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Genetic Divergence and Hybrid Performance in Mung Bean

S. RAMANUJAM, A. S. TIWARI and R. B. MEHRA

Division of Genetics, Indian Agricultural Research Institute, New Delhi (India)

Summary. Genetic divergence in 35 populations (10 parents and 25 F,’s) of mung bean was studied by D2 and cano-
nical analyses. The ten parents formed as many as eight separate clusters, suggesting that the genetic divergence
between them was quite substantial. The parent BR-2 was highly divergent from all the other entries. It was found
that flowering time, maturity, seed density and seed size (100-seed weight) contributed substantially to the divergence.
Canonical analysis supported the divergence pattern obtained by D? analysis and the contribution of different charac-
ters to genetic divergence. The relationship between genetic divergence (D?) and heterosis was evaluated. In general,
there was fair agreement between the extent of heterosis and the genetic divergence between the parents.

Adequate genetic diversity is a basic requirement
of breeding programmes. In pulses, where little in-
formation is available, the importance of studies on
genetic divergence is obvious. The results of such an
investigation in mung bean (Phaseolus aureus Roxb.)
are presented and discussed in this paper.

Materials and Methods

Ten parental genotypes of diverse origin and 25 F,
crosses involving them were grown in kharif 1971 in a
randomized block design with three replications, at the
Division of Genetics, Indian Agricultural Research Insti-
tute, New Delhi. Observations were recorded on yield/
plant in gm., number of branches/plant, number of seeds/
pod, 100-seed weight in gm., days to flowering, days to
maturity, proportion of leaf axils which bore an inflor-
escence, number of pods/plant, % protein in flour, and
seed density. The original measurements were transformed
to standardised, uncorrelated variables by pivotal con-
densation (Rao, 1952). The divergence between any two
populations was obtained as the sum of squares of the
differences in the value of the corresponding transformed
variates. Based on these D? values, the 35 populations
were grouped into clusters using Tocher’s method (Rao
1952). Canonical analysis was according to Anderson
{1958).

Heterosis was measured as the percentage of the
deviation of F, value from the mid-parent value to the
mid-parent value.

Results and Discussion

ANOVA (Table 1) revealed significant differences
among the populations for each of the ten characters.
Simultaneous test of significance based on Wilks's

criterion also revealed significant differences among
the populations for the pooled effects of all the
characters. The D? values corresponding to every
possible pair (595) of the 35 centries are on record in
Tiwari (1973).

The 35 mung populations studied could be grouped
into 19 clusters (Fig.1). The highest inter-cluster
distance was between clusters I and XIX (D?
= 1231.96) while the lowest was between I and II
(D2 = 20.5).

The cluster-means (Table 2) for the various cha-
racters considered together with the inter- and intra-
cluster D2 estimates provided interesting evidence on
the nature of genetic divergence.

Such assessment of the contribution of different
characters to genetic diversity in D? analysis, reve-
aled the importance of seed density, maturity time,
seed size and flowering time. Yield and its compo-
nents, such as number of pods/plant and seeds/pod,
had limited influence on genetic diversity. Canonical
analysis (Table 3) also revealed the importance of
maturity and flowering time in the first vector and
seed density and seed size in the second. There was,
therefore, considerable agreement between the findings
of D%analysis and the principal component approach for
the contribution of different characters to genetic
divergence. Murty and Arunachalam (1966), who con-
sidered the effect of breeding systems on genetic
diversity, reported the importance of the contri-
bution of flowering time to genetic diversity in a
number of crop plants, including such selfpollinators

Table 1. ANOVA (RBD) for ten characters studied in 35 genotypes of mung bean

Effective

Source of af Yield/ Branches Seeds/ 100-seed Daysto Daysto axils/ Pods/ % Grain
variation ‘7 plant /plant pod weight  flowering maturity plant plant protein  density
Replications 2 0.80 2.76 0.40 0.20 10.03%* 1.22 15.87*% 48.74** 23.50** 0.001
Treatments 34 12.18%* 1.24%*  2.86%* 0.09** 107.32%* 240.40%* 40.40** 50.81** 4.21%* 0.016**
Error 68 2.30 0.29 0.64 0.15 3.18 3.23 9.10 18.20 1.28 0.001
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Fig. 1. Two dimensional representation of divergence of 35
genotypes of mung bean (10 parents and 25 hybrids) using
the first two canonical vectors (Z,, Z,) as coordinates. The
groupings obtained from D? analysis are superimposed. The
genotypes included in the different clusters are: I. T. 44,
‘Pusa Baisakhi’, T. 44 x Hyb. 45, T. 44 x R. 1, ‘Pusa Bai-
sakhi’ x R.1; 1I. K.11 x B.1, K.11 x Khar. 1, BR.2
» T. 44, J.78t x ‘Pusa Baisakhi’, K.1 x ‘Madira’,; III.
Khar. 1, Khar. 1 x ‘Madira’; IV. K. 11 x T. 44, K. 11 X Hyb.
45; V. B.1, ‘Madira’, B.1 x T. 44, Khar.1 X ‘Pusa Bai-
sakhi’, ‘Pusa Baisakhi’ X ‘Madira’; VI. B.1 X BR.2, B.1
x Hyb. 45, B.R. 2 x ‘Pusa Baisakhi’; VII. Khar. 1 x J. 781;
VIII. Khar.1 x R.1; IX. B.1 x J.781; X. R.1; XI.
J781 x ‘Madira’; XIL. J.781; XIII. J. 781 x R.1; XIV.
Hyb. 45 x ‘Madira’; XV. K.11 x BR.2; XVI. BR.2 X
Hyb. 45; XVII K. 11; XVIII. Hyb. 45; XIX. BR. 2.

