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ABSTRACT

Combining ability and heterosis were studied in line Xtester crosses between 10 female
and 3 male parents for protein and methionine content in lentil. The gca and sca variances
showed that gene action was predominantly nonadditive for both characters. The varieties
Ranjan, Precoz and Pusa 4were good general combiners for protein and methionine content
(both in protein and floud. Only one cross, E 153 X K 75, showed significant sca effect for
protein content. Two crosses, NDL 1 X Pant L 234 and IC 78415 X Pant L 406 were good
specific combinations for methionine content alone (in protein as well as floud. BP
heterosis ranged from -13.0 to 12.2% for protein content. The BP heterosis ranged from 
18.6 to 27.20/. and from - 24.0 to 47.6% for methionine content in protein and flour,
respectively.

Key words: Combining ability, line x tester, heterosis, quality, Lens culinaris, lentil.

Information about the combining ability ofparents and nature of gene effects helps in
selection of suitable parents for hybridization, proper understanding o~ inheritance of
characters, and in isolating the promising hybrids for further explpitation in breeding
programmes. Several workers have studied combining ability for quality traits in various
pulse crops like mungbean [1, 21 and chickpea [31. However, in lentil, such studies are
limited to yield and yield components only [4-61 and no attempt seems to have been made
for quality characters, so far. The present study aims to obtain information on combining
ability and heterosis for protein and methionine content, the limiting essential amino acid
in lentil.

MATERIALS AND METHODS

Ten diverse genotypes of diverse ecogeographic origin (NDL 1, Ranjan, Precoz, Pusa 4,
IC 784013, EC 151015, IC 78415, E 153, E 258 and 1363) were crossed with three well adapted

'Present address: Division of Plant Breeding, Indian Institute of Pulses Research, Kanpur 208024.
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varieties (Pant L 234, Pant L 406 and K 75) as testers to produce 30 FIS in line x tester mating
design. All 30 hybrids and their 13 parents were grown together in randomized block design
with two replications. Each plot had a single row of 3 m length. The spacing was 30 cm
between.and 5 em within rows. All the recommended cultural practices were followed.
Combining ability analysis was done according to Kempthome [7] and Arunachalam [8].
The magnitude of heterosis was calculated over the better parent (BP).

The seeds harvested from Fl plants and their parents were used for the estimation of
protein and methionine content in flour. Total nitrogen content in flour was determined by
the procedure of Varley [9] with the help of Technicon Autoanalyser. Crude protein content
as percentage in flour was .obtained by multiplying nitrogen content with 6.25. Methionine
content (mg/lOO g of flour) was estimated by the colorimetric method described by
McCarthy and Paille [10] and was also calculated as per cent of protein to evaluate the
correlated response, if any, to change in protein content.

RESULTS AND DISCUSSION

Analysis of variance (Table 1) revealed highly significant differences for protein as well
as methionine content. The differences were significant among the lines, but nonsignificant

Table 1. Analysis of variance (mean squares), combining ability, and variance components for protein and
methionine content in lentil

Source dJ. Protein Methionine content
content in protein in flour

Replication 1 2.0 0.002 6.7

Treatments 42 5.7" 0.008" 1049.5"

(i) Parents 12 6.5" 0.003" 516.7"
(a) Among lines 9 8.6" 0.002" 599.1"
(b) Among testers 2 1.4 0.000 72.0
(c) Lines vs. testers 1 0.1 0.014" 664.6"

(ii) Hybrids 29 4.8" 0.009"" 1043.2"
(a) Due to lines 9 11.2" 0.002" 2877.8"
(b) Due to testers 2 0.6 0.001 33.1
(c) Due to lines x testers 18 2.1" 0.003" 228.1"

Parents vs. hybrids 1 20.6" 0.060" 7625.0"

Error 42 0.7 0.001 31.1

cigca 0.1 0.0002 22.7

cisca 0.7 0.0010 98.5

(a2sca/a 2gca)1/2 2.9 2.3500 4.3

•·..Significant at P =0.05 and 0.001, respectively.
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among the testers, for both characters. The line vs. testers component was significant only
for methionine content (in protein and flour). The hybrids differed significantly for both the
traits. The differences among hybrids due to lines and line x tester interaction were
significantbut nonsignificant due to testers for both the characters. A comparison of parents
vs. hybrids revealed highly significant differences between parents and hybrids for both
characters studied indicating a substantial amount of hybrid vigour in the crosses.

