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Abstract Seed size, determined by 100-seed weight,
is an important yield component and trade value trait
in kabuli chickpea. In the present investigation, the
small seeded kabuli genotype ICC 16644 was crossed
with four genotypes (JGK 2, KAK 2, KRIPA and ICC
17109) and F,, F, and F; populations were developed
to study the gene action involved in seed size and other
yield attributing traits. Scaling test and joint scaling
test revealed the presence of epistasis for days to first
flower, days to maturity, plant height, number of pods
per plant, number of seeds per plant, number of seeds
per pod, biological yield per plant, grain yield per
plant and 100-seed weight. Additive, additive x ad-
ditive and dominance x dominance effects were
found to govern days to first flower. Days to maturity
and plant height were under the control of both the
main as well as interaction effects. Number of seeds
per pod was predominantly under the control of
additive and additive x additive effects. For grain
yield per plant, additive and dominance x dominance
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effects were significant in the cross ICC
16644 x KAK 2, whereas, additive x additive
effects were important in the cross ICC

16644 x JGK 2. Additive, dominance and epistatic
effects influenced seed size. The study emphasized the
existence of duplicate epistasis for most of the traits.
To explore both additive and non-additive gene
actions for phenological traits and yield traits, selec-
tion in later generations would be more effective.

Keywords Chickpea - Cicer arietinum - Generation
mean analysis - Additive - Dominance - Epistasis -
Seed size

Introduction

Chickpea (Cicer arietinum L.), a self-pollinated
diploid (2n = 2x = 16) crop species with a genome
size of 740 Mb, is the second most important food
legume after common bean (Phaseolus vulgaris L.) in
terms of annual production (FAOSTAT 2016). It is
grown in more than 55 countries on 12.65 million ha
with 12.09 million tons of production and 956 kg ha™'
average productivity (FAOSTAT 2016). Seed size
determined by 100-seed weight has always been a trait
of consumer preference in chickpea (Singh 1987),
besides an important component of yield and adapta-
tion (Singh and Paroda 1986). A wide range of genetic
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variability is present for seed size in chickpea. Large-
seeded kabuli types are gaining importance, as the
kabuli chickpea receives higher market premium
compared to desi chickpea (Upadhyaya et al. 2006).
Very large seeded (> 45 g) kabuli chickpeas are being
sold at about three times the price of desi chickpea and
about two times the price of medium-seeded (~ 25 g)
kabuli chickpea in India (Gaur et al. 2006). It has also
been considered as an important factor for subsequent
plant growth parameters including germination, seed-
ling vigour and seedling mass (Narayanan et al. 1981;
Dahiya et al. 1985). A better understanding of gene
actions involved in seed size will facilitate breeding
for large seed size in kabuli chickpea. Earlier studies
have reported monogenic (Argikar 1956), digenic
(Ghatge 1993; Upadhyaya et al. 2006; Hossain et al.
2010), oligogenic (Patil and D’Cruze 1964) and
polygenic (Niknejad et al. 1971; Kumar and Singh
1995; Malhotra et al. 1997; Kumhar et al. 2013)
inheritance of seed size depending on the number of
genes segregating in the populations studied. Accord-
ing to Athwal and Sandha (1967), Smithson et al.
(1985) and Kumar and Singh (1995), small seed size
was dominant over large one. In contrast, Niknejad
et al. (1971) stated that large seed size was partially
dominant over the small seed size. Both additive and
dominance genetic effects have been reported to be
important for seed size by previous researchers (Girase
and Deshmukh 2000; Karami and Talebi 2013;
Kumhar et al. 2013). As the additive gene action
relates to homozygosity, standard selection proce-
dures (like mass selection, progeny selection, etc.)
would be advantageous for traits controlled by such
additive genes, whereas production of hybrids will
benefit in the presence of dominance genes (Edwards
et al. 1975). Presence of non-allelic interactions also
contributed significantly to the inheritance of quanti-
tative traits (Malhotra and Singh 1989). Girase and
Deshmukh (2000), Bhardwaj and Sandhu (2007),
Hossain et al. (2010), Kumar et al. (2013) and Sharma
et al. (2013) reported the contribution of non-allelic
interaction for seed size. The aim of this study was to
estimate the components of genetic variation for seed
size and other traits in chickpea using generation mean
analysis (Hayman 1958; Mather 1949).
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Materials and methods
Experimental procedure

