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ABSTRACT 

InherItaBce of eigIIt agroaomic traits, aamely, leaf leagtll, primary br'aDches, days to flower, 
days to maturity, podaIplant, seedslpod, yleldlplant and lOO-see1l weigllt weft studied in four 
iotenpedfk: cnmes lBvolvfng two dlickpea varieties and C. retkul!ttulll using the genentioo 
__ ....ysis. For leaf 1eDgtb, primary bl'lUldles, days to Oower and days to maturity both 
additive and Il9D8dditive gene efI'eetII weft ftCOI"IIed. For yield/Plant and lOG-seed weight, el, 
1, and IInteraetioDs were more IIIIportant Ibaa otber gene efI'eetII. For podaIplant, domiDance 
and i iateraetiuIl eIfec:t.s were recorded. The prepoocleraDce of nonadditive gene effects iodieates 
..... a poor pin under seIeetion may be expected lB these cnmes. 

Key words: CiaT arietinum, CiaT Teliculalllm, interspecific hybridization, gene effects. 

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 Cker has 40 species, of which only one is cultivated. The cultivated 
chickpea readily hybridizes with Cict:r reticulatum. Hybrids between the two species 
have nonnal 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. reticu/atum 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 MEmODS 

Crosses were made between chickpea varieties T 3 (desi), ICC 8923 (kabuli), 
and JM 2106 (c. reticulatum). Plots consisting of the parents, F~, F2 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 F2 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 FI> 
20 plants from each backcross, and 100 plants from each F2 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 staling 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 F2 populations (Fig. 1). The F2 population showed 
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Fig. I. 	Frequency distribution for yield/plant (a), and loo-seed weight (b) in Fz generation of crosseS 
between C. ariet/num (desi) T 3, (kabuli) ICC 8923 and C. reticu/atum JM 2106. The mean of 
the parents T 3 (PI ) ' JM 2106 (Pz) and ICC 8923 (PJ ) 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 parental values [7]. Thus, 
th,ere was little evidence of zygotic elimination and as such the crosses between C. 
reticulatum and C. arietinum may be treated as intervarietal crosses for genetic 
analysis. The mean values of six generations:n various crosses are presented in Table 2. 

The analysis of variance revealed that the six generations differed significantly 
for aU the characters in all crosses, except for days to maturity (ICC 8923 x 1M 
2106), l00-seed weight (1M 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 (1M 
2106 :x ICC 8923) (Table 3). This seems to be due to lack of significant genetic 
differe;nces 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 t«fst indicated epistasis, while the A, B, C scales did not. Estimation 
of gene effects using the six-parameter model revealed the interaction component t 
to be .,significant. Interestingly, for days to m~turity in cross T 3 x JM 2106, the 
A, B, C and the joint scaling tests indicated epistasis bUt"'the estimates of i, J and 
f were nonsi$Dificant. It is difficult .to explain this distrepancy. 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 C!f 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 iseemed 
to be more important than additive gene effects. Zalar and Abdullah [1] reponed 
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 additi'fe gene effects, except for cross JM 2106 

ParentIFl hybrid PoUen fertility, % 

C. arielinum 97.2 
(cv. T3) 

C. retkulatum 96.5 
(JM2106) 

C. llrietinum 94.7 
(ICC 8923) 

T3xJM2106 93.6 

ICC 8923 x 1M 2106 94.0 
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Table 2. Geaeratioo -us ror dill'erent dtancten ill rour crusses between C. arietlmJm and C. relkuIIItmD . 

