Mildew

Based on the disease indices and the mungbean yield of the fungicide
trial results shown in Table 1, Daconil 75 WP with 4 applications at 3.5
kg/ha is the most effective fungicide for mungbean. It controls both
powdery mildew and Cercospora leaf spot; however, it did not control
powdery mildew as effectively as milcurb-super.
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‘Table 1. Fungicide controls of powdery mildew and Cercospora leaf spot
of mungbean; AVRDC, 1976.%

. . b
Treatment Disease index . 2
Fungicide Dosage P.M. C.L.S. Yield/10 m
_____ % ————- —-— kg _——
Daconil 75WP 3.50 kg/ha 11.9 8.1 1,82%*
Bavistin Combi 65 1.25 kg/ha 61.7 31.4 1.75%*
Karathane 25WP 1.00 kg/ha i 61.4 1.62%*
Saprol 1.50 £/ha 2.3 53.4 1.61%
Benlate 50WP 0.60 kg/ha 19.8 66.4 1,34
Milcurb-Super 0.75 £/ha 1.6 70.3 1.52
CHECK 76.4 78.5 1.32
5% 4.1 3.8 0.22
L.S.D.
1% 5.6 5.2 0.30

Iplanted: 9/16/76; fungicide sprayed: 10/6, 10/20, 11/3, and 11/17/76

(2 wk interval): inoculated: 10/22, 10/28, and 11/2/76; disease surveyed:
11/11-11/14/76; harvested: 11/17 and 11/26/76; design: rgndomized com-
plete block design with 4 replications; variety: 2184. °“P.M. = powdery
mildew; C.L.S. = Cercospora leaf spot.
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Common Diseases &
Pests of Mungbean

(Vigna radiata)

leaf spot by Cercospora canescens:
foliar symptoms

leaf spot by Cercospora canescens;
symptoms on pods

N ..
leaf blight by
Thanatophorus cucumeris

rust by Uromyces appendiculatus
(U. radiata)

powdery mildew by Erysiphe polygoni



.

an

thracnose by

Collectotrichum lindemuthianum

scab by FElsinoe iwatae;
symptoms on stems

scab by Elsinoe iwatae;
symptoms on pods and stems

mungbean yellow mottle virus (MYMYV)



u B

stem rot by Pithiume aphanidermatom

root-knot discase by
Melodigoyne incoguita.
healthy root and nfected root

wilt by Sclerotium rolfsii;
symptoms on stem and roots



Maruca testulalis (adult)

Maruca testulalis (larva)

Callosobruchus chinensis



Entomology

screening for Varietal Resistance Against Beanfly and Cowpea Aphids

ke developed a systematic mass-screening technique for varietal
resistance screening against beanflies (Cprhiomyia phasecl, Melanagromyza
sojae, and M. centrocematis) during 1976. High beanfly populaticns were
maintained by sequentially planting known susceptible varieties of soy-
bean, mungbean, and snapbean as source rows at 2-week intervals. A
series of screening tests were regularly conducted by planting 100-140
mungbean accessions once biweekly in a single replication (Fig. 1). A
ten-plant dissection count was made for each variety 30 days after
planting. The number of beanfly larvae and pupae per plant and percent
of plants with damaged stems were recorded. The standard deviation
evaluation technique described in the AVRDC Mungbean Report for 1975 was
applied to the data counts. We screened 901 mungbean accessions in 8
plantings during 1976 (Table 1).

The accessions classified as resistant will undergo further screen-
ing with 3 replications in the field as well as under heavier beanfly

populations in the greenhouse.

We also evaluated mungbean varieties for resistance to cowpea
aphids (Aphis eraccivora) twice during the 1976 spring crop season. In
the first greenhouse screening, 100 mungbean varieties were planted in
pots and aphids were released at 14, 18, and 21 days after planting.

Table 1. Distribution of mungbean accessions screened during 1976 for
resistance against beanflies; AVRDC, 1976.

Category No. of accessions
I. Resistant 16
I1. Moderately resistant 107
I11. Susceptible 313
IV. Highly susceptible 465
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Fig. 1. Field design for systemic mass screening of legume accessions for
beanfly resistance.

Field-grown mungbeans showing aphids and aphid damage.
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Aphid infestation levels were evaluated on each variety 2 weeks after

the initial release. Varieties which had the lowest number of aphids

in the first screening were selected and screened again for confirmation
of resistance. In the second screening with 3 replications, 18 cultivars
identified in the first screening as either highly resistant or resistant
were compared to a variety previously classified as highly susceptible.
The results of the first and second screenings were consistent. Four-
teen accessions were selected as free from cowpea aphid attack: 1250,
1377, 1381, 1387, 1394, 1397, 1476, 1854, 1944, 1945, 1946, 1947, 2179,
and 2837.

Relative Resistance of Legumes to Cowpea Aphids

We also evaluated 8 different cultivated legumes for differences in
cowpea aphid infestation level. Asparagus bean %Vigna sesquipedalis),
cowpea (V. wunguiculata) mungbean (V. radiata), adzuki bean (V. angularis),
soybean (Glycine max), snapbean (Phaseolus vulgarie), lima bean (Phaseolus
lunatus) and pea (Piswm sativum) were planted in clay pots and maintain-
ed in a screenhouse. Ten apterous cowpea aphids were placed on each

plant and the proliferation of aphid population was recorded 10 and 14
days after infestation. Table 2 summarizes our results.

Table 2. Relative resistance of 9 legumes to cowpea aphids; AVRDC, 1977.%

Average number of aphids/plant

Legume Variety days after infestation

10 14
Cowpea IvU 201 9.2 e 14.1 d
Asparagus bean Local cultivar 8.3 e 14.4 d
Adzuki bean Chien Shien 6.9 de 7.1 ¢
Snapbean Acc. 341 5.3 cd 7.3 c
Mungbean TN 2 4.9 cd 4.8 b
Lima bean Local cultivar 3.2 bc 5.4 bc
Soybean TK 5 1.4 ab 1.5 a
Pea Taichung No. 9 0 a 0.7 a

210 replications of one potted plant/replication. Means followed by the
same letter are not significantly different at the 5% level.