The parental genotypes included five kabuli chickpea
genotypes (ICC 16644, JGK 2, KAK 2, KRIPA and
ICC 17109). Four F;s were developed by crossing ICC
16644 with JGK 2, KAK 2, KRIPA and ICC 17109
and consequently F, and F; populations by selfing
respective Fis. In the study, the crosses ICC
16644 x JGK 2, ICC 16644 x KAK 2, ICC
16644 x KRIPA and ICC 16644 x ICC 17109 were
designated as C;, C,, C3 and Cy, respectively. The P,
P,, F;, F, and F; of four crosses were evaluated in a
compact family block design with three replications
during post-rainy season of 2013-2014 in vertisol at
ICRISAT, Patancheru, India. The plots of different
generations contained different number of rows, i.e.,
two rows of parents, one row of F;, and six rows each
of F, and F; generations. Seeds were treated before
sowing with a mixture of 2 g of thiram and 1 g of
carbendazim kg~ ' of seed. The seeds were sown at a
wider spacing of 60 cm x 20 cm with single seed per
hill in 4 m long row. Care was taken to sow the seeds
at uniform depth (5 cm). All the recommended
agronomical practices and necessary plant protection
measures were followed to raise a healthy crop. The
traits assessed were days to first flower, days to
maturity, plant height at maturity (cm), number of
pods per plant, number of seeds per plant, number of
seeds per pod, grain yield per plant (g), biological
yield per plant (g) and seed size (100-seed weight in
g). The sample sizes (i.e., numbers of plants analyzed
per cross) for the experiment varied from 18 plants
each in Py, P, and F;; 210 plants each in F, and 210
progenies in each F;.

Generation means analyses of five populations (P,
P,, Fy, F; and F;) and associated scaling tests (Mather
1949) were performed based on the assumption that
populations have non-homogeneous variances
(Mather and Jinks 1971). The validity of the addi-
tive-dominance model for scaling test and joint scaling
test were examined using WINDOSTAT version 9.1
software (Indostat services, Hyderabad, India). The
mean and variance were calculated as suggested by
Hayman (1958). The generation means of traits were
used to perform a simple scaling test to test the
adequacy of additive—dominance model. The scaling
tests, as given by Mather (1949) and Hayman and
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Mather (1955) were used. Significance of any one or
two scaling tests implies the inadequacy of additive—
dominance model. The C and D scaling tests provide a
test for dominance x dominance (1) and addi-
tive x additive (i) types of epistasis, respectively.
Gene effects were estimated by joint scaling test as
proposed by Hayman (1958) using WINDOSTAT.
This program first tries to fit three parameter model,
deletes those with t-values < 2.0, then tests the model
significance by weighted > test. If significant, the
program tries to fit a five-parameter model (m = mid
parental values, d = additive effects, h = dominance
effects, 1 = additive x additive, 1 = domi-
nance X dominance) with a step-down for non-sig-
nificant parameters. If all the parameters are
significant then it computes weighted y test for joint
scaling test. These parameters were estimated by
weighted least squares method. The purpose of using
weights was to account for differential precision with
which means of different generations were estimated
by virtue of the varying sample size.

Calculgtionsﬁ o
C = 4F,—2F,—P,—P,,

D = 4F;-2F,—P,;—P,,
Mean (m) = F,

1_ 1~
Additive effect (d) = EPI — EPz,

Dominance effect (h) = (4F; + 12F, — 16F3)/6,

Dominance X Dominance (1)
= (8F) — 24F, + 16F3)/3,

_ _ 1 _ _
Additive x Additive (i) = Py — Fy + 5 (P1 — P,

1
h)—-.
+)4

The variances of the estimates were computed using
following formulae

Ve = 16V(F,) +4V(F)) + V(Py) + V(Py),
Vp = 16V(F3) +4V(F,) + V(P;) + V(P,),

Vi = V(F,),

Vo = VP)+V ()

Vi = [16V(F)) + 144V (F,) + 256V (F3)]/36,

V), == 256V(F3) + 576V (F,) + 64V(F})]/9,

Vi = VPRV (E)+ G VIP)+V(P) + Vi1 (V)
where Py, P,, F;, F», and F; are the means of female
parent, male parent, F;, F, and F;, respectively; and
V(P,), V(P,), V(F)), V(F,), and V(F;) are the
variances of female parent, male parent, F;, F, and
F3, respectively.

Results

Phenological traits, plant height and biological
yield

Large variability in the mean performance (Table 1)
for all the basic generations Py, P,, F, F, and F; was
observed for phenological traits, i.e., days to first
flower and days to maturity. The mean performance of
F;s exceeded the duration of late maturing parent
suggesting the presence of over-dominance to those
for early phenology. Either or both the C and D scale
estimates showed significant deviation from zero for
the phenological traits (Table 2) in all the four crosses
which revealed the inadequacy of simple additive—
dominance model and the presence of non-allelic
interaction for these traits. The mean effect of F,
performance (m) was highly significant in all the
crosses. The additive effect (d), was found to be
important in governing the phenological traits in all
the crosses, whereas the dominance gene effect
(h) was significant only for days to maturity in all
the crosses except C,. The analysis of interaction
effect revealed that both additive x additive (i) and
dominance x dominance (1) interactions were playing
important role in governing phenological traits in all
the crosses except C,, where only additive x additive
interaction was significant. The gene action was
considered to be of duplicate type for days to first
flower since the estimates of dominance and domi-
nance X dominance had opposite signs. Days to
maturity had duplicate gene effects in the crosses C;

