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ABSTRACT

Inheritance of eight agronomic traits, namely, leaf length, primary branches, days to flower,
days to maturity, pods/plant, seeds/pod, yleld/plant and 100-seed. weight were studied in four
interspecific crosses involving two chickpea varieties and C. reticulatum using the generation
means analysis. For leaf length, primary branches, days to flower and days to maturity both
additive and nonadditive gene effects were recorded. For yield/plant and 100-seed weight, d,
§, and § interactions were more important than other gene effects. For pods/plant, dominance
and i interaction effects were recorded. The preponderance of nonadditive gene effects indicates
that a poor gain under selection may be expected in these crosses.
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The yielding ability of the present chickpea varieties is relatively low. Yield
and yield traits are governed by both' additive and nonadditive gene effects in the
intervarietal crosses of chickpea [1-5].

The genus Cicer has 40 species, of which only one is cultivated. The cultivated
chickpea readily hybridizes with Cicer reticulatum. Hybrids between the two species
have normal meiosis [6] and pollen viability in F, is comparable to that’ of the
parents involved in a cross [7]. Moreno and Cubero [8] suggested that C. reticulatum
may be considered as a subspecies of C. arietinum. Several other crops, notably
oats, have benefitted from yield genes contributed by their wild relatives [9, 10]. It
is likely that chickpea would benefit from introgression of C. reticulatum genes [11].
The present study has been undertaken to estimate the gene effects controlling yield
and certain yield traits in the crosses between C. arietinum and C. reticulatum using
the generation means analysis [12, 13].

MATERIALS AND METHODS

Crosses were made between chickpea varieties T 3 (desi), ICC 8923 (kabuli),
and JM 2106 (C. reticulatum). Plots consisting of the parents, F,, F, and backcrosses
of the four crosses were grown according to the randomized block design with three
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replications. Each plot consisted of 3 rows for the parents, 1 row for F;, 8 rows
for F, and 2 rows each for the backcrosses. The row-to-row and plant-to-plant
distances were 45 and 15 cm, respectively. Nonexperimental rows were grown on
either sides of each plot in order to avoid border effects.

Observations were recorded on 10 plants in each plot of the parents and Fj,
20 plants from each backcross, and 100 plants from each F, plot selected randomly.
Data were recorded for leaf length, primary branches, days to flower, days to maturity,
pods/plant, seeds/pod, yield/plant, and 100-grain weight. The analysis of variance
was carried out according to the randomized block design [14], crosswise. The A,
B, C scaling tests [15, 16] and joint scaling test [17] were applied prior to the use of
the six-parameter model [12, 13] for the estimation of various genetic components.

RESULTS AND DISCUSSION

Seed set was obtained when the cultivated chickpea was used as male as well
- as female parent; the per cent of seed bearing pods ranged from 5.2 to 9.2 in
different cross combinations. Pod formation was marginally higher when it was used
as female (7.0 and 9.0%) than as male (5.2 and 5.3%). Pollen viability of the F,
hybrids was comparable to that of the three parents (Table 1). This indicated that
there was little evidence for selective elimination of gametes in the F, hybrids. This
was supported by seed set in all the pods of F, hybrids, and the pattern of segregation
for various characters in the F, populations (Fig. 1). The F, population showed
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Fig. 1. Frequency distribution for yield/plant (a), and 100-seed weight (b) in F, generation of crosses
between C. arietlnum (desi) T 3, (kabuli) ICC 8923 and C. reticulatum JM 2106. The mean of
the parents T 3 (P;), JM 2106 (P;) and ICC 8923 (P;) are presented as single points.
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wide transgressive segregation towards both higher and lower values for all the
characters, unimodal distribution and recovery of both parentil values [7]. Thus,
there was little evidence of zygotic elimination and as such the crosses between C.
reticulatum and C. arieinum may be treated as intervarietal crosses for genetic
analysis. The mean values of six generations in various crosses are presented in Table 2.

The analysis of variance revealed that the six generations differed significantly
for all the characters in all crosses, except for days to maturity (ICC 8923 x JM
2106), 100-seed weight (JM 2106 x T 3), yield/plant (T 3 x JM 2106 and JM 2106
ICC 8923), pods/plant (ICC 8923 x JM 2106 and its reciprocal), and seeds/pod (IM
2106 x ICC 8923) (Table 3). This seems to be due to lack of significant genetic
differences among the progenies (Table 2) and/or due to a larger error variance as
a result of sampling error and environmental effects on these traits.

