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Regressions, correlations, and 
combining ability in mung beans 
(Vigna radiata (L.) Wilczek)* 

J. M. YoIIt and J. M. POEIILMAN 

Departmentof Agronomy, University of Missouri,
 
Columbia, Missouri 65201, U.S.A.
 

Five mung bean (Vigna radiala (L.) Wilczek) strains, selected for their diverse
plant characteristics and origins, were evaluated for ten variables in a diallele 
experiment using regression coefficients, correlations, and combining ability
estimates. Regression coefficients were high, indicating large additive effects 
for most of the variables. Yield positively correlatedwas with number of
pods per plant, number of seeds pei pod, 1000-seed weight, and plant size as 
measured by plant height and branch length, and negatively correlated with 
virus score. Negative correlations of yield with late flowering and mildew 
score were non-significant. Genetic variability among Ft plants Ibr the ten 
variables was largely accounted for by highly significant general combining
ability (GCA) effects, although specific combining ability (SCA) effects were
observed for five traits. GC.'A effects were much larger than SCA| effects,
SCA effects being non-significant in general, suggesting that the variables 
are predominantly controlled by loci with additive gene effects. Hence,
classical breeding systems which made use additiveof genetic variance 
would be effective here. 

INTRODUCTION 

BREEDING improvement of the mung bean (Vigna radiata(L.) Wilczek) has
been limited mostly to examination of varietal differences and selection 
within local strains. Genetic investigations of the mung bean likewise have
been sparse and few of these have been devoted to economic characters 
or to type of gene action such as would be useful to the breeder in developing 
a hybridization programme. 

Genetic variability within the mung bean species has been studied by
BANKS (1958), BIIARGAVA et al. (1966), GUPTA and SINGII (1970), SINGII 
and MALIIOTRA (19701)) and Yom and POEIILMAN (1972). Each reported a 
sufficiently wide range of genetic variability in economically important 

* Contribution from the Departnen of Agrornoiy, University ofAtissouri, Columbia, U.S.A., based on a Thesissubmitted by the senior author in part fuitihlent of the requirements or the Ph. 1. degree, and published asMissouri Agriruhural Experinient Staioo Journal -SeriesNo. 7t1011.t Present address: Urop Improvement Research Center, Office of Rural Development, Suwom, Korea 170. 
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344 J. M. YOMIE AND J. M. POEiULMAN 

characters to be useful in a mung bean breeding programme. The herita
bilities of several quantitative characters in five mung bean crosses were 
examined by EMsi; el at. (1970). Broad sense heritabilities in the F2 ranged
from 71.2 per cent for days to maturity to 8.6 per cent for seed yield. Among
the yield components, seed weight had the highest heritability (51 2 per cent)
followed by pods per plant (24.6 per cent), and seeds per pod (10.0 per 
cent). 

SINti and BIiATNAGAR (1965) studied the relationship of flowering date 
to maturity and obtained a correlation of 0.78 between them. SINGH and 
MALUO'no'iA (1970a) using multiple regression analysis, indicated that pods 
per plr.nt, seeds per pod and seed size were the most important characters 
determining yield in iting beans. CIANIE.L el al. (1973) reported that days 
to flower, pods per plant, pods per peduncle and seed weight had direct 
positive effects on yield in mung beans. From a diallele cross with mungbeans SIN; and JARN (1971a) estimated combining ability and gene eflects
for yield and tie two yield components, seeds per pod and pods per plant.
They reported both general combining ability (GC.,) and specific combining
ability (S.-I) eflects to be important lbr all of the traits and that grain
yield and the two yield components were influenced by both additive and
non-additive gene action. In a separate report Simti and JAIN (19711))
stated that (G.I was important for pod length, whereas both GCA and 
S,.. were important in determination of seed size. 