@ Springer



63 Page 4 of 11 Euphytica (2018)214:63

Table 1 Means and standard errors (£) for various traits in five generations of each of the four crosses of chickpea

Characters P, P, F, F, F;s

Days to first flower
ICC 16644 x JGK 2

Means 30.33 34.95 50.47 40.12 43.44

Std. errors + 0.18 + 0.18 + 0.26 + 0.53 + 0.54
ICC 16644 x KAK 2

Means 31.50 36.77 51.33 47.30 47.64

Std. errors + 0.18 £ 0.18 + 0.33 £ 0.76 +0.73
ICC 16644 x KRIPA

Means 30.70 38.70 52.97 42.31 45.48

Std. errors + 0.24 +0.13 + 0.26 + 0.64 + 0.69
ICC 16644 x ICC 17109

Means 31.36 38.20 53.40 42.51 46.03

Std. errors + 0.24 £ 0.17 + 0.26 + 0.64 £+ 0.72

Days to maturity
ICC 16644 x JGK 2

Means 81.10 85.50 92.40 87.06 87.12

Std. errors + 0.31 + 0.29 + 0.32 + 0.41 + 0.43
ICC 16644 x KAK 2

Means 80.47 85.53 90.77 93.15 93.27

Std. errors + 0.29 + 044 + 0.34 + 0.54 + 0.54
ICC 16644 x KRIPA

Means 80.63 89.20 94.00 90.21 94.61

Std. errors + 0.19 +0.24 + 0.39 + 0.59 + 0.72
ICC 16644 x ICC 17109

Means 81.36 90.50 96.47 91.24 95.36

Std. errors + 0.27 + 0.32 + 0.33 + 0.67 + 0.76

Plant height at maturity (cm)
ICC 16644 x JGK 2

Means 43.26 48.40 44.50 48.37 45.69

Std. errors + 1.47 + 1.26 + 0.77 + 0.39 + 0.39
ICC 16644 x KAK 2

Means 44.83 50.33 46.30 49.07 46.71

Std. errors + 0.67 + 1.10 + 1.09 + 0.37 + 044
ICC 16644 x KRIPA

Means 42.56 60.03 50.83 52.71 50.37

Std. errors + 1.00 + 0.69 + 0.56 + 041 + 0.50
ICC 16644 x ICC 17109

Means 44.96 59.43 49.53 50.78 49.34

Std. errors + 1.20 + 0.99 + 1.10 + 0.46 + 0.53

No. of pods per plant
ICC 16644 x JGK 2

Means 76.13 86.70 130.03 93.00 95.29

Std. errors + 475 +3.14 + 7.70 + 271 + 352
ICC 16644 x KAK 2

Means 80.80 76.93 109.30 76.41 89.83

@ Springer
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Table 1 continued

Characters P, P, F, F, Fs
Std. errors + 4.19 + 3.28 + 8.49 +2.74 + 3.26
ICC 16644 x KRIPA
Means 77.23 55.93 91.57 71.25 70.64
Std. errors + 291 + 3.44 + 572 + 2.13 + 2.65
ICC 16644 x ICC 17109
Means 75.43 47.97 85.33 64.46 66.58
Std. errors + 2.37 +3.53 + 7.55 + 2.19 +243
No. of seeds per plant
ICC 16644 x JGK 2
Means 85.63 91.00 131.13 99.84 101.40
Std. errors +4.72 + 3.47 + 7.77 +2.72 + 3.70
ICC 16644 x KAK 2
Means 85.50 95.60 110.50 92.08 108.82
Std. errors + 4.63 + 3.67 + 8.71 + 3.27 + 3.96
ICC 16644 x KRIPA
Means 85.23 59.27 93.83 76.38 75.95
Std. errors + 3.13 + 4.28 + 5.78 + 222 +2.83
ICC 16644 x ICC 17109
Means 82.66 50.53 88.07 69.32 73.18
Std. errors 2.55 3.86 + 8.13 + 2.37 + 2.65
No. of seeds per pod
ICC 16644 x JGK 2
Means 1.12 1.06 1.01 1.09 1.07
Std. errors + 0.02 + 0.01 + 0.01 + 0.01 + 0.01
ICC 16644 x KAK 2
Means 1.06 1.24 1.01 1.21 1.22
Std. errors =+ 0.01 =+ 0.01 + 0.01 =+ 0.01 =+ 0.01
ICC 16644 x KRIPA
Means 1.10 1.05 1.02 1.08 1.08
Std. errors + 0.01 + 0.02 + 0.01 + 0.01 + 0.01
ICC 16644 x ICC 17109
Means 1.12 1.05 1.02 1.08 1.10
Std. errors + 0.01 + 0.01 + 0.01 + 0.01 + 0.01
Grain yield per plant (g)
ICC 16644 x JGK 2
Means 24.00 32.88 36.64 33.23 30.74
Std. errors + 1.88 + 1.09 + 2.86 + 0.86 + 1.10
ICC 16644 x KAK 2
Means 23.81 35.55 33.31 26.76 29.73
Std. errors + 193 + 0.99 + 2.77 + 0.86 + 1.02
ICC 16644 x KRIPA
Means 23.39 28.74 33.27 28.54 26.32
Std. errors + 1.87 + 1.28 + 1.96 =+ 0.81 + 1.01
ICC 16644 x ICC 17109
Means 23.88 29.94 33.37 28.75 27.67
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Table 1 continued

