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ABSTRACT

The present study was undertaken in three distinct environments (E1, E2, and E3) during the Rabi
season of 2022-2023 in Rajasthan. The experimental set comprised of 70 genotypes, including 19 parents, 48
crosses, and 3 checks (Niharika, VI-3, GI-2), which were assessed using a randomized block design with three
replications. The analysis of variance for combining ability revealed significant effects due to lines, testers, and
line x tester interactions across all three environments, except for specific traits in certain environments. The
parental lines L5, L10, and L7 demonstrated good general combining ability (GCA) effects across various traits.
The specific combining ability (SCA) effects were diverse, with several crosses displaying consistently high
effects, particularly for seed yield per plant, where crosses such as L11 x T3, L16 x T1, L6 x T2, L10 x T2, and
L7 x T1 exhibited the highest estimates. Overall, the study provides valuable insights into the combining ability
of Isabgol genotypes and their performance across different environments, contributing to the understanding of

traits and potential breeding strategies.

Key words: Combining ability, Gene action, Genotypes, Isabgol

INTRODUCTION

Plantago ovata Forsk. commonly known
as Isabgol a botanical gem cherished for its
medicinal properties and versatile applications.
The seeds hold medicinal significance, and the
drug is primarily composed of the light rosy-white
membranous covering of the seed which is
known as husk (Rohilla. et al., 2012). The seed
husk is renowned for their cooling and
demulcent properties, making them valuable in
addressing inflammatory and biliary disorders in
the digestive system (Beara et al., 2010). They
also help in alleviating rheumatic and gouty
swellings, as well as for managing dysentery and
intestinal irritation. In recent years, the demand
of Isabgol has been increased in the western
countries and it is traded in the major medicinal
drug market of the world. India currently
dominates the global production and export of
Isabgol. However, the productivity of Isabgol falls
significantly short of the required levels,
preventing India from fully satisfying global
demand. To maintain its monopoly in the export
of this valuable foreign exchange-earning
commodity, India must commit to intensive
initiatives aimed at breeding high-yielding
varieties characterized by husk with good
swelling capacity. Combining ability studies
constitute a pivotal component of crop breeding
programs, serving as a systematic tool to assess

the genetic potential of parental lines and their
ability to yield superior progeny when subjected
to hybridization. The combining ability studies
provide useful information regarding the
selection of suitable parents for effective
hybridization programme and at the same time
elucidates the nature and magnitude of gene
action. Since, the nature of gene action varies
with genetic architecture of population involved
in hybridization, it is necessary to evaluate the
parents for their combining ability.

MATERIALS AND METHOD

The experimental material comprised of
16 parental lines, 3 testers, 48 F; and three
checks viz., VI-3, GI-2 and Niharika. The lines,
testers and checks were obtained from AICRP M
& AP, Udaipur. These 48 F1 were obtained by
crossing 16 parental lines and 3 testers in Line x
Tester mating design. These 19 parents (16
lines and 3 testers) along with 48 F, crosses and
three checks were evaluated wusing a
Randomized Block Design with three replications
at three different locations (Instructional Farm,
Rajasthan College of Agriculture, Udaipur,
Agriculture Research Station, Banswara and
Krishi Vigyan Kendra- Chittorgarh) during Rabi,
2022-2023 (Table 1). The method of random
sampling was adopted for recording the
observations of various characters in Isabgol.
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The observations for important
morphological traits were recorded on randomly
selected ‘ten’ plants excluding the border plants
at both the extreme ends in each row.
Replication wise collected data of ‘ten’ plants
were averaged and resultant mean data were
used further for statistical analysis. Only two
observations viz., days to 50 per cent flowering
and days to maturity were recorded on plot
basis, whereas all the remaining observations
were recorded on plant basis.

Table 1: Details of Inbred lines, testers and

checks

| S.N. | Symbol/Code | InbredLines |
1 L UI-3-1
2 Lo ul-4
3 Ls ul-8
4 Ls ul-17
5 Ls Ul-81
6 Le Ul-80
7 Ly Ul-96
8 Ls Ul-97
9 Lo ul-123
10 Lo uUl-125
11 L14 Ul-158
12 L2 ul-427
13 L3 HI-2
14 L1a Ul-6-1
15 L1s DPO-6
16 L1s MIB-122
17 T Ul-2-1
18 T, ul-3
19 Ts ul-124
20 Checkq Niharika
21 Checkz VI-3
22 Checks Gl-2
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The data was subjected to ANOVA
following the standard procedures. Analysis of
variance (ANOVA) for all treatments was carried
out by the method Panse and Sukhatme, (1985)
and combining ability analysis and test of
significance of different genotypes was based on
the procedure suggested by Kempthorne (1957).