In 1970, we grew 321 mtng bean strains from the United States Depart
ment ofAgriculture mung bean germplast collection and noted considerable 
variation among the strains in yield, flowering date, plant size, seed size 
and disease reaction (Yom--, and PtOIEmLstNA,, 1972). In the development of 
a nmting bean breeding programme it would be useful to have information 
on the conbinations of these characteristics that would be associated with 
high yield. To obtain this information we initiated the investigations re
ported here. Outr specific objectives were to obtain estimates of heritability,
to examine the relationships among characters, and to measure estimates 
of general and specific combining ability for each of the ten variables 
tinder study. 

MATERIALS AND MErnIotDs 

Five strains of mung bean, NI 101, M304, M317, M299, and M277 (accession
nut bers of' the Missouri Agricultural EIxperiment Station; United States 
)epartment of Agriculture Plant Introduction (P.I.) numbers are listed 

in Table 1) selected for diverse plant characteristics, were used as parental
lines in a diallele experiment. Comparative data for the parent varieties 
are presented in Table 1. Crosses were made in all possible combinations, 
excluding reciprocals, to produce a 5 x 5 dialle. The five parents and 
ten single crosses were grown in 1971 in a randomized complete block 
lesign with five replications at the Agronomy Research Center, Columbia,
Missouri. A plot consisted of eight plants in a single row with spacings
of 'i5mm between rows and 45cm between plants within the row. Seeds 
were inoculated with a commercial culture of rhizobium before planting.
A herbicide, chloratuben, was applied at the time of planting at the rate 
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Tab .LC-parativePerformance for ten variables ofjive mung bean parent cultivars used in a diallele cross 

No. of No. of 1000- Days
USDA Missouri pods seeds seed to 
P.L accession Yield per per weight first 
Ao. No. Origin (kg/ha) plant pod (g flower 

271401 MI India 1938 103 12-3 73 52 
273487 M304 Korea 1150 76 13-0 56 51 
298915 M317 China 1712 109 13-7 64 53 
271405 M299 India 665 67 10.0 37 42 
246130 M277 Madagascar 471 39 9-8 43 61 

* Visual estimation of virussymptons on the basic of I (highly resistant) to 1(M(highly susceptible 
1Visual rating for mildew on leaves at maturity based on a score of I (highb resistantj to 5 (highly susceptible) 

(data for three years, 1970-72, 

Dars tofirst Plant Branch 
ripe height length 
pod (cm) 

72 50 55 
72 59 46 
75 70 62 
58 39 30 
81 66 52 

at Columbia, Missouri) 

Virus* Afildewt 
score score 

0-7 2-6 

15-7 4-1 
20-3 3-9 
8.3 5-0 
43-0 3-8 

0 
CA 

z 

z 
0 

z 
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of 3-37kg/ha. Pods were harvested separately from each plant and dried 
at a temperature of 35*C. Observations were recorded on each plant for the 
following variables. Yield (g): weight of threshed cleaned seed. Pod number 
per plant: number of mature pods. Seed number per pod: mean of 10 
randomly selected pods. 1000-seed weight (g): weight of 100 randomly 
selected seeds x 10. Days to first flower: number of days from planting to 
first open flower. Days to first ripe pod: number of days from planting to 
first ripe pod. Plant height (cm): height of the main axis. Branch length 
(cm): lenglh of the f.rst or lower lateral branch. Virus score: visual estimate 
on the basis of I (no symptoms) to 100 (highly susceptible). Virus symptoms 
were identified by leaf mosaic, leaf crinkling, plant stunting, and flower 
abortion. Identification of the specific virus (or viruses) could not be made. 
Mildew score: visual rating of mildew on leaves at maturity on the basis 
of I (resistant) to 5 (highly susceptible). Regressions of the means of the 
FI plants on their respective mid-parent means were calculated to give an 
estimate of heritability in the narrow sense according to FALCONER (1960). 
Phenotypic correlation coefficients were calculated among all variables. 
Combining ability analyses were computed according to GRIFFINO (1956) 
Method 4, Model I, since only one set of Fl plants was included. A separate
'parent versus Fl' comparison was made since parents were not included in 
the calculation of combining ability eflects. 