Asparagus bean and cowpea are more susceptible to this insect than
the other legumes tested. Soybean and pea were the least susceptible
and the lima bean, adzuki bean, snapbean, and mungbean were intermediate
in their susceptibility.
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Local Infestation Prediction Through the Monitoring of Population Dyna-
mics

During 1976, a pest population dynamics study monitored beanflies,
and their parasites. Beanfly larval and pupal populations increased in
February and declined in May. Numbers remained comparatively low until
. an abrupt population increase in November, the maximum observed for the

year (Fig. 2). The percent of plants with damage reached 100% in
February and March, then fluctuated between 20-80% until November when
100% was again reached. We observed a nositive correlation similar
to the 1975 survey (AVRDC Mungbean Report for 1975) between the beanfly
population and the percentage of plants with damage. The percentage of
parasitized beanfly pupae fluctuated considerably during the year but
surpassed 60% during July and declined to nearly 0% in December and
January. As expected, a negative correlation existed between the popu-
lations of beanfly and the parasite and, thus, the parasite appears to
suppress the beanfly population to a certain extent.

Chemical Control Agents

In late 1975 and 1976, we conducted 3 insecticide evaluation
experiments to control beanflies at AVRDC. Each experiment, involving
9 insecticides and a control (10 m? plot size), was replicated 4 times
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Fig. 2. Variation in beanfly population and mungbean plant infestation 4
weeks after planting; AVRDC, 1976.
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in a randomized complete block experimental design. Granular insecti-
cides were top-dressed by hand and emulsifiable and wettable powder
formulations were applied with air pressure sprayers. Evaluation was
based on the dissection and count of the actual number of larvae and
pupae and the percent of damaged plants in 30 plant samples. Fig. 3
summarizes the results,  Gwamyl 23 L {0.25 kg, a.i./ha) was the most
effective for the control oY beanflies in a winter test. In an early
soring test. phorate 10 G {i kq, a.i./ha) foliar sprays provided the
most effective control. In a Tater spring trial, phorate and disulfoton
506 {2 kg, a.i./hay granular treatments provided the best control.

<

The southern cowned weevil (077 o foacenne o e ') s an impor-
tant pest of mwungbean in storage. In an experiment evaluating
phostearin a]um1uuw pnosphide) Lo control this pest, we found that all
cowpea weevii life stages were killed by a dosage of 1.6 ¢g/1000 ¢. In
addition to the rhostoxin treatment, peanut 01l mixed with mungbean
seeds at the rate of 2.0 mo/kg of seeds nrovides protection from cow-
pea weevils for up to 4 mornths and the treatment has no adverse effects

on seed viability,
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Aldicarb 106G
Carbofuran 36
Carbofuran 40,64 F
DDT 25EC

Diezinon 60 EC
Dieldrin 50 EC
Dimethoate S0EC
Disulfoton 56

EPN 45EC
Leptophos 34EC
Mephosfolan 2G
Methomy! SOWP
Oxyamyl 24L
Oxydemeton-methyl| 25EC
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Surecide 25EC
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Fig. 3. Control of beanflies in mungbean; AVRDC, 1976.
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Crop Management

Herbicide Evaluation for Weed Control

We conducted two herbicide screenings during the spring and summer
seasons to test both the application of single compounds and combinations
of two herbicides (Tables 1 and 2). A third experiment was conducted
during the summer to evaluate whether cultivar differences exist with
respect to herbicide selectivity. A1l experiments were planted in rows
spaced 40 cm apart with 7.5 cm interplant spacings within the rows on
10 m® flat beds. In the spring, the soil was furrow-irrigated before
bed preparation and planting, whereas the summer monsoon season required
only drainage.

In the spring trial, we observed a reduction in mungbean stand and
final yield when alachlor or butachlor were applied pre-emergence,
although the results were not statistically significant (Table 1). The
stand reduction was sionificant, however, when other pre-emergence
herbicides were applied with either alachlor or butachlor (Table 2).
Consequently, butachlor appears less selective than we reported previous-
1y (AVRDC Mungbean Report for 1975) when applied under cool conditions.
Alachlor was less selective in the spring trial than chloramben, diphe-
namid, napropamide, and butralin.

In the summer trials, alachlor, butachlor, and chloramben sometimes
caused significant reductions in seedling fresh weights, but yields were
similar to the hand-weeded controls (Table 1). Herbicide combinations
involving alachlor and butachlor with other pre-emergence herbicides
were selective for mungbean at high temperatures during the summer
(Table 2).

There were few differences in suscaptibility to herbicides in the
seedling stage between 4 cultivars. Accession 2184 tended to be less
affected by pre-emergence herbicides.

Control of annual Cyperus and grass species was considered excellent
for all pre-emergence herbicides during both seasons, except chloramben
(Tables 1 and 2). Annual broadleaf control was superior at all rates for
alachlor but only at the higher rates for butachlor during the summer.

We previously reported that the soil persistence of alachlor and
butachlor was less than 2 months,chloramben and diphenamid was 2-4
months, and napropamide was longer than 4 months. Butralin persisted
approximately 2-4 months in a Chinese cabbage screening trial. To
avoid the herbicide persistence in multiple cropped plots, we still
recommend that napropanide not be used when other herbicides are availa-
ble for controlling weeds in mungbeans.
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Table 1. Performance of 6 pre-emergence herbicides for weed control in mungbean during the spring and summer
seasons; AVRDC. 1976.2

. b
. s Seedling fresh Weed count
Herbicide and (rate) §§Q%§L1%5%9 wt grass broadleaf Cyperus (Sum)
P Summer {35 DAP) Spr Sum Spr Sum Rotundus Species
----- kg a.i./ha ---- -- t/ha -- ~ g/10 plants - ------—--——-- % of weedy check ---——-—<————C
Weedy check 0.32 0.17 49 100 100 100 100 100 100
Hand -weeded check 1.29 1.43 88 0 0 0 0 0 0
Chloramben (1.0) 1.30 1.39 71 63 42 40 29 54 51
(2.0) 1.11 1.41 76 14 24 26 22 50 17
(3.0) 1.39 1.38 53 6 8 21 9 46 9
Alachior (1.0) 0.99 1.65 76 2 7 56 8 8 0
(2.0) 0.70 1.58 73 1 2 40 4 4 0
(3.0) 1.03 1.59 61 2 3 32 3 12 0
Butachlor (0.5) 1.04 1.87 86 14 15 52 13 92 1
(1.0) 0.96 1.43 93 8 7 43 4 81 0
(2.0) 0.96 1.59 69 2 5 37 1 50 0
Diphenamid (4.0) 1.21 1.57 78 3 16 94 47 15 3
(6.0) 1.24 1.58 62 2 6 49 19 58 0
Napropamide(0.75 and 1.0)¢ 1.39 1.49 80 8 4 56 105 80 0
Butrailin (1.0) 1.37 1.54 74 4 17 35 82 42 15
2.0) 1.39 1.43 80 4 9 11 72 319 17
LSD 5% 0.42 0.58 15 24 18 29 19 NS 16