RESULTS AND DISCUSSION

The mean sum of squares due to lines,
testers, and line x tester were found to be
significant for all the characters in all the three
environments with the exception of testers for
days to maturity in E2, number of spikes per
plant in E1 and E3, length of peduncle in E1 and
E2, length of leaves in E1, number of spikelets
per spike in all the three environments, biological
yield in E1 and total soluble sugar in E1 and E2
environments. Significant mean squares due to
lines and testers indicated that lines and testers
played a significant role in the general combining
effects. Similar to lines x testers, significant
mean squares indicated a significant contribution
of crosses for specific combining (SCA) effects.
On pooled basis, mean squares due to lines,
testers and lines x testers were also found to be
significant for all the traits except length of
peduncle, husk recovery content due to tester.
Parents were categorized into high (good),
medium (average), and low (poor) combiners
based on their General Combining Ability (GCA)
effects, as outlined in Table 2.

Table 2: Classification of parents on the basis of general combining ability effects for various

characters over the environments

Pﬁrraei?sts T1 | T2| T3 | L1|L2|L3|L4|L5|L6|L7|L8| L9 |L10]L11|L12|L13[L14[L15|L16
Days to 50 per cent flowering P G A G 6 P P P G P P P P P A G P P A
Days to maturity P A A G 6 P G P G P P P G P G G P P P
Plant height (cm) G P P P A P P G A P P A G G G P A A P
Number of tillers per plant P G A A G P P G P A P P A G P P A P G
Number of spikes per plant P A A P P A A G P A G P G P P G A G P
Spike length (cm) P G A P G P P G P G P P P P P G G G P
Length of peduncle (cm) P A G P P P A G P P A P A P G P A G A
Length of leaves (cm) G P P P A G P G G P P P P G G G G G P
Number of leaves per plant G G P P G P P G P G G G G P G A A G P
Number of spikelets per spike A A P P P P P G P G P G P A G P G A P
1000 Seed weight (g) P G A G AP P G A A G P P A P A G G G
Seed yield per plant (g) A G P P A A A A G G P P G P P P P A P
Biological yield per plant (g) A G P P A G P A A G P P G A P P P P G
Harvest index (%) G A P G P P G A A G P P G P P P P A G
Swelling factor (cc/g) P G P P P P P G P G P P A P G P G G A
Husk recovery content (%) P P G p P P P P G G G P P G P G P P P
Husk yield per plant (g) A G P P A AP A G G P P G A P P P P G
Crude fiber (%) A P G P G G G G GG P P G P P G P G P
Total soluble sugar (mg/g) A P A P P G G G P G G G G G G P G G G

Good (G)=Desirable significant (+ or -) GCA effect, Average (A)=Desirable non-significant (+ or -) GCA effect, Poor

(P)=Undesirable significant (+ or -) GCA effect
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Parents with desirable and significant
GCA effects were considered good combiners
while parents showing nonsignificant estimates
but in desirable direction were classified as
average combiners. Poor combiners possess
undesirable GCA effects. Among all the lines,
these two lines L7, L10 were found to exhibit
significant GCA effects in desirable direction
within all three environments. The parental lines
L7, L10 were found as promising general
combiners for majority of the yield contributing
and seed quality traits. The parental lines L7
exhibited good general combining ability for
spike length, number of leaves per plant, number

of spikelets per spike, biological yield per plant,
harvest index swelling factor, husk recovery
content, crude fiber, total soluble sugar while the
parental lines L10 exhibited good general
combining ability for days to maturity, plant
height, number of spikes per plant, number of
leaves per plant, biological yield per plant,
harvest index, crude fiber, total soluble sugar.
Among all the three testers studied in this
investigation it was found that the tester T2
exhibited good general combining for majority of
the yield contributing and seed quality traits
along with the seed yield per plant.

Table 3: Significant specific combining ability (SCA) effect estimates of crosses in desirable dedrsfor

various traits over the environments

Traits
Crosses

Days to 50%
flowering

Plant height |No. of tillers
/plant

Days to
maturity (cm)

No. of
spikes/plant (cm)

Number of
leaves

Spike length Length of

peduncle (cm)

Length of
leaves (cm)

L1 X T1

L2 X T1 *% *

L3 X T1

L4 X T1

L5 X T1 *

LS X T1 *% *% *%
L7 X T1 * *k
Lg X T1 **

Lg X T1 *

L1ox T4

L1 x T4 >
L2 x T4

L13 X T1 *k *

L14 X T1 * *k
L1s X T4

L16 X T1

Ly x T,

Lz X Tz

L3 X T2 **
L4 X Tz

L5 X T2 *

Le X Tz

L7 X T2

Lg X Tz **
L9 X T2 *k * *k

L10 X T2 *k *%

L1 x T2

L1z x To

Lizx T, **
Ligx T,

|_15 X T2 *k *%
L1 x T2

L1 X T3 *% *k
L2 X T3

L3 X T3

L4 X T3 *k *%k

Lsx Ts **
Lex T3

L7 X T3 *% *

Lex T3

Lg X T3

L1O X T3 *%k *k
Ly xTs

L12 X T3

Liax Ts **

LiaxTs

Lis x T3

I—16 X T3 * *%

*k *k

*k *%

*k

*% *k

*k

*k

*% *k *k *k *%

*% *k

*k

*% *k *k

*% *k *k *

*%

*% *

*k

*%

*%

*k *k *

*% *% *% * *%

*% *% *%

*% *k

*%

*k

*%

*k *k

*k *k *k *k

*k *k

*% *%

*%
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Table 4: Four promising crosses identified on the basis of per se performance along with GCA and
SCA effects for seed yield per plant on the pooled basis