, The A, B, C scaling tests and the joint scaling test agreed closely with each

other (Table 4), except in the case of leaf length in cross JM 2106 X T 3, where
the joint scaling test indicated epistasis, while the A, B, C scales did not. Estimation
of gene effects using the six-parameter model revealed the interaction component i
to be significant. Interestingly, for days to maturity in cross T 3 x JM 2106, the
A, B, C and the joint scalmg tests indicated epistasis but~the estimates of i, j and
I were nonsignificant. It is difficult to explain this discrepancy. Ketata et al. [18,
19] and Singh and Singh [20] concluded that the joint scaling test was more accurate
- for identification of interacting crosses. The findings of the present study agree with
these conclusions."

The six-parameter model was applied in all cases for estimation of the various
gene effects in view of epistasis indicated by A, B, C and the joint scaling tests
(Table 5). In case of leaf length, both additive and nonadditive gene effects were
important. For primary branches, dominance and interaction effects i, j, and 1seemed
to be more important than additive gene effects. Zafar and Abdullah [1] reported
additive gene action with some dominance for primary branches. In case of days to
flower, both additive and nonadditive gene effects were important [3]. Days to
maturity was governed primarily by additive gene effects, except for cross JM 2106

Table 1. Pollen fertility of the F; hybrids between C. arietinum and C. reticoistom

Parent/F, hybrid Pollen fertility, %

C. arietinum 97.2
(ev. T3) :

C. reticulatum 96.5
(IM 2106}

C. arietinum 94.7
{(ICC8923) ,

T3 % IM2106 . 93.6

1CC 8923 x JM 2106 : 94.0
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Taka.Gemﬁmmﬁsfwdiﬂmntmhfwrmm C. arfetinum and C. reticulatum

Cross P P, F, F, BC, BC,
Leaf length (cm):
T3 x JM 2106 6.9 5.3 6.7 5.9 6.7 5.6
IJM2106 X T3 , 5.2 6.6 68 6.0 6.1 6.5
ICC 8923 x JM 2106 6.7 52 6.8 5.8 56 5.1
JM 2106 x 1CC 8923 5.5 6.7 6.6 6.3 6.2 6.1
Primary branches: )
T3 x IM:2106 34 4.7 3.7 32 3.4 4.2
IM2106 X T3 5.0 32 4.9 39 3.7 34
1CC 8923 x JIM 2106 24 42 3.2 3.0 43 4.5
JM 2106 x ICC 8923 4.2 2.4 34 38 4.1 2.7
" Days to flower:
T3 x JM2106 80.0 93.0 90.6 82.6 76.6 93.6
JM 2106 x T3 92.0 7.0 85.6 89.0 92.0 75.0
ICC 8923 x JM 2106 75.3 94.6 94.3 89.0 74.0 89.0
IM 2106 x FCC 8923 101.3 75.6 91.0 90.3 84.0 69.6
Days to maturity: ] -
T3 x JM 2106 153.6 170.0 162.6 167.0 160.6 174.0
IM2106 x T3 175.6 150.3 175.3 167.6 1713 160.0
ICC 8923 x JM 2106 158.0 171.0 166.3 159.6 170.3 173.0
JM 2106 x ICC 8923 166.0 156.3 172.6 151.0 171.6 163.0
Pods/plant:
T3 x JM 2106 95.1 3.8 - 1738 78.7 129.5 9.9
JM2106 x T3 116.8 71.8 144.5 107.5 76.6 95.1
ICC 8923 x JM 2106 X 96.6 132.2 88.9 94.8 95.8
JM 2106 x ICC 8923 : 90.5 72.1 104.2 93.6 70.4 8.9
Seeds/pod:
T3 x JM 2106 1.1 0.9 1.0 1.1 11 1.0
JM2106 x T3 1.0 1.1 1.0 1.1 1.0 1.1
1CC 8923 x IM 2106 1.1 1.0 1.1 1.0 1.1 1.0
JM 2106 x ICC 8923 1.0 1.1 1.0 1.1 1.0 1.1
Yield/plant(g): )
T3 x JM 2106 20.2 13.1 28.8 15.4 12.3 23.0
JM 2106 x T3 14.2 183 27.3 19.5 15.8 2.7
1CC 8923 x JM 2106 18.4 15.6 39.3 15.6 15.4 15.9
JM 2106 x 1CC 8923 12.0 15.3 22 18.3 11.5 15.0
100-sced weight (g): )
T3 x IM2106 21.7 13.9 19.6 17.4 18.9 17.2
IM2106 X T3 15.0 20.3 17.9 179 18.1 19.1
ICC 8923 x IM 2106 20.0 14.6 205 17.6 15.6 157
IM 2106 X 1CC 8923 ) 13.8 14.1 13.6 13.0 17.7 16.5

P,—female parent, P,—male parent; BC,—first back-cross generation F, x P, BC,—first back-cross
generation F, X P,.
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Table 3. Analysis of variance for eight agronomic traits in different interspecific crosses
between C. arietinam and C. reticulatum

Source d.f. . Mean squares

primary  daysto leaf daysto pods seeds yield 100-
branches flower length maturity . per per per seed
plant plant plant  weight