%pata for other herbicides{penoxalin, NTN-6867, K-1441, and U-44078) may be obtained on request. Acc. 2984
was sown on Mar 17 and Jun 24 for the spring and summer trials, respectively; all plots were hand-weeded

to reduce weed competition during the experimental period. byeeds were counted on Apr 20 and Jul 19 for the
spring and summer trials, respectively. Weed count data were transformed using ~/X + 0.5 before computing
the analysis of variance. Major grass and broadleaf weeds included Elesuing indica, Echinochloa colonum,
Solanum nigrun, and Physalie angulata during both seasons, whereas Chenopodiwn a’bum was a major weed only
during the spring period and Ageratum conyzoides and Polygonum sp. were of major importance during the summer
season. CHerbicide rate applied during spring and summer seasons, respectively.
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Table 2. Performance of 6 pre-emergence herbicidg combinations for weed control in mungbean during the
spring and summer seasons; AVRDC, 1976.

b
. . Stand count Weed count
Herbicide combination and (rate) Eg%%ﬂ_xéﬁ%g Spr Sum grass _ broadleaf Cyperus (Sum)
(25 DAP) Spr Sum Spr Sum  Tvotundus species
------- kg a.i./ha ===-meemn-x - t/ha - - to weeded ck- —------= T oF weedy check ---—----
Weedy check 0.12 0.12 54 104 100 100 100 100 100 100
Hand-weeded check 1.27 1.51 100 100 0 o0 0 0 0 0
Alachlor + chloramben (1.0 + 1.0) 0.90 1.61 59 102 0 6 22 14 65 3
(1.5 + 1.0) 0.75 1.50 40 103 4 5 9 11 35 0
Alachlor + diphenamid (1.0 + 4.0) 0.87 1.51 48 103 0 4 29 16 19 2
(1.5 + 4.0) 0.64 1.57 36 105 0 2 24 15 24 0
Alachlor + napropamide (1.0 + 0.75) 0.74 1.46 33 102 0 2 74 30 35 0
(1.5 + 0.75) 0.78 1.54 34 101 0 2 41 10 19 0
Alachlor + butralin (1.0 + 1.0) 1.29 - 84 - 2 - 22 - - -
(1.5 + 1.0) 1.07 - 75 - 1 - 27 - - -
Butachlor + chloramben (1.0 + 1.5) 0.86 1.49 58 95 2 1 12 8 32 1
+ napropamide (1.0 + 0.75) 0.62 1.46 30 99 3 2 56 3 8 0
Chloramben + butrali. (1.0 + 1.0) - 1.48 - 104 - 8 - 48 113 38
(1.5 + 1.0) - 1.46 - 104 - 8 - 29 68 34
LSD 5% 0.60 0.25 33 7 23 11 25 20 68 20

%pata for other combinations involving penoxalin and NTN-6867 may be obtained on request. Acc. 2984 was sown

on Mar 18 and Jan 25 for the spring and summer trials, respectively. P“Major weeds and methodology are listed
in Table 1.



Weed Competition and Weed-Free Periods for Mungbean

To estimate the critical period for crop losses due to weed compe-
tition, 1381 was planted in the spring on flat beds in rows 40 cm apart
and plant spacing of 7.5 cm within rows. Four plots were maintained
weed-free for 20, 30, 40, and 50 days after germination, after which
the weeds were allowed_to grow. In 4 other plots, weeds were allowed to
grow during the initial stages of crop growth, but were removed after 20,
30, 40, or 50 day periods. Both weedy and weed-free checks were included.
Weeds were weighed in each treatment at the time of their removal.

__ Weed growth competition during the entire crop growth period reduced
yields 70% (Fig. 1). However, one or two hand-weedings within the first
32 dzys after germination produced yields comparable to the weed-free
check.
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Fig. 1. Mungbean yield as influenced by initial periods
of weed-free maintenance, followed by subsequent periods
of the reverse treatment along with weed fresh weights
(a), spring season. Different symbols (xando) on
the same curve are significantly different according to
the LSD at the 5% level; AVRDC, 1976.



Mungbean After Paddy Rice

Broadcasting mungbean on paddy fields after the rice is harvested
is currently the most popular planting method in Southeast Asia. Yields
ranging from 500-800 kg/ha attained by this method are considered jow.
We conducted two experiments to assess the yield response to different
cultural practices. Relatively low levels of manzjement were applied
to reflect practices normally followed by farmers who plant mungbean
after rice. No fertilizer was applied, only hand-weeding was used, and
pest control was kept to a minimum in both experiments, Planted on
September 15, shortly after the rice harvest, the first experiment used
seed rates of 40 or 80 kg/ha. Sowing was by broadcasting, drilling in
rows near the rice stubble, and dibbling at the base of the rice stubble.
In the second experiment, mungbean was broadcast, drilled, or dibbled
into rotovated soil which was mulched with rice straw or with ashes from
rice straw,

Table 3 shows the results. The tilled treatments were superior to
the untilled. Germination, growth, and yield were more uniform. Thus,
mungbean showed a positive response to higher management.

Table 3. The grain yield and final stand count of mungbean planted under
different seed rates and planting methods on non-tilled fields
after rice; AVRDC, fall, 1976.%

Grain yield Stand Céggt
Planting method seed rate (kg/ha) seed rate (kg/ha
80 40 mean 780 40 mean
-------- kg/ha======== ==-==-=-=-plant/m?------
Broadcasting 930 766 848 38.4 19 28.7
Drilling 818 638 728 29.5 17.2 23.4
Dibbling 1184 1152 1168 62.1 42 52.1
Mean 977 852 43.3 26.1
Statistical significance (LSD 5%):
Between seed rates NS 17
Between planting methods 253 18.9
Between planting methods at same
seed rate 358 26.8

Acultivar 2184 planted Sept 15, 2 wks after rice harvest, and harvested
Nov 30 and Dec 10. Subplots were 12.5 m? with 50 cm between rows for
drilling treatment and 25 x 25 cm spacing between stubble for dibbling
treatment.
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Yield from the dibbled seed was significantly higher than from that
broadcast at 40 kg/ha seed rate. At 80 kg/ha seed rate, the yield from
broadcast seed plots was not significantly lower than that from the dib-
hled plots.
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Yield from dibbled seed {above)
was significantly higher than
from broadcast  seed (below).