Traits No. of 1000 Seed | Biological | Harvest |Swelling Husk Husk |Crude Total soluble
S.No. Crosses spikelets | Seed |yield per | yield per | index | factor | recovery |yield per| fiber sugar (mglg)
per spike |weight (g)| plant plant (g9) (%) (cclg) |content (%)|plant(g)| (%) 9 99
1 L1 X T1
2 L2 X T1 *k *% * *k *%
3 L3 X T1 **
4 L4 X T1 *k *%
5 L5 X T1
6 Le X T1 ** *
7 L7 X T1 *%k *%* *%* *%k
8 Lg X T1 w*
9 Lg X T1 *
10 L10 X T1 *% *% *k
11 |_11 X T1 ** * **
12 L12 X T1 *% *% *% *k
13 L13 X T1 *% *% * *%
14 L14 X T1 *%k *%k * *% *k
15 |_15 X T1 *
16 L‘]G X 'I"1 *%* *%k * *%* *%* *%k
17 LixTe * > >
18 |_2 X T2 **
19 L3 X T2 *% * * *% *%
20 L4 X T2 *% *% *%
21 L5 X T2 * *% **
22 |_6 X T2 *%k *%* *%k *%* *%* *%k
23 LyxT2 * >
24 Ls X T2
25 Lg X T2 *%* *%k *%k
26 L10 X T2 *k *%* *%
27 L11 X T2
28 L12 X T2 *% *% *%
29 L13 X T2 * *% *% *%
30 L14 X T2 *%k * *%k *%k
31 L15 X T2 *%k *%k *%k *%k
32 |—16 X T2 ** **
33 LixTs > * * *
34 L2 X T3 ** *
35 L3 X T3 **
36 L4 X T3
37 L5 X T3 *% *% *% *% *%* *%
38 Le X T3 *
39 L7 X T3 *%k *%* *%* *%k *
40 L8 X T3 * *% *%* *%k *
41 Lg X T3 * **
42 L10 X 'I'3 *%k *%k *%k *%k
43 L11 X T3 *%k *% *%k * *%* *%* *%* *%*
44 L12 X T3 * *
45 L13 X T3 *%* * *%* *
46 LiaxTs * >
47 L15 X T3
48 L16 X T3 *k

(*, ** significant at 0.05 and 0.01 probability level, respectively)

A perusal of SCA effects among hybrids
revealed that maximum magnitude of positive
SCA effects for seed yield per plant were
displayed by the cross L11 x T3 followed by L16
x T1, L6 x T2, L10 x T2, L7 x T1. The crosses
L15 x T1, L6 x T2, L11 x T3 possessed positive
and significant values for SCA effects across the

all three environments as well as over the
environments. For husk vyield per plant, the
highest magnitudes of positive and significant
SCA effects displayed by the crosses were L11 x
T3 followed by L10 x T1, L7 x T3 on the pooled
basis. For other yield and seed quality attributing
traits the highest magnitude of positive and
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significant SCA effects displayed by L10 x T3
for1000-seed weight, L15 x T2 for number of
spikes per plant and L14 x T1 for spike length,
L10 x T3 for length of peduncle and total soluble
sugar, L15 x T1 for length of leaves, L3 x T1 for
number of leaves per plant, cross L15 x T1 for
husk per cent, L13 x T1 for number of spikelets
per spike, L5 x T3 for biological yield per plant,
L9 x T3 for harvest index. For quality traits,
maximum magnitudes of positive SCA effects by
cross L12 x T2 for swelling factor and L11 x T3
for crude fiber while L8 x T3 for husk recovery
content. Similar findings for identification of
superior hybrids based on SCA effects for seed
yield and its components were also reported by
Ardelean et al. (2006) in foxglove, Singh and Lal
(2009), Sarkar and Lal (2018) and Singh and
Saxena (2019) in Isabgol. In the present
investigation, crosses with significant high SCA
effects for different traits were found involving all
kinds of combinations, viz.,, High x High,
High x Low, Low x High, and Low x Low general
combiners. Among 48 crosses, the four
promising crosses that L7 x T1, L10 x T1, L10 x
T2, L6 x T2 exhibited the high per se
performance as well positive significant SCA
effects for seed vyield per plant and as well as
husk yield per plant on the pooled basis. Ahmad
et al. (2017) and Yadav et al. (2023) also
reported similar findings The Cross L7 x T1 and
L10 x T1 were obtained by crossing between
parents with good x poor GCA effects whereas,
crosses L10 x T2 and L6 x T2 were obtained by
crossing between good x good GCA effect
parents for seed yield per plant. High SCA
effects resulting from crosses where both
parents are good general combiners (i.e., good
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