Cross P, P2 F, F2 BC, BC2 

Leaf'leugtb (au): 

T3 x JM2106 6.9 5.3 6.7 5.9 6.7 5.6 
JM2106 x T3 5.2 6.6 6.8 6.0 6.1 6.5 
ICC 8923 x JM 2106 6.7 5.2 6.8 5.8 5.6 5.1 
JM2106 x ICC8923 5.5 6.7 6.6 6.3 6.2 6.1 

PrImary branches: 
T3 x JM.2106 3.4 4.7 3.7 3.2 3.4 4.2 
JM2106 x T3 5.0 3.2 4.9 3.9 3.7 3.4 
ICC 8923' x JM 2106 2.4 4.2 3.2 3.0 4.3 4.5 
JM 2106 x ICC 8923 4.2 2.4 3.4 3.8 4.1 2.7 

Days to flower: 
T3 x JM2106 SO.O 93.0 90.6 82.6 76.6 93.6 
JM2106 x T3 92.0 79.0 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 
JM 2106 x ICC 8923 101.3 75.6 91.0 90.3 84.0 69.6 

Days to maturity: "'
T3xJM2106 153.6 170.0 162.6 167.0 160.6 174.0 
JM2106x T3 175.6 150.3 175.3 167.6 171.3 160.0 
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 

PodsIp1ant: 
T3 x JM2106 95.1 93.8 173.8 78.7 1219.5 99.9 
JM2106 x T3 116.8 77.8 144.5 107.5 76.6 95.1 
ICC 8923 x JM 2106 79.0 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 83.9 

Seedsfpod: 
T3 x JM2106 1.1 0.9 1.0 1.1 1.1 1.0 
JM2106xT3 1.0 1.1 1.0 1.1 1.0 1.1 
ICC 8923 x JM 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 

Yieldlplallt(g): 
T3 x JM2106 20.2 13.1 28.8 15.4 12.3 23.0 
JM2106 x T3 14.2 18..3, 27.3 19.5 15.8 23.7 
ICC 8923 x JM 2106 "18.4 15.6 39.3 15.6 15.4 15.9 
JM 2106 x ICC 8923 12.0 15.3 22.2 18.3 11.5 15.0 

100-seed welgbt (g): 
T3x JM2106 21.7 13.9 19.6 17.4 18.9 17.2 
lM2106xT3 15.0 20.3 17.9 17.9 18.1 19.1 
ICC8923 x JM2106 ., 20.0 14.6 20.5 17.6 15.6 15.7 
JM2106 x ICC 8923 13.8 14.1 13.6 13.0 17.7 16.5 

P,lelPaie parent, P:z--m8Ie parent; BCr-first bac:k-cross generation FI x Ph BCr-first back-cross 
generation F, x P2• 
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Table 3. Analysis ." variance for eight agronomic traits in different interspecific cresses 
between C. arIetIIIu", and C. reticula""" 

Source d.f. Mean squares 

primal}' days to leaf days to 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 0.3 0.004 31.4 0.9 
Progeni~ 5 1.0"" 15S.2"" 1.3" 157.2" 3600.5** 0.01" 167.4 21.1" 
Error 10 0.1 S.S 0.2 9.9 614.9 0.001 57.3 1.2 

JM2106XT3 
Replications 2 0.3 4.1 0.0 66.9 123.0 0.001 1.5 5.0 
Progenies 5 1.7" 149.5"· 1.0" 294.0** 1996.4** 0.01 .... 73.W" 9.2 
Error 10 0.3 10.2 0.2 32.1 212.7 0.001 7.9 7.7 

ICC 8923 X JM 2106 
Replications 2 0.1 9.0 0.0 57.6 63.6 0.002 56.2 0.1 
Progenies 5 2.2** 247.4 .... 1.6** 117.7 1020.S 0.009" 269.6'" 180.9'
Error 10 0.2 35.4 0.1 48.3 327.6 0.002 44.6 0.5 

JM2106x ICC 8J.D.. 
Replications 2 0.1 23.2 0.2 9.7 388.6 OJ)()t 19.3 0.6 
Progenies 5 1.7· 392.2" 0.6 21S.9· 509.9 0.009 48.1 19.5-· 
Error 10 0.1 15.S 0.1 33.2 437.2 0.003 20.3 2.0 

• "P<O.05 and 0.01, respectively . 