as wheat and linseed. Seed density has been less
studied. Murty and Arunachalam (1966) reported
an important role for seed density, but found seed
size to have limited influence on genetic diversity
in these crops. In the present study, seed size also

Table 2. Cluster means for ten
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made a fair contribution to genetic diversity, as has
also been reported in a number of crops including
mung bean (Gupta and Singh, 1970) by earlier wor-
kers. Perhaps the considerable human selection
exerted for seed size in pulse crops is respensible for
this.

It is interesting to note that the ten parents showed
considerable diversity among themselves and formed
as many as eight well-separated clusters (Fig. 1). The
parents T.44 and ‘Pusa Baisakhi’ in cluster I, and
B-1 and ‘Madira’ in cluster V, are the only parents
placed together. The parent BR-2 was highly diver-
gent from all the other entries. The 25 hybrids fell
into as many as 14 different clusters in the D2
analysis, many of the clusters consisting of one or two
hybrids and often considerably separated from the
clusters containing the parents (e. g. crosses of parent
K-11). In some instances the hybrids occupied the
same cluster as one of their parents, while in others
hybrids having one parent in common occupied the
same cluster. It was also noted that hybrids involving
one common parent may be widely dispersed (e. g.,
five hybrids of BR-2 occupied four distantly situated
clusters, I1I, VI, XV and XVI). All these results
suggest that substantial diversity exists among the
parental genotypes and that considerable variation
has been generated from these crosses though only
a limited number of parents were involved. The
alleged lack of genetic variability in mung bean, and
presumably other pulses, therefore needs to be re-
examined.

An interesting aspect of the analysis is the rela-
tionship between parents which fall in the same
cluster. One such pair was in cluster I and involved
T.44 and ‘Pusa Baisakhi’. The distance between
these genotypes (D? = 2.5) was very small and there

characters in mung bean

Cluster  Population Yield/ Branches Seed/ 109_5eed Days to Daysto EAf. Pods/ % Seed'
No in cluster plant /plant pod weight flowering maturit leat lant rotein density
: (gm) (gm) g Voaxils P P (gm.fcc)

(1) (2 (3 4 (5) (6) (7) 8) (9 (10) (11) (12)
I 5 5.21 0.77 11.49 3.15 30.46 64.13 29.08 16.37 26.65 1.32

IT 5 3.54 0.84 10.32 2.72 42.67 69.07 24.00 14.35 26.09 1.26

IIr 2 5.93 1.23 10.51 3.90 4217 67.83 29.08 16.90 26.73 1.41

v 2 8.88 1.80 11.36 4.03 44.00 67.50 25.26 23.37 26.34 1.33

vV 5 5.07 0.92 11.48 2.79 42.00 66.33 28.93 17.71 25.61 1.40

VI 3 8.31 1.40 12.01 2.44 44.22 71.67 26.50 25.42 25.88 1.35
VIl 1 6.30 2.13 11.27 4.12 47.33 75.33 19.11 14.27 28.70 1.55
VIIT 1 5.15 2.07 10.62 3.29 43.00 75.67 25.27 17.07 26.93 1.34
IX 1 4.51 1.53 9.82 2.07 44.00 75.33 21.82 16.03 27.48 1.22

X 1 5.07 1.33 10.30 3.79 42.33 65.00 33.06 14.73 26.69 1.33

X1 1 2.03 0.33 8.30 311 48.33 71.33 22.43 8.30 25.57 1.23
XII 1 5.67 1.97 9.89 4.66 46.67 79.00 26.25 13.48 26.65 1.37
XIII 1 4.61 1.53 9.26 3.19 45.33 83.00 26.10 13.33 28.27 1.22
XIV 1 6.99 1.53 11.80 2.55 45.33 81.33 22.15 20.40 25.45 1.26
XV 1 10.30 1.87 12.41 3.01 43.00 81.33 27.39 27.10 26.73 1.35
XV 1 9.42 2.47 11.83 3.21 51.33 81.00 23.14 18.99 26.26 1.36
XVIT 1 4.52 2.55 11.49 2.88 59.00 83.67 22.38 14.60 25.12 1.30
XVIIT 1 5.36 1.67 11.12 3.13 56.67 85.67 31.79 18.31 25.03 1.38
XIX 1 3.82 3.12 9.82 2.38 84.00 108.67 25.35 17.95 29.14 1.27
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Table 3. Canonical analysis of 35 mung bean genotypes
Canonical Yll:rli per Branches/ Seeds/pod ;0(1) S;:‘fd Daysto Days to Eff. leaf Pods/ % Seed
vectors p plant po I8 flowering maturity axils plant protein  density
(gm.) (gm.)
Z, 0.0154 0.1393 —0.0340 0.0125 0.6614 0.6966 —0.1766 —0.1474 0.0267 0.0509
Z, 0.1601 0.0246 0.1597 —0.3110 0.0711 —0.1487 —0.0447 —0.0310 0.0492 0.9049
Z, —0.1949 0.0454 —0.0834 0.7878  0.2354 —0.1357 0.2028 0.2847 0.0414 0.2998