The addition of rice straw mulch or burned rice straw increased
yield (Table 4). However, between the two mulching systems, only rice
straw significantly increased plant stand when the seed was broadcast.
Burned rice straw produced the highest yield in the dibbled treatments.
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Table 4. Grain yield and final stand count of mungbear under different planting methnds and mulching systems;
AVRDC, fall, 1976.9

b Grain yield Stand count
Mulching system planting method mean planting method mean
broadcasting dibbling tillage broadcasting dibbling tillage

——————————— t/ha=—=-—===—~ -~ ———=—--plant/m® = = = = —==~
No mulching check 0.93 1.06 1.79 1.26 27.4 37.9 42.0 35.8
Rice straw mulching 1.47 1.38 1.57 1.47 42.6 36.7 41.0 40.1
Burned rice straw 1.15 1.58 1.76 1.50 25.5 41.6 38.0 35.0 -
""" Mean 118 1.3a L7 318 37 a3
Statistical significance (LSD 5%):

Between planting methods . 0.29 o 4.4

Between mulching systems 0.17 3.9

Between mulching systems of same planting method 0.29 6.7

YCultivar 2184 sown on Sept 30, stand count on Nov 22, and yield calculated from 4 harvests starting on Nov
18. Seed rate for broadcasting treatment was 35 kg/ha on subplots of 20 m?. Spacing was 22.5 x 22.5 cm for
dibbled and 40 x 6 cm for tilled treatments. 23000 kg/ha of rice straw was used on each mulched and burned
mulch treatment.



Soil Science

We studied mungbean varietal response to 4 rates of nitrogen ferti-
lizer application (0, 60, 100, and 140 kg ammonium sulfate/ha). The 9
varieties included in the experiment responded to additionai applications
of nitrogen fertilizer with only small increases in yield (Table 1;.

Table 1. Effect of nitrogen fertilizer on the yields of 9 mungbean
varieties; AVRDC, 1977.¢

Nitrogen applied

AVRDC acc. no. Varietal mean 060 Kg/ha 100 Kg/ha 140 kg/ha
------------ t/ha =~mm=mmeecmcaea
2797 2.1 1.8 1.9 2.2 2.4
2013 2.1 1.8 2.1 2.1 2.2
1963 1.8 1.8 1.8 1.9 1.9
1414 1.7 1.4 1.7 1.8 1.9
1956 1.5 1.3 1.4 1.7 1.8
1955 1.5 1.3 1.3 1.6 1.7
2819 1.6 1.3 1.6 1.7 1.8
2007 1.3 1.1 1.2 1.3 1.6
1381 1.3 1.3 1.2 1.3 1.4
Mean of treatment 1.7 1.5 1.6 1.7 1.8

9planted Feb 24, 1976 with 4 replications. Basal application of 80 kg/ha
P,0s and 150 kg/ha K20 were applied. Half the nitrogen was applied as
top dressing 7 days after emergence and the other half as side-dressing
at 32 DAE.

54



Agricultural Economics

We conducted a follow-up survey of the 143 farmers interviewed dur-
ing 1975.

Production situation

The area planted to mungbean and mungbean production increased from
1972 to 1974, and then decreased (Table 1?. Factors contributing to the
sharp decline in 1976 include labor shortage and high wages (harvest
time); heavy rain damage to the 1975 crop; changes in the crop rotation
system; and, a weak competitive position in previous years (low yield
plus low price).

Follow-up survey

Of the original 143 mungbean farmers interviewed during 1975, 139
were re-located and interviewed during 1976. Of these, only 59 produced
mungbeans in 1976. The distribution of the 1976 mungbean producers and
non-producers as well as their 1977 crop production plans showed that
only in Chiayi did producers' cropping systems and production decisions
result in a large percentage of farmers planting mungbeans for 3 consecu-
tive years. These data and interviews at farmers' associations indicate
that the same farmers do not plant mungbean year after year because of
their crop rotation systems.

The Agricultural Economics
survey team.
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Table 1. Mungbean planted area and production for the 3 major producing counties in Taiwan; AVRDC, 1972-76.%
Year Tainan ] Chiayi _ Yunlin ] Taiwan total i
area production area production area production area production
-ha-~ -- mt -- -ha- -~ mt -- -ha- ---mt --- -ha- ---mt ---
1972 2,068b 561 669 327 319 153 3,453 1,321
1973 2,571 1,477 931 651 554 457 4,333 2,812
1974 3,075 2,033 682 545 576 366 4,705 3,160
1975 2,907 1,871 625 468 369 200 4,301 2,845
1976° 1,744 1,070 844 552 344 253
“Taiwan Agricultural Yearbook, 1973-1976, Provincial Dept. of Agriculture and Forestry, ROC. bOf this

planted area only 1,745 ha were harvested, thus the Tainan average yield was 322 kg/ha.
data indicated a difference between planted and harvested area.

data for 1976.

Only Tainan County
“Tainan, Chiayi, and Yunlin County Offices
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Table 2. Comparison of mungbean production factors for 1975 and 1976 according to location and cropping
method; AVRDC, 1976.4

Tainan Chiayi Yunlin
Production factors 1975 1976 1975 1976 1975 1976
mono. inter. mono. inter. mono. inter. mono. inter. mono. inter. mono. inter.

(N=94) (N=6) (N=22) (N=14) (N=23) (N=2) (N=9) "(N=77  (N=12) (N=5) (N=5) (N=2)

Distribution of

mungbean pro- 94 6 61 39 92 8 56 44 71 29 71 29
ducers (%)

Field size (ha) 0.3 0.4 0.2 0.3 0.5 0.4 0.5 0.4 0.4 0.6 0.2 0.3
% of farm size 18 45 12 17 30 23 20 18 22 31 16 17
Price received 0.50 0.53 0.77 0.73 0.45 0.56 0.69 0.72 0.50 0.99 0.79 0.88
(US$/kg)

Yield (kg/ha) 692 490 478 261 706 325 759 523 856 460 784 550

2In 1975, we surveyed 160 mungbean producers and used the data from 143 of those farmers, e.g., Tainan
County 100, Chiayi County 26, and Yunlin County 17. During a follow-up survey of those same 143 farmers,
only 59 produced mungbean in 1976, e.g., Tainan County 36, Chiayi County 16, and Yunlin County 7. Of

the 13 farmers intercropping mungbean with other crops in 1975, only 1 continued to intercrop in 1976, thus
22 farmers changed from their monoculture method in 1975 to intercropping in 1976.



The cropping methods for mungbean under monoculture and intercrop-
ping are quite distinct; therefore, production factors were analyzed
separately (Table 2). In 1976, 39% of the fields were intercropped
compared to 9% the previous year. This change is primarily attributed
to rotation systems and the increase in ratoon sugarcane production.