x ICC 8923, where dominance and interaction effects were also important. 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 I 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 t 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 l00-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 1M 2106 (Table 6). In cross 1M 2106 x T 3, days to maturity was controlled 
by both additive and. dominance gene effects. 
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Table 4. A, B•. C IUId joint saIia& tests fer yield IUId yield Iraits In tile ttOSSeS betweell 
C. IIrietJmIm IUId C. retkuIatum 

Character Cross Test 

A B C j oint scaling 
test 

Leaf length T3 x JM2106 
JM2106x T3 
ICC 8923 x JM2106 
JM2106 x ICC8923 

ns 
ns 
•• 
ns 

ns 
ns 
.. .. 

• 

ns 
ns 
•• 
ns 

ns 

••.. 
Primary 
branches 

T3x JM2106 
JM2106xT3 
ICC 8923 x JM 2106 
JM2106 x ICC8923 

ns 
•• 
•• 
• 

ns 
ns 
• 

ns 

•• 
ns 
ns 
• 

••.... 
••... 

Days to 
flower 

T3 xJM2106 
JM2106xT3 
ICC8923 xJM2106 
JM 2106 x ICC 8923 

... 
ns 

•• 

ns 
• 

JIS.. 
.. .. 

.. 
ns 
ns 

... 
.. .. 
•• 
•• 

Days to 
maturity 

T3 x JM2106 
JM2106 x T3 
JM2106 x ICC 8923 

ns 
ns 
os 

ns 
ns 

.. 
os 
•• 

•• 
ns 
•• 

PodsIplant T3 x JM2106 
JM2106 x T3 

ns 
•• 

ns 
ns 

•• 
ns 

•• 

Seedslpod T3 x JM2106 
JM2106 xT3 
ICC 8923 x JM 2106 

os .. 
ns 

• 
•• .. 

••... 
ns 

... ... 
.. 

Yieldlplant JM2106 x T3 
. ICC8923 x JM2106 

•• 
• 

ns 
• 

ns •• 
• 

1()O.seed 
weight 

T3 x JM2106 
ICC 8923 x JM 2106 
JM2106 x ICC8923 

• 
•• 
ns 

os 
•• ... 

os 
•• 
ns 

.. 
• 

•• 

., ··P<O.05 and 0.01, respectively . DS-flOnsignificant. 

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 S. EstImates of geue effects (six-parameter model) for yield and yield traits in 

CI'QIlSeS betweea C. Ifrietiaum and C.· retkuIatum 


Cruss m a h J
• 

joint scaling 
test 

OS 
••,. 
., 

.-. 

., 

.os , 

,. 
., 
,. 
• 

" , 

, 
* 

" 

T3xJM2106 
JM2I06x T3 
ICC 8923 x JM2106 
JM 2106 x ICC 8923 

T3 xJM2106 
n.f2106x T3 
IC€ 8923 x JM 2106 
JM 2106 x ICC 8923 

T3 xJM2106 
JM2106x T3 
ICC 8923 x iM 2106 
JM 2106 x ICC 8923 

T3 x JM2106 
JM2106xT3 
JM2106 x ICC 8923 

T3xJM2106 

JM2106xT3 


T3 xJM2J06 
JM2106 x T3 
ICC 8923 x JM 2106 

JM2106 xT3 
ICC 8923 x JM 2106 

T3 xJM2106 
ICC 8923 x JM 2106 
1M 2106 x ICC 8923 

S.9±0.2" LI±0.3' 
6.l±0.1" -0.3±0.1" 
S.8±O.l" O.S±O.I* 
6.3±0.04** O.I±O.I 

3.3±0.1" -0.8±O.2* 
3.9±0.3·' O.HO.! 
3.1±0.1" -0.3±0.2 
3.9±O.l'· 1.4±0.1·' 

82.7±1.4" -17.0±2.9·· 
89.0±0.S'· 17.0±2.8·' 
89.0±l.S" -14.7±3.S** 
90.3±3.2" 14.H2.8·· 