Characters P, P> F, F, Fs
Std. errors + 1.88 + 1.37 + 3.36 + 0.88 + 0.94
Biological yield per plant (g)
ICC 16644 x JGK 2
Means 39.22 53.79 63.95 55.53 53.60
Std. errors + 2.96 + 1.57 +5.10 + 1.38 + 1.75
ICC 16644 x KAK 2
Means 43.27 57.32 60.58 49.29 57.01
Std. errors + 2.99 + 1.81 + 4.10 + 141 + 1.76
ICC 16644 x KRIPA
Means 40.58 49.61 57.31 51.79 49.93
Std. errors + 2.50 + 2.27 +2.94 + 1.39 + 1.70
ICC 16644 x ICC 17109
Means 43.30 49.53 61.75 48.71 52.96
Std. errors +2.83 + 2.017 + 534 + 1.55 + 1.68
100-Seed weight (g)
ICC 16644 x JGK 2
Means 25.21 36.00 26.43 33.85 30.79
Std. errors + 0.54 + 0.82 + 0.94 + 0.44 + 0.46
ICC 16644 x KAK 2
Means 24.16 41.62 30.27 30.15 28.68
Std. errors + 0.58 + 0.59 + 1.19 + 0.50 + 0.50
ICC 16644 x KRIPA
Means 26.98 47.76 35.61 37.86 34.33
Std. errors + 1.99 + 0.70 + 0.59 + 0.45 + 0.48
ICC 16644 x ICC 17109
Means 26.67 55.56 37.58 39.28 38.50
Std. errors + 1.71 + 0.56 + 0.89 + 0.53 + 0.54

and C,4, whereas it had complementary gene effect in
the cross C;.

For plant height, the character expressions in F;s
were closer to the short parent, ICC 16644 which
revealed that short plant height was partially dominant
over the tall plant height. Either or both of the scaling
tests were significant which revealed the importance
of epistasis for the trait. Both the main effects as well
as interaction effects were governing plant height in all
the four crosses except C4, whereas dominance gene
effects were not important in governing this trait. The
gene action was considered to be of duplicate type for
this trait.

For biological yield per plant, significant estimates
of C and D scale in crosses C, and C, indicated the
presence of epistasis for the trait in both the crosses.
The mean performance of F;s was found higher than

@ Springer

that of their respective parents for this trait. Additive
gene effect was important for all the crosses, while
dominance gene effect was important for the cross C,
only. Dominance gene effect played important role in
governing the trait in C, only. Among the interaction
effects, only dominance x dominance interaction was
important for the crosses C, and C4. The cross C,
exhibited both the main effects, i.e., additive and
dominance and interaction effect dominance x dom-
inance for the inheritance of this trait. The opposite
signs of dominance and dominance x dominance
revealed that duplicate epistasis was involved in
controlling the trait in the crosses C, and C,.



63

Page 7 of 11

63

Euphytica (2018)214

Kreyuowordwo)
aeordng
aeordng

Kreyuowardwo)

Kreyuowardwo)

Kreyuowordwo)

Kreyuawardwo)

qeordng

Kreyuowardwo)

Kreyuawodwo)
Kreyuawodwo)
eordng

Kreyuowardwo)