The largest shift to intercropping occured in Chiayi and Tainan. The
average percentage of each farm planted to mungbean decreased considera-
bly between 1975 and 1976 for both cropping methods. Monoculture in
1975 averaged 18% while the intercrop average was 45%. In 1976, the
percentages changed to 12 and 17%, respectively. We concluded that the
major cause for this decrease was a combination of fewer producers and
smaller fields per producer. The overall average price levels increased
sharply from US$0.45-0.55/kg in 1975 to US$0.69-0.87/kg a year later.

. The most serious production problem in 1975 was the early rain
damage (mentioned by 88% of the farmers). However, the rain was not as
early in 1976 and major problems included rain during the harvest period,
high labor requirements, and insect damage.

Farmers planted mungbean during 1976 for various reasons. Those
using monoculture emphasized improvements to soil fertility, increased
income, consumption at home, and land rotation in that order. Those
intercropping (39%) stressed increased income, land utilization, and
the rotation system in that order. Intercropping with sugarcane occured
in two ways: between the rows of a new crop of sugarcane that had been
planted sometime between September and November, and between the rows
of ratoon sugarcane that was harvested sometime between December and
February (Table 3). The average yield of mungbean intercropped with

Table 3. Number of sample mungbean producers who intercropped with
various crops in Tainan, Chiayi, and Yunlin counties; AVRDC,

1976.

Crop 1975 1976
Ratoon sugarcane -6 6
New sugarcane L2 6
Corn 0 6
Seed melon 3 2
Others? 2 3
Total 13 23
% of sample farmers 9 39

%thers include mint, sesbania, green onion, tomato, and garlic.
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corn was significantly higher than when intercropped with any other crop.

Eighty farmers did not plant mungbean during 1976 because of their
rotation systems. Harvest labor, rainy season damage, and a late harvest
of sugarcane were secondary reasons. The primary crops used to replace
mungbean were: sugarcane, spring rice, and seed melon (Table 4).

Table 4. Current (1976) alternatives for mungbean production used
by 80 previous (1975} mungbean producers in Tainan, Yunlin,
and Chiayi counties; AVRDC, 1976.

Alternatives to mungbean Total
Sugarcane 32
1st rice 14
Seed melon 13
Fallow 4
Sweet potato 3
Peanut 3
Others® 11
Total 80

%0thers include tomato, soybean, Chinese cabbage, sugarcane x tomato,
carrot, eggplant, sesame, and watermelon.

The answers given by the 139 farmers to the question: "If you could
forecast an earlier rainy season or the coming of a typhoon at the end
of May, would you still grow mungbean?" closely reflected their original
plan to grow mungbean: 44% of Yunlin farmers were uncertain, whereas 77%
and 63% of Chiayi and Tainan farmers, respectively, would still plant.
0f course, they emphasized early planting.

To obtain a 3-year perspective on the motivation for planting mung-
bean and to focus on major 1imiting factors, we asked the 139 farmers
whether they would plant mungbean in 1977 and why. Forty-seven farmers
said that they would plant mungbean in 1977 and listed their rotation
systems and the suitability of the season as primary reasons. Home con-
sumption, added income, and high price were important secondary reasons.
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Of the 59 farmers who were uncertain about their plans, 61% were
waiting to determine their sugarcane harvesting date, and 24% were plan-
ning to assess their crop rotation system at mungbean planting time,
Concern for the rotation system was the main reason why 33 farmers decided
not to plant mungbean. Limited profit and the lack of labor were second-
ary reasons.

Conclusions and Implications

The overall crop rotation system including mungbean either inter-
cropped with sugarcane harvested from February-March, or followed by
summer rice planted in late May or early June, is a major factor farmers
consider in deciding whether or not to plant mungbean in Chiayi, Tainan,
and Yunlin counties. The short time period before rice permits only a few
other crops that earn income, are produced at low cost, and provide green
manure if early rain prevents harvest. Since the magnitude of the pro-
duction costs is largely dependent on the amount of harvest labor, no
harvest due to rain damage also means small losses, if any. However,
labor costs are rising in Taiwan, the planting of the second rice crop
is occurring earlier, and seasonal effects (unusually cold winds, un-
expected rains, etc.) are still major problems. Thus, increases in
mungbean production will require more uniform and larger harvests or a
change to alternative cultivation times, locations, or production methads.

Lower yield levels mean that the consumers will receive proportion-
ately less mungbean in terms of both quantity and quality. This occurs
because of: 1) a significant linear relationship between the amount
actually harvested and the percentage sold, 2) the small amounts of seed
actually harvested per farmer, and 3) the relatively high level of home
use for consumption or presents. For example, in 1975 the average
harvested amount for each Tainan farmer was 295 kg, of which 75% was
sold. In 1976, 122 kg was harvested, but only 54% was sold. In Chiayi,
the harvested amounts per farmer were much higher and comparable for
both years, consequently over 80% was sold each year.
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International cooperation

The International Mungbean Nursery (IMN) program, initiated in 1972
by Dr. J.M. Poehlman and coordinated by him at the University of
Missouri (Colombia), was turned over to AVRDC in 1976.

The Sixth IMN, conducted during 1976 at 21 locations in the Philip-
pines, Canada, Pakistan, Thailand, Indonesia, Zambia, Sarawak, Korea,
Nepal, Ecuador, U.S.A., India, and Taiwan, will be summarized in a sepa-
rate AVRDC publication.

Scientists interested in participating in the IMN program are urged
to contact Dr. Hyo-Guen Park at AVRDC.

“+

e

International mungbean nursery trial in the Philippines.
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Training

AVRDC's research and production training programs offer a wide range
of opportunities to vegetable research workers and production specialists
in tropical countries. The participants in AVRDC's training programs
learn by doing at the side of our scientific staff. Upon their return
home, they strengthen national programs and serve as valuable cooperators
in the testing of AVRDC breeding materials, etc. under local conditions.

During 1976, 57 trainees from 9 countries participated in the vari-
ous training programs. By the end of the year, AVRDC had provided 27.1
man-years of training.

A training brochure, which describes the training opportunities at
AVRDC, is available upon request from the Training Officer.

The names, countries, and major projects of participants in AVRDC
training programs during 1976 are listed below:

ELena M, Catipon, Philippines. (1) Study of harvest methods for
mungbean, (2) observation and evaluation of AVRDC's germplasm.

Yung-Chung Kuo, R.0.C. Biological nitrogen fixation and gas chrom-
atographic analysis.

Teodora H. Cruz, Philippines. (1) Comparative effect of different
planting and mulching methods on mungbean yield, (2) evaluation of agri-
cultural research agencies in Taiwan.

