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ABSTRACT

Variation in harvest index was studicd in F1 and F2 generations of cight chickpea crosses.
The gene action controlling the expression of harvest index was primarily additive type.
Means and degrees of dominance of F; and Fz2 populations indicated partial dominance of
high harvest index. Magnitude of heterosis over midparent was low. Estimates of
heritability and genctic advance were low to modcrate.
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Determination of the response to photoperiod, temperature etc. which are important
components of the physiological genetics of yield is not only time taking but not practical
on a large number of plants in segregating populations. High harvest index indicates
increased physiological capacity of plants to mobilize photosynthate to organs of economic
importance. Thus harvest index, forms an useful and easy measure of yield potential.
Studies by different workers involving new cultivars of different crop plants like wheat, oat,
etc. indicate that improvement in grain yicld of new cultivars has been due almost entirely
to an increased harvest index.

Although genetic control of harvest index is an important aspect of differential
partitioning of photosynthate, no information is available on the pattern of variation of
harvest index in the segregating population of chickpea (Cicer arietinum) following a cross.
The present paper reports the results of such a study.

MATERIALS AND METHODS

The parents involved in chickpea crosses were JG 1265, JG 1258, K 850, RSG 44, BDN
9-3and Phule G 12.JG 1258 and JG 1265 having moderate harvest index, were used as testers
and crossed with two high harvest index parents (BDN 9-3 and Phule G 12) to produce two
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sets of crosses each with four hybrids. All the six parents used in the study were pure lines
and were evaluated for two consecutive years prior to their use in crossing programme.

The F1 and F2 populations of each of eight crosses along with their parents were grown
in a randomized block design with three replications at the Institute’s Farm in 1987-88.
Sowing was done in 3 m rows spaced 50 cm apart with intrarow spacing of 10 cm. In each
replication, the experimental rows allotted to each of P1, P2, F1 and F2 populations were 6,
6, 2 and 14, respectively.

The data on harvest index were recorded at maturity on 30 and 100 random individual
plants from each of the parental and F2 populations, respectively while in F1 3545 plants
per cross were sclected.

The pooled data over three replications were used to compute means and variances of
each population. The theoretical means corresponding to additive and nonadditive gene
actions were computed by the method of Burton [1}. Degrees of dominance, h1 and h2 for
harvest index in F1 and F2 populations, respectively were calculated following the method
of [2]. Heritabilities in broad sense and genetic coefficients of variation were computed by
the method of [1]. Genctic advance expected by selecting top 5% of the plants was estimated
according to [3].

RESULTS AND DISCUSSION

The harvest index values for all the parental lines ranged from 28.5 to 45.6%. The high
and low harvest index parents differed from the testers by about 9 and 6%, respectively.
None of the crosses showed evidence of positive and negative transgressive segregation but
two, JG 1258 x K 850 and JG 1258 x RSG 44 where a little more than one percent of segregates
transgressed the high harvest index parents.

The observed mean values of crosses ranged from 32.4 to 44.9 and 32.4 to 41.4% in F1
and F2 generations, respectively (Table 1). In each cross, F1 mean values were higher than
the midparent and F2 mean values. F1 mean values closer to high harvest index parent in
each cross indicating the role of partial dominance of genes controlling harvest index which
was confirmed by the F2 means of each cross which were intermediate between midparent
and parent with high harvest index.

Theoretical means corresponding to additive and non-additive gene actions are
presented in Table 1. The observed mean and the calculated arithmetic mean of the Fi crosses
JG 1258 x BDN 9-3, JG 1258 x Phule G 12, JG 1265 x K 850, ]G 1265 x RSG 44, and ]G 1265 x
Phule G 12 were similar in magnitude which indicate additive gene action. Significant
differences between observed F1 mean and the calculated arithmetic mean of the crosses JG
1258 x K 850, JG 1258 x RSG 44 and JG 1265 x BDN 9-3 suggest nonadditive gene action.
Similarity of the observed F2 means of each cross with both the calculated arithmetic and
geometric means made it difficult to determine the type of gene action in F2 generation.
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Table 1. Means, variances, degrees of dominance, heterosis and inbreeding depression
for harvest index in eight chickpca crosses