The magnitude of gca and sca variances (Table 1) revealed greater importance of the
latter for both characters, indicating predominance of nonadditive gene action in the
inheritance of these traits. Predominance of nonadditive gene action for protein [3] and
methionine content [1] was also reported earlier. Degree of dominance indicated over
dominance for both traits.

The estimates of gca effects of the parents (Table 2) revealed that the parents Ranjan,
Precoz, and Pusa 4 were good general combiner for protein and methionine content (in

Table 2. General combining ability (gca) effects and mean performance of parents for protein and
methionine content in lentil

Parent Protein content
gea mean

(%)

Methionine content
in protein in flour

gca mean gca mean
(%) (mg/l00 g)

Lines:

NOLI -2.1" 24.8 -0.09
..

0.61 -32.4" 150
Ranjan 1.2" 26.3 0.04" 0.62 18.3" 164
Precoz 1.4

..
21.0 0.09

..
0.62 28.9

..
162

Pusa4 2.6" 26.4 0.05
..

0.62 26.9" 130
IC 784013 -0.8' 23.0 -0.01 0.57 12.3" 126
EC 151015 -0.3 24.1 -0.01 0.57 -19.3" 114
IC78415 -0.7 22.3 -0.10" 0.54 -27.1

..
120

E153 -0.3 21.8 0.06"" 0.58 -7.7' 132
E258 -1.0" 20.6 -0.05" 0.55 -5.7' 138
1363 0.1 22.6 0.02' 0.55 5.6

.
124

SE (gO lines .:!: 0.4 0.01 2.3

Testers:

PantL234 0.0 23.5 -0.01 0.53 -0.9 124
PantL406 0.2 24.2 0.00 0.54 -0.5 130
K75 -0.2 22.6 0.01 0.52 1.5 118
SE (gO testers .:!: 0.2 0.01 1.3

Rank correlation 0.88" 0.94" 0.90"

•·..Significant at P =0.05 and 0.01, respectively.
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protein and flour). The association between gca effects and per se performance was
significant for both characters (Table 2). The understanding of combining ability effects
together with per se performance of parents and crosses provide guidelines for their further
use in generating useful breeding material [11]. The parents that appeared to be good on
the basis of their gca effects and per se performance were Ranjan and Pusa 4 for protein
content; Ranjan, Precoz and Pusa 4 for methionine content in protein and Ranjan and Precoz
in flour. In order to synthesize a dynamic population with most of the favourable genes, it
will be partinent to make use of the aforesaid parents in a multiple crossing programme.

Of the 30 crosses, only E 153 x K 75 showed significantly high sca effects for protein
content (Table 3). Four F1 hybrids exhibited significant positive sca effects for methionine
content in protein alone and eight crosses only in flour. Two crosses, NDL 1 x Pant L 406

Table 3. Heterosis (%) over better parent (BP) and specific combining ability (sea) effects for protein and
methionine content in lentil

Cross Protein content Methionine content
BP Sea in protein in flour

BP sea BP sea

NDL 1 X Pant L234 -10.6" -0.1 -3.1 0.05' -13.3" 9.6
,

NDL 1 xPant L406 -13.0" 0.9 -7.8 0.02 -20.0" 0.8

NDL 1 xK75 -6.8 1.0 -18.6" -0.06
..