Hannoto, Indonesia. (1) Evaluation techniques for resistance to
beanflies, bean aphids, spider mites; (2) insecticide evaluation for the
legume insect pests; (3) survey of legume insect pests research in R.0.C.

M{ Suk Ko, Korea. (1) Diallel analysis of several economic charac-
ters in mungbean, (2) yield trial of 20 elite mungbean cultivars, (3)
inheritance study on resistance to powdery mildew in mungbean.

Benjamin M. Legaspdi, Philippines. Effects of insecticides and fung-
icides on the performance of 3 mungbean cultivars.

Vicente J. Rabe, Philippines. Yield performance of two mungbean
cultivars under different intercropping patterns with corn.

LoLita N. Ragus, Philippines. (1) Field evaluation of 5 mungbean
cultivars, (2) comparative study of 3 harvesting methods on mungbean.
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Wang-Ting Hsieh, R.0.C. Microbiological assay of mungbean protein
quaiity.

May-Mag‘Chen, R.0.C. Phytaté content of mungbean.

Wen-Leang Kue, R.0.C. Starch synthetase, phosphorylase, and UDP-glu-
cose pnirophosphorylase in developing mungbean seeds.

Angelina Macase, Philippines. Response of mungbean cultivars to NPK
applied alone and in combination on the calcareous soils of AVRDC.

Rodofge G. Feores, Philippines. VYield comparison between two mung-
bean cultivars using two planting methods.

Demetnéo V., Oxda, Philippines. Yield comparison between two mung-
bean cultivars using two planting methods.

Lo
Peo Lo Ortyy wnn received training at AVRDL through Lhe Philippine Outreach Progrom,
collects seed for tne AVROC qernplasm collection from the ag-called perennial munghean
at Mindanao institute of Technology.
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Crop environment

Weather. The amount of precipitation in 1976 (1357 mm) at AVRDC was 42%
Tess than that occuring in 1975 (2380 mm) and 23% below the 73-year mean
of 1771 mm/yr (1897-1970)%. There were 75 rainy days (normal is 107) and
most of the rainfall occured in July and August (Fig. 1). In addition,
available solar energy for 1976 was 1.3% above the 5-year average for
Tainan City (Fig. 2).

Daytime temperatures were high frem May through October (above 30°C),
and minimum temperatures were above 210C (Fig. 3). During the winter
months (Dec, Jan, Feb), temperatures often dropped below 14°C, and daytime
maximum temperatures ranged from 22°C to 25°C. Soil temperatures (10 cm
depth) were slightly cooler than the mean daytime temperatures.
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also included.

The day length at AVRDC ranges between 13 hrs and 33 min on June 21
to 10 hrs and 43 min on December 21. If civil twilight is considered, an
additional hour and 20 minutes should be included.

%Central Weather Bureau. 1974. Summary of Metrological Data-Taiwan,
Vol. III. Taipei, Taiwan, R. 0. C.

-
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During 1976, three weak tropical storms occured; however, damage to
experimental crops in the field was minimal (Table 1).

Table 1. Tropical storms which influenced AVRDC, 1976.

Max. wind speed Rain fall
Dates knotsa m/sec (mm) Names
May 27-30 27.8 14,2 296.16 Olga
June 26-27 14.8 7.5 67.31  Ruby
Aug 9-10 26.9 13.9 131.83 Billie
Total 495,30

%1 knot = 1.51 mph.

Soil. Although four soil series are present in the Experimental Farm,
80% of the area consists of the Take series. In general, the soil is
moderately well drained and is derived from a calcareous alluvial parent
material. The soil type is a silt loam with approximately 1.4% organic
matter (Table 2).

Table 2. Physical and chemical characteristics of a typical soil profile
from the AVRDC Experimental Farm; 1976.

e g lere L 0 e dutlable mitriegts
(em) el fmmmmmmm me/100g --=-==u-- (ppm)==-=-==mu---
0-15 8.6 22 54 24 1.4 9.2 5 27 1990 199 127 223 2
16-29 8.2 24 52 24 1.4 9.5 6 191890 189 142 2431
30-64 8.5 24 48 28 0.7 8.8 2 17 2090 331 122 268 2
65-77 8.6 16 54 30 0.7 10.7 4 241900 375 143 256 2

The mean bulk density of the soil is 1.67 g/cm®, The water avail-
able to plants ranges from 23% (field capacity) to 8% (wilting point).
The experimental fields are irrigated, when necessary, from welis rang-
ing in depth from 20 to 50 m.
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Accessions index

AVRDC

acc. no. Cultivar name(s) Origin Page

1016 CM-12 Thailand 11

1104 M 163 India 18,35

1250 M 101 " 32-34,43

1377 EG-MG-12 Phil. 43

1380 EG-MG-6D " 13

1381 MG 50-10A(G) " 11,13-15,18,32-34,
43,54

1387 CES 55 " 18,43

1394 EG-MG-4 " 43

1397 PHLV 18 " 18,34,43

1399 CES 28 " 18

1414 CES 14 " 54

1476 STB-129 Indonesia 33-34,43

1533 M-561 India 18

1548 NP-16-3 " 35

1593 LM 062 ! 35

1741 LM 210 " 35

1776 M 804 " 11

1844 0B 41(M872) " 11

1854 0B 76-% " 43

1877 0B 24-1 " 35

1944 MG 50-10A(Y) Phil. 43

1945 BPI Glabrous 3 " 13,43

1946 Yellow mungo " 43

1947 CES 44 " 43

1954 S-8 India 13

1955 S-9 " 54

1956 P.S. 10 " 54

1963 Th 4 Thailand 54

1968 Oklahoma 12 (M 76) USA 33-34

2007 M 304 Korea 10-11,13-14,20-21,
24"25 933"34 954

2013 Tainan 1 ROC 11,13-14,17,21,24,
30-31,33-34,54

2043 Hybrid 45(M 411) India 32-34

2044 Krishna 11 " 32-34

2092 M 1865 (CPI 30755A) Australia 21,23,25

2106 M 1879 " 15

2159 M 1936 " 35
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2179
2183
2184

2272
2273

2283
2386
2407
2416
2417
2524
2576
2670
2675
2676
2773
2797
2808
2819
2837
2949
2984

3019
3029
3092
3171
3182
3372
3375
3388
3404
3409
3476
3487
3488
4028
4039
4062
4511
4514
4535
4538
4679
4701
4706
4709
4713
4717
4718
4721