Jeordng
Jeoridng

Kreyuowordwo)
aeordng
aeordng
eordng

aeordng

eordng
eordng

eordng

(LEY F) LLO
(I8¢ F) 0¢'¥
L1y F) 5S¢
9T¥ F) 096 —

(€0°0 F) #xT1'0 —

(€00 F) +80°0 —
00 F) %600 —
(¥0'0 F) 100 —

(LEOT F) #xL1'1S
(€L°6 F) #+SL6€E
(LET F) #x1¥'T9
(961 F) SL'0T —

(65°6 F) 501
(0T'6 F) #+€1°CE
OT'TT F) ««ST'8Y
et ) Lyl —

(17T F) «x78'8 —
(20T F) #:0L°6 —

(ELT F) x091 —
©O¢TF) I€T —

(FTT F) #289°G1
(L8'T F) #x16°0C
(SL'T F) ssbTTT
(9€'T F) #8€°01

O1'CT F) #=L8°€El
(80°C F) #T9'11
(SET F) #x11°01
(L9'T F) #x£€91

(61 F) 65°CC
(T6'6 F) 080
(6711 F) #xTE€E
(8811 F) 61'F —

(L00 F) 100 —
(800 F) 110 —
(10 F) =870 —
(800 F) #x1€0 —

(T1'TE F) «SS°0L
(86°'LT F) 61't¥
(88°0F F) =xIt'8€1
(66'SE F) +8L'16

(I1L°6T F) %96'99
(16'9C F) 960§
(PO'9E F) sx¥T6ST
(SE°SE F) #xL60TT

(SL'9 F) #x06'SE
(LT'9 F) #+0T'€E
LTS F) ILS —
90'% F) #xLSP1

(TS's F) «v0'11 —

TSV F) wxSY'LL —
(08 F) #x50°0C —
(90 F) #=8S¥C —

(€79 F) #x18'LY
(6€'9 F) #xSESY
(I1€°S F) 95Tl

O1'S F) 49T’ SH

(I8¢ F) 956'1
OF'€ F) #«L0'6
(TL'e F) 95 —
(T6'€ F) +£6'8

(€0°0 F) 010 —
(€00 F) SO0 —
(€000 F) #x91°0 —
(€00 F) 100 —

O1°01 F) 12T
(866 F) 08'C1
(IL'ET F) =LETE —
Tyl F) 0L91

(1€'6 F) 97’8
(606 F) 91°ST
OL'TT F) s8¢l —
(2T0TT F) 85781

(EV'T F) #+08'L —
(8TT F) #2616 —
(81 F) 161 —
Tyl F) =6£°€

(€81 F) 10°€

(€91 F) #xL6V
(8S'T F) ssSt'Y
@1 F) #:9S¥

@eeH e —
(LTTF) s¢'1 —
(67T F) 6L'1

6LT F) 6’1 —

(LT'T F) x08'C
O1'1T F) LEO

(60T F) 4,8V
60T F) sttty

(10°0 F) 500
(00 F) #xL0°0
(00 F) #:+0°0
(100 F) xx£0°0

(€€°T F) #x68°S1
(P8'T F) x86'L1
(L6'T F) S¥'S —
(€6'C F) 89C

(ST'TF) #256'T1
(8T F) #5911
(99T F) 66T —
(S8 F) 8T'S

(1270 F) xx59'%
10 F) «8Ct
(9T°0 F) #x£S°C
(170 F) xx0T'C

(8L°0 F) wxLL'S
(2T9°0 F) #+€L9
(€9°0 F) 76T
(T0 F) #20°€

(ST°0 F) #S¥'€
F1°0 F) #00%
(€10 F) xxL9C
(€1°0 F) #8S'1

(68°0 F) #xSL'9T
(I8°0 F) #x¥S'8T
(98°0 F) #x9L'9C
(L8'0 F) #+E£TEE

= (100 F) «+80°1
= (100 F) 801
= (100 F) ««ITT
= (00 F) 601

= (LETF) #xTE'69
= (€TTF) «+6E£9L
(LT€ F) «x80°T6
(EL'T F) #+¥8°66

= (6I'TF) «97+9
= (ETTP) «STIL
(PL'TF) sexTVOL
(TL'T F) #x00°€6

(LY0 F) #+¥T'16
(65°0 F) #xTT06
FS0 F) «xS1°€6
(10 F) «x90°L8

9’0 F) #x6L0S
(I°0 F) #x1LCS
(LEO F) #6061
(50 F) #xLE8Y

#9°0 F) #x1STH
#9°0 F) #x1€°TH
(OL0 F) #«+0€'LY
(€5°0 F) #+C1°0F

(6L¥ F) 66
@6y F) el —
(F6'y F) #x590'1
(TTS F) 0v'0 —

(¥0'0 F) S0°0

(500 F) 800 —
(90°0 F) #x91°0
(500 F) L00 —

(€521 F) 11T
(v el F) 8y’ —
(P11 F) #x£0°0L —
(891 F) 6T°6C

(s 11 LSLT
(8€C1 P) 167
(ST'ST F) #xSL'8Y
(F19T F) =€€7T€E

(€€ F) 29T LT
(ST°€ F) #xL1'8T
(LY'T F) #xLL 0T
(S6'T F) wxlL'L

(08'C F) #£6°S —
(ISTF) #1501 —
(TE€TF) 99 —
(09T F) +S'T —

(LT°€ F) x09'6T
(80°€ F) #x06'LT
(TE'€ F) #1SL'LT
(I7'T F) #xL9'LT

(S6'L F) v6'C1 —
09°S F) T6'L —
(06’9 F) xx56°0T —
FO'L F) SLT

(¥0'0 F) 900
(¥0'0 F) 100
(S0°0 F) TS0
(F0'0 F) #+91°0

(Iv'6l F) 191¢ —
(99°G1 F) %29'9¢ —
(65TC F) 8L'€E —
(L8'61 F) x5S°6€ —

(0081 F) §9°C€ —
(SO°ST F) =1€7€€ —
(16°0C F) #x89°0L —
(IL61 F) %0605 —

(8L'T F) €0
0STF) o€
(€€°T F) #x90'ST
(6L1 F) SI'e —

8TEF) LT
(FE'T F) LST
(P6'T F) #2858
(F6'T F) #206'ST

(T F) «979 —
F9T F) =119 —
(P1°€ F) x4£€°81
OTT F) «xLT9 —

601LT DII X #¥991 DOI