-24.0" -8.8
,

Ranjan xPant L234 -1.7 0.3 -0.9 -0.05' -2.4 -11.1"

Ranjan xPant L406 -1.2 0.2 9.9' 0.02 8.5
,

6.5

RanjanxK75 -5.4 -0.5 15.4" 0.04' 8.5
,

4.5

Precoz x Pant L234 12.1" 0.6 12.4" -0.01 19.8" 12.3"

Precoz x Pant L406 8.z' 0.2 17.2" 0.02 5.4 -6.1

Precozx K75 9.9' -0.8 lS.r -0.01 10.2" -6.1

Pusa 4 xPant L234 6.1 1.1 13.0" 0.02 36.9" 4.3

Pusa 4 xPant L406 -1.3 -1.1 10.3' 0.00 38.S" -0.1

Pusa4xK7S 1.8 0.1 7.9 -0.02 36.9" -4.1

IC 784013 x Pant L234 3.7 0.9 10.2' 0.01 32.3" -4.1

IC 784013 x Pant L406 2.4 1.0 5.8 -0.01 13.9" 17.5"

IC 784013 x K7S -6.6 -1.9' 9.9' 0.00 47.6" 18.S"

EC 151015 x Pant L234 -5.5 -1.3' 7.2 0.01 6.5 -1.7

EC 15101S x Pant L406 2.1 0.4 2.9 -0.02 -1.S -6.1

(Contd.)
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Cross Protein content
BP sea

Mt>thionine content
.in protein in flour

BP sea BP sca

EC 151015 X K 75 3.2 0.9 11.0· 0.02 22.0
..

7.9

IC 78415 X Pant L 234 0.7 0.0 -6.1 -0.02 -3.2 -5.7

IC 78415 X Pant L 406 -0.1 0.3 5.9 0.04
.

6.2 -11.9··

IC 78415 X K 75 3.2 -0.3 -2.9 -0.02 1.7 -6.1

E 153 X Pant L 234 0.3 -004 20.5·· 0.01 16.7"· 8.9
.

E 153 x Pant L 406 -3.9 -1.0 10.3· -O.OS· 13.6·· 4.5

E 153x K 75 12.2-- 1.4· 27.2·· 0.04· 1.5 -13.5··

E 258 x Pant L 234 -4.6 -0.9 6.4 0.02 1.5 -7.1

E 258 x Pant L 406 0.3 0.7 -4.8 - 0.05· 5.8 -1.5

E258xK75 304 0.1 11.4
.

0.03 14.5
.

8,5
.

1363 x Pant L 234 3.2 -0.1 12.4-- -0.03 21.0·· - 804·

1363 x Pant L 406 2.0 0.1 24.0·· 0.03 29.2·· 9.2·

1363 x K 75 8.1· 0.1 19.4·· 0.00 29.0
..

-0.8

SE (sca efects) .:!: 0.6 • 0.02 3.9

SE (Si;-Skl) .:!: 0.9 0.03 5.6

•..·Significant at P = 0.05 and P= 0.01, respectively.

and IC 78415 X Pant L 406 distinguished by giving significant sca effects for methionine
simultaneously in protein and flour. The sca effects of different crosses indicated that high
gca of the parents was no guarantee of high sca ~ffects in different crosses. The BP heterosis
ranged from - 13.0% (NDL 1 X Pant L 406) to 12":'2% (E 153 X K 75) for protein content, from
- 18.6% (NDL 1 X K 75) to 27.2% (E 153 X K 75) for methionine content in protein, and from
- 24.0% (NDL 1 X K 75) to 47.6% (IC 784013 X K 75) in flour (Table 3). Five and 17 hybrids
displayed significantly positive BP heterosis for protein and methionine content (both in
protein and flour), respectively. Three hybrids, viz., Precoz X Pant L 234, Precoz X K 75 and
1363 X K 75 exhibited significant positive heterosis over BP for protein as well as methionine
content (in protein and flour).

The estimates of genetic variation influences breeding methodologies. A considerable
influence of nonadditive genetic variance as recorded for both traits would favour heterosis
breeding programme. But in crop like lentil, where it is not possible due to various
limitations including biological feasibility, heterosis breeding is ruled out. However,
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breeding methods like biparental mating and diallel selective mating [12], which provide
better opportunities for selection, recombination and accumulation of desired genes, can
usefully employed for exploitingnonadditive genetic variation. Crosses E153 x K 75, Ranjan
x K 75, Precoz x Pant L 234, IC 784013 x Pant L 406, IC 784013 x K 75, E 153 x Pant L 234, E
258 x K 75, and 1363x Pant L406, whichexhibited significant and positive BP heterosis along
with desirable sca effects for one or both characters would well be utilized in the breeding
programme for increasing the protein and methionine content in lentil.
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