T3 x JM 2106

Replications 2 0.1 4.4 0.1 6.5 03 0.004 314 09
Progenies s 1.0** 158.2**  1.3%** 157.2°* 3600.5**  0.01** 1674 21.1**
Error 10 0.1 8.8 0.2 99 6149  0.001 573 1.2
' ‘ JM 2106 X T3
Replications 2 0.3 4.1 0.0 669 1230  0.001 15 50
Progenies 5 1.7° 149.5%%  1.0*  294.0** 1996.4**  0.01** 73.0%* 9.2
Error 10 0.3 10.2 0.2 21 2127 0.001 79 1.7
1CC 8923 X JM 2106 )
Replications 2 0.1 9.0 0.0 57.6 63.6  0.002 62 0.1
Progenies 5 2.2% 2474** 1.6** 117.7 10208  0.009* 269.6** 180.9**
Error 10 0.2 354 0.1 483 3276 0.0 46 05
: JM 2106 X ICC 8923-
Replications 2 0.1 23.2 0.2 97  388.6 - 0.001 193 0.6
Progenies s 1.7** 3922°* 0.6 218.9** 5099  0.009 481 198
Error 10 0.1 158 . 0.1 3.2 4372 0.003 203 2.0

* **P<0.05 and 0.01, respectively.

X ICC 8923, where dominance and interaction effects were also iinportan‘t. For days
to maturity, Asawa and Tiwari [3] reported preponderance of additive component,
but Katiyar and Singh [4] found that nonadditive gene action played a major role.

For pods/plant, dominance gene effects and i and 1 interactions were more
important. Previous workers have reported the importance of both additive [1] and
nonadditive [1, 2, 5] gene effects for pods/plant, which is in agreement with the
findings of the present study. Both additive and dominance gene effects were involved
in the control of seeds/pod (Table 5). For seeds/pod, the nonadditive component
plays major role [2, 3]. Yield/plant was under the control of additive gene effects
‘and j and [ interactions, as reported earlier [3]. In case of 100-seed weight, the
interaction effects were more important than either additive or dominance effects.
Katiyar and Singh [4] reported predominance of additive gene effects for 100-seed
weight which, however, is not confirmed by our study.

‘The three-parameter model was applied to all the cases where scaling tests
indicated absence of epistasis as well as in cross T 3 X JM 2106 for days to maturity.
Leaf length and days to maturity were governed by additive gene effects in cross
T 3 x JM 2106 (Table 6). In cross JM 2106 X T 3, days to maturity was controlled
by both additive and, dominance gene effects.
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Tahlut.A,B,Acwmmhgusf«ywmmmmmem‘meen
C. arietinom and C. reticslatum

Character Cross Test
A B C joint scaling

7 test
Leaf length T3 x JM 2106 ns ns ns ns
IM2106 X T3 ns ns ns .=

1ICC 8923 x Jle% . b *s - o
JM 2106 x 1ICC 8923 ns * ns b
Primary T3 x IM2106 Lo ns ns " 2
branches IM2106 XT3 > . ns ns bt
’ ICC 8923 x IM 2106 ' *e . ns .
JM 2106 x ICC 8923 . ns * o
Daysto T3 x JM 2106 b ns . .
flower IM2106 XT3 ns * * -
1CC 8923 x JM 2106 - hs ns -
IM 2106 x-1CC 8923 ** ‘*‘. ns Ty
Days to T3 x IM2106 . ns * * o
maturity IM2106 x T3 , ns ns B ns
’ JM 2106 x ICC 8923 ’ ns as - o
Pods/plant T3 x IM2106 ns ns L -
JM2106 x T3 = ns s .
Seeds/pod T3 x IM 2106 ns . L34 '
JM2106 x T3 . . “ .
ICC 8923 x JM 2106 . ns * ns ‘ *
Yi'cldlplant IM2i06 XT3 b ns ns [
- 1CC 8923 x JM 2106 » * . .
100-seed T3 x JIM2106 . s ns .
weight - ICC8923 x JM 2106 * v . .
: IM 2106 x 1CC 8923 ~ ns i ns’ -

* **P<0.05 and 0.01, respectively. ns—uonsignificant.