RESULTS AND DISCUSSION 

Regression coefficients 
Regression coefficients of mid-parents with F1 means for the ten variables 

in the five parent diallele are listed in Table 2. High regression coefficients 
with values approaching 1.0 were obtained for pods per plant, 1000-seed 
weight, days to first ripe pod, branch length, and mildew score, indicating 
strong additive gene effects for these variables. These data support results 
reported by BIIARGAVA et al. (1966), EMI, el al. (1970), and SINGH and 
MALHOTRA (1970a). Regression coefficients with b exceeding 1.0 were 
obtained for yield, days to first flower, and plant height indicating both 
additive and non-additive gene effects for these variables. The regression 

Table 2. Regression coefficients of mid-parent with Fl mean for ten variables 

in afive parent diallele cross with nung beans 

Variable Midparent-progen regression, 1), 

Yield 1.666+ 0.117* 
pods per plant 0-766+ 0 166* 
Seeds per pod 0.220+0. 173* 
1000-seed weight 0.709+ -096* 
Days to Ist flower 1'085+0.183* 
Days to 1st ripe pod 0.923+0.151* 
Plant height 1.317T 0.234* 
Branch length 0.911 ±0.216* 
Virus score 0.484 +0.129* 
Mildew score 0.994+0.252* 

Significant at the 0'05 level ofprobability when n=50 
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Table 3. Correlationcoefficients among ten variables in afwe parent diallek cross of mung beans 

o Variable Tield 

Xo. of 
pods per 

plant 

No. of 
seeds 

perpod 
1000-seed 

weight 

Days to 
first 

flower 

Days to 
first 

ripe pod 
Plant 
height 

Branch 
length 

Virs 
score 

Mildew 
score z 

Yield 1-000 Z 
m No. of pods per plant 0-878* 1-000 a 
6" 

-

No. of seeds per pod 
1000-seed weight 
Days to Ist flower 

0-601* 
0-764* 

-0-051 

0.474* 
0-473* 

-0-304* 

1-000 
0-574* 
0-025 

1-000 
0-201 1-000 

t 

W 
Days to Ist ripe pod -0-137 -0.383* -0-028 0-141 0-983* 1-000 

' Plant height
Branch length 

0-432* 
0-607* 

0-367* 
0.554* 

0-349* 
0-382* 

0-443* 
0-543* 

0-525* 
0.371* 

0-467* 
0-300* 

1-000 
0-900* 1-000 

z 
0 

Virus score -0-630* -0.633* -0-497* -0-406* 0.409* 0-496* -0-165 -0-261* 1-000 > 
Mildwscore -0-117 0-027 -0-073 -0.261 -0.410* -0-380* -0-130 -0-190 -0-106 1-000 

Significant at the 0-05 level of probability 

z 
M 
z 

-I 
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coefficients for seeds per pod and virus score were low, indicating some 
additive effects for these variables. MPu el al. (1970) reported the broad 
sense heritability (BSII) of seeds per pod was lowcr than BSH for tile othcl 
yield components, pods per plant and 1000-seed weight. 

Correlation coifiiciets 
Correlation coeflicients aniong the ten variables in tile five parent diallele 

cross of niung beans are reported in Table 3. Yield was positively correlated 
with each of the primary components of yield, pods per plant, seeds per pod, 
and 1000-seed weight. Positive correlations were obtained also among 
tile yield Collii)oneits. Yield is generally considered to be complex in its 
inheritance and low in ieritability. Primary Coilpolelts of' yield may be 
less complex in infliritaice and the heritability of the components would 
generally a ppear to be greater tian for yield her Se. The high correlation 
between yield anid its primary comporn'its, in general, support tie heritability 
stuidies in the assuliption that a major portion of tii genotypic variance is 
additive. It also suggests that selection for each yield coiiponcnt will 
contributte towards yield iiiiproveniint. 