VI X #7991 DOI
TAVI X $#$991 DII
TAODI X ¥17991 DOI
juerd 1od praIf urein
601LT DOI X #7991 DOI
VdAIIA X ##991 DI
TAVIA X $¥991 DII
TIOr X #7991 DI
pod 1od spass jo roquinN
601L1 DOI X ¥¥991 DOI
VAIIN X $#$991 DII
TAVI X $#$991 DII
TADI X ¥7991 DOI
jue[d 1od spass jo roquinN
601LT DOI X #1991 DOI
VAIIN X #7991 DII
TIAVIA X #7991 DOI
T D1 X %991 DI
juerd 1od spod jo roquiny
601LT DII X #¥991 DOI
VAIIN X $#$991 DII
TAVI X $#$991 DII
TAODL X ¥7991 DOI
Kumjew 0) skeq
601LT DOI X #7991 DOI
VAN X #7991 DI
TAVI X $¥991 DII
TAODI X ¥17991 DOI
Kumjew Je Yoy jue[d
601LT DOI X #7991 DOI
V4O X $#$991 DI
TAVI X $#$991 DII

TIDr X #7991 DI
Jomoy 151y 03 ske(q

uonode uan

P w

D

s1)owered onouan

BRI

$985010/519)08IeY D)

epow 1o)owered-oay Sursn eadyOIyd JO SISSOIO INOJ O} UI S}IEI) SNOLIRA I0J (UBAW JO gS F) $)09Jj0 auas pue (ueow Jo S F) 1s9) Sureds jo sojewnsy g d[qeL

pringer

As



63 Page 8 of 11

Euphytica (2018)214:63

Gene action

Genetic parameters

Scales

Table 2 continued
Characters/crosses

@ Springer

Biological yield per plant

7.89 (£ 6.96)
10.30 (& 6.67)

12.156 (+ 19.86)
71.29%% (4 18.33)

10.77 (£ 6.40)
— 13.07* (£ 6.13)

7.20%% (+ 1.68)

55.53%% (+ 1.38)
49.20%% (+ 1.41)

10.33 (£ 8.24)

26.88%* (+ 8.36)

1.21 (£ 12.08)
— 26.96* (£ 10.56)

ICC 16644 x JGK 2

Duplicate

6.02%% (+ 1.75)

ICC 16644 x KAK 2

1.44 (£ 6.01)
921 (& 7.17)

4.79 (£ 16.41)
57.40%* (£ 20.91)

8.64 (+ 5.69)
— 2.64 (£ 6.49)

4.51% (£ 1.71)
5.64%% (£ 1.74)

51.80%* (£ 1.34)
48.72%* (£ 1.56)

5.96 (£ 8.13)
26.63%* (& 8.41)

2.37 (+ 8.80)
~ 16.423 (£ 12.85)

ICC 16644 x KRIPA

Duplicate

ICC 16644 x ICC 17109

100-seed weight

Duplicate

16.19 (£ 1.71)
21.07#% (£ 1.93)
29.44%% (4 2.71)
32.35%% (& 2.63)

— 36.13%* (£ 4.97)

3.22% (£ 1.63)
3.99* (+ 1.85)
7.90%* (£ 1.62)

3.40%* (£ 0.49)
5.71%% (£ 0.42)
9.39%* (£ 1.06)
13.43%* (£ 0.90)

33.85%* (£ 0.44)
30.12%* (£ 0.50)
37.86%* (£ 0.45)
39.28%* (£ 0.53)

— 9.77%% (£ 2.26)
— 17.34%% (£ 2.39)

17.32%* (£ 2.76)
— 11.72%% (£ 3.33)

ICC 16644 x JGK 2

Duplicate

— 7.50 (£ 5.79)
— 24.83%% (+ 4.72)

ICC 16644 x KAK 2

Duplicate

15.13%* (£ 3.00)
— 8.82%* (£ 3.02)

3.49 (£ 3.03)
— 2.32 (£ 3.30)

ICC 16644 x KRIPA

— 8.67 (£ 5.68)

0.94 (£ 1.90)

ICC 16644 x ICC 17109

m Mean effect, d additive effect, # dominance effect, i additive x additive effect, / dominance x dominance effects

*P > 0.05, **P > 0.01

Seed size, grain yield and yield components

The mean performance of F;s generated from the
crosses revealed that smaller seed size was partially
dominant over larger seed size. Present study showed
that the F, performance (m) was highly significant in
all the crosses studied. Significance of either of the two
scales indicated the presence of non-allelic interac-
tions for seed size. Both the main effects, i.e., additive
and dominance were significant for the trait in all the
crosses except C4, where only additive gene action
was important. Additive x additive interaction was
found to be important in all the crosses except the cross
C,, where only dominance x dominance interaction
effect was important. Duplicate gene action was
recorded in all the crosses for seed size.