The previous workers studied these gene effects in intervarietal crosses of
chickpea, while the present study is based on interspecific crosses. This may limit
the validity of comparison of the results from this study with those of earlier workers.
However, there was a general similarity between the present findings and those
from the earlier studies. :

It appears ‘that the interaction gene effects were more important than additive
and dominance effects in the control of most yield and yield traits in the crosses
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Table 5. Estimates of gene effects (six-parameter model) for yield and yield traits in
crosses between C. arietinum and C. reticulatum

ry

Cross m d fh i ] i
Leaf length
T3xIM2106 5.9+0.2* 1.1£0.3* 1.7%1.1 11211 02304 -0.3%1.8
IM2106 XT3 6.1:0.1** -03x0.1* 2.0+0.6* 1.1£0.4* 04402 -1.0%1.1
ICC 8923 x IM 2106 5.8%0.1** 0.510.1° —-0.8x06 . -17x06° ~0.3+0.2 5.9+0.9**
IM 2106 x ICC 8923 6.3£0.04** 0.1+0.1 —0.1£05 ~0.620.3 0.7x0.2** 1.5£1.1
Primary branches
T3 x IM2106 33200 -08202° 21207 2.4£0.7* 0.1+0.3 -23%1.2
IM2106 X T3 3.9+0.3** 0.30.1 -04x14 ~1.3+1.2 0.610.2* 5.0£19
1CC 8923 x IM 2106 3.1+0.1** -03%0.2 5.540.8** 5.6+£0.7** 0.740.3 -10.2+1.2**
JM 2106 x ICC 8923 3.9+0.1** 14£0.1** -1.5%0.7 ~1.6+0.8* 0.5+0.2* 1.4£09
Days to flower
T3 x IM 2106 B2.7£1.4* ~17.0£29** 14.2+8.4 10.048.2 ~10.5+3.1** 371133 -
IM2106 x T3 89.0+0.5** 17.0£2.8**  -21.8+6.7** -22.0%6.2** -10513.6** 30.3£12.8*
ICCRI2Ax IM2106  890+1.5** ~14.7+3.5** -200£10.1 -29.3193* ~-5.0+4.8 61.3:17.1**
IM2106 x ICC8923  90.3+3.2** 143428  -51.5£13.9** -540%139* 1.5£33 105.7£17.6**
. Days to maturity.
T3IxIM2106 167.0£1.7** ~13.742.5* 2.246.7 1.3485 ~52%2.9 -21.7£125
IM2106 XT3 167.7+2.4** 11.3+4.6* 43+140 = -8.0%133 ~1.3%5.5 ROIN6
IM2106 X ICCR923  151:0:4.6** 8.7%3.5* 76.8£19.8**  65.3%19.6"* 381428 -66.9+23.8*
. Pods per plaat
T3 x IM 2106 78.744.3** 29.6+21.6 23.3£48.8**  144.0147.0* 29.0+25.1 -66.1192.9
IM2106 XT3 - 107.5%9.3** ~18.545.7**  -39.41405 -86.6+38.8"  -38.0+8.3**  226.6+51.0**
Seeds per plant
T3 x M 2106 1.2+0.01** 0.1£0.03 ~0.1£0.1 —0.1£0.1 -0.1%£0.3 ~-0.240.1
IM2106 x T3 1.2£0.01**  —~0.1+£0.01**  —-0.2£0,05** -0.1+0.05*  0.004+0.01 ~0.1£0.1
ICC 8923 x IM 2106 1.1+0.02** 0.1+£0.04 ~0.120.1 -0.1£0.1 0.004+0.04 0.5+0.2
Yield per plant
IM2106 x T3 19.5+1.6**  ~7.941.5** 12.1£7.6 1.1+£7.2 -59+1.8** 6.9+10.2
ICC8923 x IM2106  15.7+1.3**  -0.5+03 21107 - -0.1%51 -1.9+1.2 50.2+19.4°
100-seed weight )
T3 x IM 2106 17.420.4** 1.8+08 45426 26+23 ~2.1+0.8* 0.2x43
ICCR923 x IM2106  17.740.2** 0.14£0.2 ~4.7+1.2* -79%1.1** -2.6%0.4* 21.0+1.8*
JM2106 X ICC8923  18.3+0.6** 1.2+0.4* ~0.6+3.0 49427 4.240.8* 12.4+3.9**

* **p< (.05 and 0.01, respectivelv.

Tms.mam,amnwmmwmmrammmgmm
C.arkthumandc.nﬁmlatqm

Cross Character Parameter

- m d h
T3 x IM2106 Leaf length 6.10£0.14** 0.80+0.13** 0.31 031
T3 x IM 2106 Days to maturity 164.56 + 1.09** 7.83+1.09* 0.86+1.57
IM2106 x T3 —do- 161.38 +2.58** 1L.20£2.40** 11.18 £4.34*

*, ** P<0.05 and 0.01, respectively.


http:0.80�0.13
http:6.10�0.14
http:0.1�0.04
http:0.1�0.0l
http:1.2�0.01
http:0.1�0.03
http:1.2�0.OJ
http:6.3�0.04

16 H. K. Jaiswal & B. D. Singh [Vol. 49, No. 1

between C. arietinum and C. reficulatum. It may be expected that progress under
selection in these crosses will be hampered by the preponderance of nonadditive
gene effects. This, in fact, has been the case in the experiments on selection for
yield and yield traits in these crosses [7].
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