Correlations of' yield with the maturity variables, days to flower and 
days to first ripe pod, were negative andi loll-significant. The significant 
negative correlations between inmber of pods per plant and days to flower 
and days to ripe pods sUtggest that earlier plants had more time in which 
to set pods. 

The variables concerning plant size, plant height and branch length, 
were positively Ctorrelated with yield, the primary yield eotiponents (pods 
per plant, seeds p'r pod, and seed weight) and tlie variables concet'ned 
with maturity (days to flower and days to first ripe f d). Plant size is 
important because it providtes the physical capacity to su)port a large nuniber 
of pods and geiera te a higher yield. Plant size may be associated with 
late maturity bIecause t delay in floweiring would restilt in ; loInger period 
of vegetative growt h. 

Yield and tit mplini its of yield were significantly and negatively 
correlated with virus scre, indicating that tlie virus disease adversely 
allcted ti e xl)ressiiim of eac Ii Coillponen t as well as total yield. AItinciease 
in virius also delavid flowering as shown by tile positive correlfatcion between 
days to fr irwe and virlis so.re. The efect if' miildew oi yield and the yield 
('0o1poir'nlts was less proittnced than tle e flect of' ihe' viruis, a weak negative 
correlation witl seed weiglit being the only correlation with mildew that 
was significant. h'li' mildew disease developed late in tlie season after 
many of the pods had bee n brmed, so tie effect of mildew on pods per 
plant and seeds per pod was small bit mildew did reduce seed weight. 

Dialleh' analytw'.c 
All of tilt' Variables showed highly significant genotypic differences in 

it' analysis of' variance of the diallcle population (Table .1). The genetic 
variafility among F1 plants for all variables was accountcd fb'r largely 
'y highly significant (;.I efrects. Although SCI eflects were observed 
for five variables, the GCC. effects were much larger in magnitude indicating 
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Table 4. Mean squares for ten variables in afire parent diallele cross ofmung beans 

.Vo. ,f Days to Dars to 

Decrees of Nield per X. of pods seed lt00-seed liest first Plant 
Source of variation freedom plant per plant per pod ueicht flower ripe pod height 

Replications 4 148-8 970-9 4-0 8- 2 4- 5 6 17-3 
Entries 14 3872-9** 6914.1** 18-"** 57G.6** 2)59-5** 2-16-6" 49(;-9** 

Parents 4 5378.1** 8697-7** 36-7** 1216-4** 277-8** 341-3** 381 -0** 
F, plants 9 3272.7** 4157.8** 9.5** 336.5** 272-7** 216-2** 522-7** 

GC.-f 4 7049-5**- 9I74"*11-7* 704 -4** 563 .6 450-6** 1067.6" 
SC. 5 251-4 1150.9 2-2 42.3* 40-()* 28.8* 86-8* 

Parents vs. F, plants 1 32515"* 24585-4** 19.5** 177 .7* 673 141 3* 729* 

Error 56 127-9 543.3 2-9 16-5 12.5 10-9 35-6 

SiZiiticUlt at the 0(15 levrl of probability
Signiticaw.t an1th, . 01 Ieel of prohabilitv 

Branch
length 

45-4 
364.0** 
434-4** 
304-4** 
575-3**
87-8 

618- 1* 
39-2 

Virus 
score 

40-5 
669-4** 

1371-2** 
331-1** 
478-4**
213-2** 

907-2** 
66-0 

Mildew 
score 

34.8** 
24.8** 
10-5 
32.4*W 
57-5** 
12-4 

15-6 
5-9 

0 

> 

r 

z 

Lt 
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Table 5. Fstimates ofgeneral combining ability effects for ten variables in afwe parentdiallele cross of mung beans 

Least signifiant 

Parent Standard error difference 

2+ 
 it 2i .0
1304 31317 31299 M277 ifVariable 311 

8-278 11 
Yield 35-262* -4-881* 3-243* -21-104* - 12-520* 2-613 4-131 5-236 

- No.of pods per plant 39-962* - 14-658* -3-261 -6-265* - 15-777* 5-384 8-512 10-789 17-058 Z>.
 