Variation accounted for by A1 = 60.1%; 42 = 19.9%; 13 = 8.5%.

Table 4. Relationship between genetic diversity and hetevosis tn vespect of thvee important chavacters
in 25 khavif-grown mung bean hybdrids

Divergence (D2}

between

Per cent heterosis over mid-parent

D . o
Cross parental SO%ZS to igd;) f Grain yield/
clusters flowering pod plant (gm.)
BR-2 x Pusa Baisakhi 35.10 —20.07%* 16.02%* 107.59**
BR-2 x T-44 35.10 —34.95%* 11.12* 6.09
B-1 x BR-2 33.21 —32.11%* 10.85%* 61.99**
BR-2 x Hyb. 45 20.70 —27.02%* 13.09* 105.45%*
K-11 x T-44 15.93 —21.21%* 5.68 115.34%%
T-44 x Hyb. 45 15.52 —22.08** 3.25 22.67
B-1 X Hyb. 45 14.99 —10.28*%* — 0.81 71.81%%
Hyb. 45 x Madira 14.99 — 7.79%* 6.02 41.78
K-11 x B-1 14.67 —15.58*%*% — 8.88 —11.36
J-781 X Madira 14.31 9.44** —21.42** —60.04%*
B-1 x J-781 14.31 — 2.57 — 7.19 — 2.38
K-11 x Khargone-1 13.87 —14.28%% - 14.52%* 50.40*
J-781 x R-1 9.81 1.87 8.23 13.99
J-781 x Pusa Baisakhi 12.36 — 2.67 — 4.04 —27.43
R-1 X Madira 9.73 2.40 — 7.56 —25.47
Khargone-t x J-781 9.32 4.80 9.52 14.75
B-1 X T-44 6.36 — 1.98 2.42 42.97
Pusa Baisakhi x Madira 6.36 0.00 3.19 9.39
Khargone-1 X Madira 6.09 — 4.69 — 5.32 32.52
Khargone-1 x R-1 5.11 0.02 1.24 — 0.28
Pusa Baisakhi x R-1 4.98 4.80 10.50* — 1.38
T-44 X R-1 4.98 — 5.2% 0.87 33.48
Khargone-1 X Pusa Baisakhi 4.97 0.00 7.87 25.19
K-11 x Hyb. 45 4.80 —25.64%* — 4.42 71.86**
K-11 x BR-2 19.85 —39.84%* 15.53%%  447.50%*

was close correspondence of the values of the three
largest canonical vectors (45.09, 62.40 and 27.50 for
T-44 and 45.75, 61.671 and 27.44 for ‘Pusa Baisakhi’).
A comparison of the performance of these two geno-
types for several developmental characters, yield
components and protein (25.62 and 25.329,) and
methionine content (2.43 and 2.90), showed very close
correspondence. This is perhaps to be expected since
‘Pusa Baisakhi’ is reported to be a selection from
T. 44, apparently for synchronous maturity.

The concordance between the other pair of parents
falling in the same cluster (B-1 and ‘Madira’) was
not so marked. The distance (D% = 24.8) between
these genotypes was greater. The values for the three
largest canonical vectors for B-1 were 47.65, 64.98 and
27.64, while those for ‘Madira’ were 45.34, 66.90 and
34.02. It would appear that these genotypes are not
as close genetically as are T. 44 and ‘Pusa Baisakhi’.
The resemblance between B. 1 and ‘Madira’ may be
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the result of selection for similar ecological condi-
tions.

The relationship between genetic distance as asses-
sed by D? analysis and heterosis over mid-parent has
been studied for an important developmental charac-
ter, an important component of yield and grain yield/
plant (Table 4). In general, there was fair agreement
between the extent of heterosis and the distance
between clusters in which the two parents fall. In
the case of flowering time, all except one of the
crosses from clusters separated by more than 10 units
showed highly significant heterosis for flowering.
Similarly, for number of seeds/pod, all the crosses
from clusters separated by more than 20 units showed
significant heterosis. For grain yield also it was gene-
rally established that to obtain heterosis, usually in a
desirable direction, the crosses would need to be made
between highly divergent varieties. Of course, it
should be realised that genetic diversity need not
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necessarily be correlated with heterosis, because of
internal balancing or even cancellation of the various
components of heterosis; such cancellation appears
to have operated for seed yield in several hybrids.
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