4724

PHLV 13
PHLV 17
PHLV 18

ML-5
ML-6

ML-15

LM 019

LM 042

LM 053

LM 054

LM 178

LM 278

LM 407

BI

LM 413

ML-3

Tainan 2

Local cultivar #1
Mung oriental
Ph.Coll. 2 Sel.
Jaerae-Jong 8
Kyung-ki Jaerae 5
(M 350)

Bhalili 2-3-7
Katra 1-2 .
M 333

M 506

ML-3

Shining moong({M-4)
Morden 39{(M 408)
0SU M-966-71-10
M 7A

P 646

CES 10-21

71-27

Paciencia

Pl 363279

PI 363290

PLM 13

PLM 661

PLM 664

PLM 689

PLM 694

PLM 888

PLM 920

PLM 926

PLM 932

PLM 939

PLM 944

PLM 945

PLM 949

PLM 952A

R.0.C.
R.0.C.
Unknown
Phil.
Korea

India
1]
1]
Iran
India

U.S.A.
Thailand
India
Phil,
Pakistan
Ecuador

India
: n

43
32-34

10-11,13-15,20-21,
23,32-33,36,47,53

11,18,33-34
11,13,21,23-25,
33-34

32,34

35

35

35

35

15

11,13-14,16-18
54

34

54

43

33-34

10-11,13,34,48-49
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AVRDC

acc. no. Cultivar name(s) Origin ~ Pages
Adzuki_bean
3442 Andong Korea 35
3501 M 124 " 35
Black gram
3115 T-9 India 35
3529 M 448 " 35
4387 PLM 483 " 35
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Taipei, Taiwan, Republic of China
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Secretary of Agriculture and Natural Resources
Manila, Republic of the Philippines

Dr. Prakob Kanjanasoon

Director General, Dept. of Agri., Ministry of Agriculture and Cooperatives,
Bangkok, Kingdom of Thailand :

Dr. Chung-Il1 Choi

Director, Horticultural Experiment Station, 0ffice of Rural Development
Suweon, Republic of Korea

Dr. Tadayoshi Sugiyama

Professor of Horticulture, Tokyo Agricultural College
Japan :

Dr. Nyle C. Brady

Director, International Rice Research Institute
Los Banos, Laguna, Republic of the Philippines

Dr. Vernon W. Ruttan

President, Agricultural Development Council, Inc.
Singapore

Dr. Robert F. Chandler, Jr.

Route 1, Petersham Road, Templeton, Mass. 01468
United States of America

Dr. Hsiung Wan

Director, Taiwan Agricultural Research Institute
Taipei, Taiwan, Republic of China

Dr. James C. Moomaw

Director, Asian Vegetable Research and Development Center
Shanhuva, Tainan, Taiwan, Republic of China
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Personnel

ADMINISTRATION

James C. Moomaw, Ph.D., directon

C. L. Luh, M.S., associate directorn |(administration)

James J. Riley, Ph.D., associate director (nresearch)
Michael Chin, B.S., executive officer

David I. K. Chi, B.A., C.P.A., comptrollen

J. H. Chen, B.S., supetrintendent, buildings and grounds
Christina Chang, B.S., manager, food and dormitony services

HorTrcuLTURAL CROPS PROGRAM

Ruben.L. Villareal, Ph.D., program Leaden & plant breeden
(tomato & sweet potato)
Sen-Hsiung Lai, B.S., reseanch assistant
Tai-Liin Hu, B.S., nesearch assistant*
Long-Sheng . Chang, B.S., nescanch assistant

Romeo T. Opena, Ph.D., associate plant breedenr
(white potato & Chinese cabbage)
San-Ho Lo, nesearch assistant
Cheng-Feng Hsieh, B.S., xesecanch assistant

Wa-Lee Lim, Ph.D., post doctoral fellow in plant pathology
0i-Cheng Ng, B.S., nescanch assistant
Lih-Chyong Su, B.S., #esecarch assistantt
Hsiao-Lin Hu, B.S., nesecarch assistant
Lee-Yuh Pai, B.S., nescarch assistant*
Su-Yi Lee, B.S., nesearch assistant

James J. S. Tsay, M.S., nescarch assistant (plant physiology)
Li-Jean Wang, M.S., xresecanch assistant

Robert I. Rose, Ph.D., entomologist
Chich-Yeong Su, M.S., neseanrch assdistant
Chin-Lin Wang, M.S., nesecarch assistant
Shang-Ping K. Luo, B.S., research assistant

LEGUME PROGRAM

Charles Y. Yang, Ph.D., program Leaden & plant pathologisi
Chung-Chuan Yen, M.S., rescanch assistant
Wang-Ching Ho, M.S. rescarch assistant*
Tian-Chen Wang, B.S., xesearch assistant
Li-Fan Hu, B.S., nescarch assistant
Li-Ping Yan, B.S., nesearch ass.istant®
Morgan H. M. Ueng, B.S., nescarch assdstant
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Hyo-Guen Park, Ph.D., associate plant baeeder [mungbean)
Nung-Che Chen, M.S., assistant plant breedert
Chien-Nan Yang, M.S., sesearch assistant
Shing-Huan Wu, B.S., reseatch ass.istant
Tai-Yun Chyau, B.S., xescarch assistant

S. Shanmugasundaram, M.S., scientific associate in plant breeding (soybean)
Tong-Shroung Toung, B.S., rescarch assistant ,
Chac-Chin Wang, B.S., rescarch assistant

George C. C. Kuo, Ph.D., associate plant pnysiologist
Mei-Chu Hsu, M.S., xesearch assistantt
An-Ching Cheng, M.S., xescanch assistan:
Fu-Hsing Hsu, M.S., xesearch assistant®
Min-Ho Chou, B.S., nes2atch assistant

Hsueh-Wen Kao, M.S., xesearch assistant (entomology)
Chang-Yuang Chang, B.S., rcsearch assistant
Chun-Rong Wei, rescarch assistant

Shih-Shin Chiang, M.S., xeseanch assistant

Tsai-Sheng Teng, B.S., nesearch assistant (chemistry)

NUTRITION, ENVIRONMENT, AND MANAGEMENT PROGRAM

Samson C. S, Tsou, Dr., progham Leader & associate chemist
Su-Ching L. Chiu, B.S., chemical analyst*
Min-Seh Hsu, B.S., chemical analyst
Shieh-Te Tan, M.S., reseanch assistant

N. S. Talekar, Ph.D., scientific associate in pesticide nesidue analysds
Lian-Tien Sun, M.S., xeseanch assistant
Ehr-Min Lee, B.S., nesearch assistant