For grain yield per plant, the estimated values of
both scales C and D significantly deviated from zero
for the cross C, only. The additive effect was found to
be significant in all the crosses except C;. The
dominance gene effect played a significant role in
crosses C; and C;. Among interactions, domi-
nance x dominance effect was significant for C, and
C;, while additive x additive was important for the
cross C; only. Duplicate gene action was controlling
the trait in C; and C,.

Substantial amount of variability in the mean
performance for all generations was observed for
number of pods per plant. The mean performance of
F;s was found to be higher than either of the parents
and the scaling test revealed the presence of epistasis
for number of pods per plant in all the crosses, except
C,4. Additive effect was found to be important for the
crosses Cz and C,. Additive x additive and domi-
nance x dominance interactions were governing the
trait in all the crosses except C;, where only
dominance x dominance interaction was significant
in governing the trait. The same sign of dominance and
dominance x dominance interaction effects sug-
gested complementary type of epistasis in all the
crosses except C,, which exhibited duplicate gene
action for the trait.

The mean performance of F;s was found to be
higher than either of the parents for number of seeds
per plant. Significance of the scaling test revealed the
presence of epistasis for the character. Additive effect
was found to be important for the crosses C; and Cg,
whereas dominance effect was important for C; only
for number of seeds per plant. Additive x additive
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effect was important in the crosses C,, C3 and Cyg,
while dominance x dominance interaction was found
significant in all the crosses except C;. Duplicate gene
action was present in C3 and C,4, and complementary
type in C;.

Scaling test revealed the presence of epistasis for
number of seeds per pod in the crosses C; and C,. The
additive effect was governing the trait in all the
crosses, while the dominance effect was found to be
significant in the crosses C, and C4. Among the
interactions, dominance x dominance was significant
in C; and C, only. Additive x additive interaction
was important in all the crosses except C;. The same
sign of dominance and dominance x dominance
suggested complementary type of epistasis for number
of seeds per pod.

Discussion

In this study, the mean effect of F, performance
(m) was highly significant for all the characters in all
the crosses. The variability observed for all the traits in
F, and F; of all the four crosses suggests the scope for
improvement of these traits through selection. It was
observed that the estimate of a genetic parameter
significant for a particular trait in one cross was not
necessarily significant for the same trait in other
crosses, which revealed that the genetic behavior was
variable from cross to cross and trait to trait.

In addition to additive gene effects, additive x ad-
ditive and dominance x dominance effects had high
contribution in controlling the phenology. The nega-
tive estimate of additive x additive effects shows the
gene pairs responsible for phenology are in dispersive
form in their respective parents. The gene action was
considered to be duplicate type for the character, since
the estimates of dominance and dominance x domi-
nance effect had opposite signs. Dispersion of alleles
along with duplicate type of epistasis may lead to the
faulty selection in early generations of segregants
since presence of duplicate epistasis can hinder
progress and make it difficult to fix genotypes at a
high level of manifestation. Such gene effects can,
however, be exploited by inter-mating the selected
segregants and delaying the selection to advanced
generations. Other possibilities could be a diallel
selective mating system as proposed by Jensen (1970)
or the recurrent selection procedures (Singh and Power

1990). Transgressive segregation in F, generation had
been recorded for phenology as the mean value of F,
progenies was found higher than the parental means.
This might be due to the fact that alleles at multiple
loci that originated from different loci from both
parents recombine in the F; hybrids that might have
increased the value of phenotypes (Bell and Travia
2005).

For plant height at maturity, epistatic interactions
were significant along with main effects with duplicate
gene action. Negative sign of dominance x domi-
nance effect indicated ambidirectional dominance but
the positive sign of additive x additive effect
reflected the association of alleles in the parental
lines. Similar results were found by Bhardwaj and
Sandhu (2007) and Kumar et al. (2013), while
according to Girase and Deshmukh (2000) only main
effects, i.e., additive and dominance were important
for plant height in chickpea.

The main effect additive was governing biological
yield per plant in all the crosses, while dominance
effect was important for C, only. Additive gene effect,
dominance effect and dominance x dominance
effects were also important for this trait in C,. For
the cross C,4, additive effect and dominance x dom-
inance effect were important. Duplicate type of
epistasis was reported for the trait in both the crosses.
For the crosses C; and Cz, only additive effect and
dominance effect, respectively, were important. Since,
additive and non-additive gene action were important
for this trait, improvement may be possible by
delaying selection to later filial generations. These
findings are in agreement with Kumbhar et al. (2013).