> No.of seeds per pod 1-030* 0-830* -0-080 - 1-787* -0-153 0-225 0-619 0-451 1-241
 
L..aq 1000-seed weight 8-918* 0-497 2-147* - 10-059* - 1-503* 0-938 1-483 1-880 2-973 

" Days tolst flower 0-153 0-400 1-333* -9.503* 7-617 0-816 1-290 1-634 2-584 
Days to 1stripe pod -0-154 0-418 1-262* -8-418* 6-892 0-761 1-203 1-525 2-411 

" Plant height 1-643* -4-643 5-140* -11-834 9-694* 1-378 2-179 2-761 4-366 10 
S. Branch length 4-529 -3-629* 1-979 -8-911* 6-032 1-446 2-287 2-899 4-583 0 

E" Virus score -7-433* 3-360 -4-185* 1-959 6-299 1-876 2-966 3-760 5-945
 
Mildew score -0-062* -0-019 0-067 0-064 -0-051* 0.018 0-028 0-036 0-056
 

0 * Significant at the 0-05 level ofprobability 
- "SE I and LSD I = standard error and least significant difference between effect and zero 
us *SE 2 and LSD 2=standard error and least significant difference between two effects 

p
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351 REGRESSIONS, CORRELATIONS AND ABILITY IN BEANSCOMBINING MUNG 

the absence of average SCA effects of practical significance, except possibly 
for virus score. 

Estimates of GCA effects associated with each of the parent varieties 
for the ten variables are presented in Table 5, along with the appropriate 
standard errors and LSD values. As measured in the diallele, GCA variance 
is composed of additive plus part of the additive interaction variances. 
SCA variance is composed of dominance and remaining interaction 
variances. On the basis of this assumption the present results are in agree
ment with those of SINGI and JAIN (1971a, b) who found that most ofthe 
total genetic variability for a number of characters in mung bean crosses 
was due to additive eflects of genes. Here, the occurrence of significant SCM 
effects for five variables suggests that the genetic variation present fbr 
those variables was due in part to non-additive effects. However, since 
GGA variation was generally much greater than the SC.] variation, we 
may conclude that the variables are predominantly controlled by loci with 
additive gene eltects. Hence, classical breeding systems which make use 
of additive genetic variance would be efltctive for modification of the 
components of yield and other variables discussed here. 

Considering estimates of the G(.,c efrcts fbr yield and the components
of yield, the best parent among the present set was NI101. Selection for 
increased number of seeds per pod, or 1000-seed weight, within populations 
arising from the crosses M 101 x M30.1 and MI 101 x M317, respectively,
might be expected to result in improved yield since NI101 and N1317 ex
hibited the highest G(,'..I eflects for 1000-seed weight.

Since M299 was the only parent having negative (earliness) GC,I efllcts 
for early flowering and early pod maturity, the crosses involving this parent
should provide a relatively broad range of segregants f'rom which plants 
with earlier flowering and pod maturity could be selected. 

The parent M277 has the highest C;.] ellect for plant height. Both 
M299 and M304 have negative CC.I efii'cts for branch length indicating 
that selections from their progenies should have shorter Iranchcs. Thus 
the crosses N4277 x N1304 and M277 x N1299 should provide a broad range 
ofsegregants from which erect types with shorter branches could be selected. 
This was )orne out by segregants selected in the F,, population of the 
M277 x M304 cross, which were grown the lollowing season. 

In this study, strains NlI01 and N1317 were the only parents having
negative (resistance) GC,.I eliects tbr the expression of virus symptoms.
Progenie3 of crosses involving these two parents should oflfr an opportunity
for selecting lines with improved virtis resistance. Strains N101 and M277 
had significant negative (resistance) GCA effects for mildew and would 
provide the best parents among those studied to contribute genes for mildew 
resistance to their progenies. 
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