Raymord D. William, Ph.D., crop management Apec,('aUAt+
Mou-Yen Chiang, B.S., research assistant
Yu-Chi Roan, B.S., nesearch assistant
Jing-Ju Chen, B.S., nesearch assistant®
Steve S. M. Lin, M.S., research assistant

Peter H. Calkins, Ph.D., assoeiate agrnicultural economist
Merle R. Menegay, M.S., scientific associate in agricubltural economics
Kuang-Rong Huang, M.S., sesearch assistant
Han-Chou Liaw, M.S., neseanch asaistant?
Hu-Mei Wang, M.S., nreseanch assistant
Shu-Yuh Huang, B.S., nesearch assistunt
Chiung-Pi Liu, B.S., nesearch assistant
I-Jean Cheng, B.S., statistical assistant

Takashi Yoshida, Ph.D., s0if scientist®

Takayuki Yoshizawa, Ph.D., 50if scientist
Maw-Sheng Lin, M.S., research assistant
Ray-Kuen Lin, B.S., reseanch assistant
Chih-Ping Chu, B.S., nesearch assistant
Chi-Min Huang, B.S., nesearch assistant
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OuTReacH ProGRAM

John N. Hubbell, Ph.D., associate horticulturalist,
Philippine Outreach Progham

TRAINING, COMMUNICATIONS, AND RESEARCH SERVICES

Diosdado V. Castro, M.S., associate training specialist
Mou-Sung Lin, M.S., training assistant?
Cheng-Ching Kuei, training assisiant
Henry H. J. Lee, training assisiantt
Sui-Ting Chen, B.S., thaining assistant

Charles S. Taylor, M.Mg't., associate information specialist
Tsui-Hsia A. Menegay, M.A., coordinator of vegetable preparation

manual profect
Teng-Hui Hwang, B.A., C{brarian

Yi-Sung Chen, B.S., faum Aupenintendent++
Yung Liang, acting farm superintendent

Leonard I. L. Ho, M.S., seed technologist

Su-May J. Wang, B.S., computern scavices assistant

* Left during 1976
++ On leave for 2-year mission to Saudi Arabia.
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Publications

AVRDC makes available, upon request, copies of its annual Progress
Report and reports detailing research activities with its six vegetable
crops: tomato (Lycopersicon esculentum), Chinese cabbage (Brassica pe-
kinensis), white potato (Solanum tuberoswm), sweet potato (Ipomoea ba-
tatas), mungbean (Vigra radiata), and soybean (Glycine max). These pub-
lications are available from the Office of Information Services at
AVRDC, and will be sent surface mail. When ardering, please be sure to
include your complete mailing address.

AVRDC mailing address: P.0. Box 42, Shanhua, Tainan 741
Taiwan, Republic of China

AVRDC Technical Bulletin Series (TB):

T8 1 Menegay, M.R. 1975. Taiwan's specialized vegetable production
areas: an integrated approach.

1B 2 Menegay, M.R. 1976. Farm management research on cropping sys-
tems.

T8 3 Calkins, P.H. 1976. Four approaches to risk and uncertainty in
farm management extension.

7B 4 Calkins, P.H. 1976. Farmers' viewpoint of sweet potato produc-
tion in Taiwan.

AVRDC Journal Papers (please see the journal concerned for reprints)

JP 1 MacKenzie, D.R. et al. 1975. Photoperiodism of mungbean and
four related species. Hortscience 10(5):486-487.

JP 2 Mackenzie, D.R. et al. 1975. Response of mungbean and soy-
bean to increasing plant density. J. Am. Soc. Hort. Sci. 100
(5):579-583.

JP 5 Mew, 1-Pin et al. 1975. Inoculum production and evaluation of

mungbean varieties for resistance to Cercospcra cancacens.
P1t. Dis. Reptr. 59:397-401.
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JP 7 Mew, T.W. et al. 1976. Survival and infectivity of soft rot
bacteria on Chinese cabbage. Phytopath. 66:1325-1327.

JP 8 Talekar, N.S. et al.1977. Persistance of some insecticides
in subtropical soils. J. Ag. Food Chem. 25(2):348-352.

JP 10 Talekar, N.S. 1977. Gas-1iquid chromatograph determination
of alphacyano-3-phenoxybenzyl alpha isopropyl-4-chloropheny-
lacetate residues in cabbage. J. of AOAC 60(4):908-910.

JP 11 Menegay, M.R. et a1.1978. Crop intensity index: a research
method of measuring land use in multiple cropping. Hort-
science 13(1):8-11.

JP 16 Villareal, R.L. et al.1977. Fruit-setting ability of heat-
tolerant, moisture-tolerant, and traditional tomato cultivars
grown under field and greenhouse conditions. Phil. J, Crop
Sci. 2(2):55-61. .

JP 17 Kuo, C.G. and J.S. Tsay. 1977. Propagating Chinese cabbage
by axillary bud culture. Hortscience 12(5):456-457.

JP 19 Talekar, N.S. et al. 1977. Absorption and translocation of
soil and foliar applied 14 C-phorate in soybean and mungbean
seeds. J. Econ. Ent. 70(6):685-688.

JP 20 Talekar, N.S. et al. 1977. Residual behavior of several in-
secticides on Chinese cabbage. J. Econ. Ent. 70(6):689-692,

1976 Staff Papers

Bromfield, K.R. and C.Y. Yang. 1976. Soybean rust: summary of avail-
able knowledge. Pages 161-164 in R.M. Goodman, ed. Expanding the use
of soybeans. Proceedings of a conference for Asia and Oceania, Feb.,
1976. College of Ag., U. of I11., Urbana, I11., USA.

Moomaw, J.C. et al. 1976. Role of legumes in South and Southeast Asia.
Pages 155-159 in Exploring the Legume-Rhizobiwn symbiosis in tropical
agriculture. Proceedings of a workshop, Aug. 23-28, 1976. Kahului,
Maui, Hawaii, USA.

Rose, R.I. et al. 1976. Beanflies and their control. Pages 169-171 in

R.M. Goodman, ed. Expanding the use of soybeans. Proceedings of a con-
ference for Asia and Oceania, Feb., 1976. College of Ag., U. of I11.,

Urbana, I111., USA.

Sarikaphuti, Y. and J.J. Riley. 1976. Extension of research to the
village farmer: a symposium. Pages 211-216 in R.M. Goodman, ed. Ex-
panding the use of soybeans. Proceedings of a conference for Asia

and Oceania, Feb., 1976. College of Ag., U. of I11., Urbana, I11., USA.

Shanmugasundaram, S. 1976. Soybean cropping systems in the tropics.
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