Cross F) generation F2 generation
obser- C.AM. vari- deg- hetero- obser- CAM. CGM. vari- deg- inbreed-
ved ance  rees sis ved ance rees ing
mean ofdomi- (%) mean of . depress-
nance domi- ion
nance (%)
JG 1258 x K 850 449 409 139 085 99 414 429 427 1429 020t 86
JG 1258 x RSG 44 427 366* 128 088* 787 397 411 410 mN48 002 77
JG 1258 x BDN 9-3 342 338 143 0160 115 339 340 339 654 013* 72
JG 1258 x Phule G 12 332 323 161 023 275 326 327 326 503 0160 18
JG 1265 x K 850 407 399 167 013* 192 400 403 401 1092 003 17
JG 1265 x RSG 44 392 387 19 012 147 388 390 388 1271 003 13
JG 1265 x BDN 9-3 351 329+ 204 159* 675 335 340 339 715 092* 47

JG 1265 x Phule G 12 324 314 134 036* 334 324 319 318 706 069t 02

C.AM.—calculated arithmetic mean; C.G.M.—calculated geometric mean; 'significant at 5% level.

A perusal of degree of dominance values for harvest index (Table 1) revealed significant
partial dominance in each cross in Fi generation. The F1 values ranged from 0.12 to 1.59. In
Fy, all but three crosses exhibited significant values for degree of dominance and ranged
from 0.02 to 0.92. The values of degree of dominance were greater in F1 than in F2 for all the
crosses except in JG 1265 x Phule G 12 which showed opposite trend. The h2 values could
be lower than h1 values due to confounding effects of epistatic gene action. In the present
study this happened for seven out of cight crosses.

Values of variances presented in Table 1 revealed little difference among the F1 values
of various crosses which ranged from 1.28 to 2.04. The F2 variances ranged from 6.54 to 14.29
and were about 3 to 12 times larger than the corresponding F; values. High magnitude of
variation was observed for those crosses which involve high harvest index parent and vice
versa. It was pertinent to note that the two testers behaved in a similar manner in releasing
variability for harvest index since the variances of the two sets of crosses were comparable
in magnitude,

There was complete absence of better parent heterosis for harvest index. Also, none of
the crosses exhibited significant heterosis and inbreeding depression in F1 and F2 generation
(Table 1). The midparent heterosis and inbreeding depression ranged from 1.15-9.96 and
0.1-8.63, respectively. Low values of heterosis for harvest index was earlier reported by [4].
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In general, the magnitude of heterosisin ~ Table 2. Estimates of heritability, genetic coefficients
F1 was proportional to the degree of of variability (GCV) and genetic advance for
. . . harvest index in eight chickpea crosses
inbreeding depression in Fa. :

Cross Heritability GCV Genetic
Hoeritability in broad sense, genetic (%) (%) advance
cocfficients of variability and expected (% of
. . . mean)
genetic advance for harvest index are
given in Table 2. Heritability value JG1258xK850 415 101 101
ranged from 29.6 to 76.3% and the JG1258xRSG44 385 8.5 -84
average heritability estimate was 49.6%, )G 1258 x BDN 9-3 29.6 74 6.8
which was considered to be a modcerate  JG 1258 x Phule G 12 337 79 7.6
value. The estimates of genctic advance G 1265 x K 850 7c3 14.9 13.0
indicate that about 17.6% improvement 1565 x RsG 44 20.8 17 10.9
in ha.rvest index sho.uld result from JG 1265 x BDN 9-3 69.1 185 176
selection of sc'gregatcs in cross jC'3.1265 X 1G1265xPhuleG12 372 115 114
BDN 9-3. This was amply verified by
Mean 49.6 113 10.7

examining the valuesin the cross JG 1258
x BDN 9-3 which showed low estimates
for all the parameters. An average of 10.7% genetic advance in harvest index could be
expected from the crosses.

Wallace et al. [5] have emphasized the importance of easily obtained information on
harvest index as it would provide understanding of physiological basis of yield differences
among different genotypes. However, there are not much evidences to show that selection
has been done on the basis of variation in harvest index together with high estimates of
heritability and genetic advance suggest the possibility of improving harvest index vis-a-
vis grain yicld. Results obtained from the present study indicate the possibility of yield
improvement in chickpea by exerting selection pressure for harvest index in ecarly
segregating generations.
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