I 67.0± 1.7" -13.7±2.S" 
167.7±2.4" 1l.3±4.6' 
lSl:0±4.6·' 8.7±3.S' 

7S.7±4.3·' 29.6±21.6 
107.S±9.3·' -lS.S±S.7·· 

1.2±0.OJ·· 0.1±0.03 
1.2±0.01" -0.1±0.0l'· 
J.I ±O.OZ" 0.1±0.04 

19.5±1.6" -7.9±I.S'· 
lS.7±1.3** -0.5±0.3 

17.4±0.4" U±O.S 
17.7±0.2" 0.1±0.2 
18.3±0.6" 1.2±9.4' 

Lear IeB&IJa 
I.7±U LI±LI 0.2±0.4 -0.HI.8 
2.0±O.6" U±0.4' 0.4±0.2 -I.O±I.I 

-O.8±0.6 -1.7±0.6' -0.3±0.2 S.9±0.9" 
-O.l±O.S -0.6±0.3 0.7±0.2'· I.5±LI 

PriIury brudIes 
2.l±O.7· 2A±0.7·' O.l±0.3 -2.3±1.2 

-0.HI.4 -1.3±1.2 0.6±0.2· S.0±1.9 
S.S±0.8·· S.6±0.7" 0.7±0.3 -10.2±1.2·· 

-1.5±0.7 -1.6±0.8· 0.S±0.2' I.HO.9 

Days to IIoww 
14.2±8.4 10.0±8.2 -10.S±3.l" 3.7±13.3 

-21.8±6.7·· -22.0±6.2'· -10.S±3.6" 3O.3±12.8· 
-20.0±10.l -29.3±9.3' -S.0±4.8 6l.3±17.1·· 
-SI.S±13.9" -54.0±13.9" I.S±3.3 IOS.7±17.6" 

Daysto........-.. 
2.2±6.7 1.3±8.5 -S.2±2.9 -21.7±12.S 
4.HI4.0 -8.0±13.3 -1.3±S.S 22.0±22.6 

76.8±19.8" 6S.3±19.6'· 3.8±42.S -66.9±23.8' 

,..per .... 
223.3±48.8·' 144.0±47.0' 29.0±2S.l -66.l±92.9 
-39A±40.S -86.6±38.S' -38.0±S.3·' 226.6±SI.0" 

Seeds per .... 
-O.l±O.1 -0.1±0.1 -O.I±0.3 -0.2±0.1 
-0.2±0.OS·' -O.I±O.OS· 0.004±0.01 -O.l±O.1 
-0.1±0.1 -0.1±0.1 0.004±0.04 0.S±0.2 

Yield per .... 
12.1±7.6 1.l±7.2 -S.9±I.S" 6.9±10.2 
22.1±10.7 -O.l±S.1 -1.9±1.2 SO.2±19.4' 

11IkmI .... 
4.S±2.6 2.6±2.3 -2.1 ±O.S' 0.2±4.3 

-4.7±1.2" -7.9±1.1 " -2.6±0.4" 21.0±l.S" 
-0.6±3.0 -4.9±2.7 4.2±0.S' 12.4±3.9" 

" "I)< O.OS and 0.01. respectivelv. 


Table 6. Estimates of Ib, t and ft by die tIIrft.paramete model fOr tIMNaoaiatenctI CI'QIlSeS betweea 

crosses of C. arIetIaum and C. relkulatum 
may limit 

Cross Characterworkers. 
and those 

T3 x JM2106 Leaf length 

T3 x JM2106 Days to maturity 

JM2106 x T3 -do

, , .. P<O.OS and 0.01, respectively. 

Parameter . 
m d h 

6.10±0.14" 0.80±0.13" 0.3.1 ±O.31 

164.56± 1.09" 7.83± 1.09·' 0.86± 1.57 

161.38 ± 2.SS' , 11.20 ± 2.40" IUS ±4.34' 

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