For number of pods per plant and number of seeds per
plant, scaling tests indicated the presence of epistasis in
three crosses (C;, C,, and Csz). Dominance x domi-
nance component was higher in magnitude for the traits
number of pods per plant and number of seeds per plant
with complementary epistasis in C;. Also, positive sign
of dominance x dominance interaction showed unidi-
rectional dominance whereas, for C,4, in addition to
additive gene action, both the interaction effects were
also significant. Negative and significant value of
additive x additive interactions showed allelic disper-
sion in parents for both the traits. Additive gene effect
and additive x additive interaction were playing
important role for number of seeds per plant in cross
C;. In C,, along with dominance gene action both the
epistatic effects were important for number of seeds per

@ Springer
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plant, while for number of pods per plant only epistatic
effect was important. Pundir et al. (1991) and Panchbhai
et al. (1992) also reported non-additive gene action for
these traits. According to Girase and Deshmukh (2000)
and Srinivasan et al. (2011) only the main effects were
significant and there was no epistasis for these traits. The
dominance x dominance component was higher in
magnitude for these traits, hence selection should be
delayed up to few generations till the dominance
component is reduced.

All the components of gene action were found to be
important in governing the number of seeds per pod
which indicate the polygenic nature of the trait.
Additive gene action played an important role in
expression of the trait in all the crosses. Negative sign
of additive gene action suggested the existence of
higher proportion of alleles showing negative effect in
the parents. Among interactions, dominance x dom-
inance was important in C; and C,, while addi-
tive x additive was important in all the crosses except
in C; depicting the major role of additive x additive
gene action. Complementary type of epistasis was
observed for number of seeds per pod. Preponderance
of additive effect, additive x additive interaction,
along with complementary type of interaction showed
effectiveness of selection for improving this trait.
Similar results were observed by Bhardwaj and
Sandhu (2007) and Kumhar et al. (2013) in chickpea.

For seed size, the mean performance of F;s
generated from the crosses revealed partial dominance
of smaller seed size over larger seed size. Both the
main effects, i.e., additive and dominance were
important in all the crosses except C4 where only
additive effect was important. However, relatively
higher magnitude of additive gene effects revealed the
preponderance of additive gene action. The positive
sign of dominance effect showed that increasing
alleles were involved in dominant phenotype, i.e.,
small seed size. Dominance x dominance effect
governed the trait in C; and C; only. In all the crosses,
additive x additive interaction was important, except
in C;. Duplicate epistasis was evident from the
opposite signs of dominance effect and domi-
nance x dominance effect. Similar results were
reported by Bhardwaj and Sandhu (2007), while
Hossain et al. (2010) reported complementary gene
action for this trait. Positive sign for additive x ad-
ditive effect in all the crosses showed that there was
association of alleles in parents for the trait. However,

@ Springer

negative sign of dominance x dominance effect
indicated ambidirectional dominance. The genetic
control of seed size by additive and non-additive gene
action indicated that selection for large seed size in
early generations of C, would be effective.

Interestingly, for grain yield, differential role of
individual genes and their interactions were found to
be important in different crosses. The estimates of
both the scales C and D significantly deviated from
zero for the cross C, only. However, in the cross C;
interaction components were significant. Mather and
Jinks (1971) pointed out some conditions in which one
or more of these generations means (i.e., By, B,, F, and
F; means those referred to as A, B, C and D scales)
may not deviate significantly even when non-allelic
interactions are present. These conditions are (a) with
a dispersed pair of genes, the three groups of
interactions, additive x additive, additive x domi-
nance (j) and dominance x dominance may partly
cancel out, and (b) with more than two interacting
genes, cancellation can arise because of dispersion and
because the individual i’s, j’s and 1’s may differ from
one pair of interacting genes to another. Additive
effect, dominance effect and additive x additive
interaction were important for C; with preponderance
of additive x additive interaction. It indicated that
single plant selection should be delayed in segregating
generations to minimise the dominance and epistatic
effects. In C,, additive effect and dominance x dom-
inance interaction were governing the trait. In the
crosses C; and C,, both additive as well as non-
additive gene action were important with duplicate
type of epistasis governing the trait. Importance of
additive as well as non-additive gene actions for grain
yield was also reported by Bhardwaj et al. (2005), Deb
and Khaleque (2009) and Karami and Talebi (2013).
For the crosses C3 and C4, only dominance and
additive gene effects, respectively, were significant
and the absence of epistasis confirmed the results of
scaling test for this trait. Srinivasan et al. (2011)
reported that dominance effect in control condition,
while additive effect in saline condition were govern-
ing the grain yield in chickpea. However, difference in
gene actions among the crosses for grain yield in the
study indicated that the four male parents might be
different in their genetic constitutions.

In conclusion, seed size was controlled by both
additive and dominance effects as well as duplicate
epistasis. Similar trend was observed for phenological
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traits and yield traits, i.e., number of pods per plant,
number of seeds per plant and grain yield per plant.
These traits were controlled by both additive and non-
additive gene actions with duplicate type of epistasis
suggesting that the selection for these traits would be
more effective in later filial generations because useful
genes will be fixed by then due to breakage of
unfavourable linkages.
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