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ABSTRACT

Thermo-nonresponsive genotypes, Pavon ‘S’ and Harrier ‘S’ and photoperiod-responsive
genotype Kalyan Sona exhibited positive gca effects for days to heading and grains/spike,
and negative for grain weight and grain yield, while for temperature- responsive but
photoperiod-neutral genotypes HD 2009 and WL 711 the situation was reversed. The
positive gca effects of Chat ‘S’ in pooled analysis of all genotypes for days to heading,
grains/spike and spike productivity changed into negative estimates in the analysis of the
four CIMMYT genotypes. The hybrids exhibiting positive sca effects for grain yield
involved parents differing in their photothermo responses.
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The specific adaptation of wheat crop (Triticum aestivum L.) under different environ-
ments is conferred by few major vernalization (Vin) and photoperiodic (Ppd) genes [1]. It
offers scope for planning genetic recombination that may enable breeders to produce well
adapted and productive varieties for specific areas. In the present report, effort has been
made to determine the influence of genetic background on combining abilities of wheat
genotypes belonging to different geographical areas and having differential photothermal
responses.

MATERIALS AND METHODS

Eight wheat genotypes belonging to two geographical areas of the world (Pavon ‘s’,
Harrier ‘s’, Chat ‘S’ and Veery ‘s’ of CIMMYT, and WH 147, HD 2009, WL 711 and Kalyan
Sona from India) were crossed in all possible combinations, excluding reciprocals. The
photo-thermo responses of these genotypes are presented in Table 1 as reported by Singh
and Singh [2]. Single row plots of 3 m length spaced at 25 cm between rows and 10 cn within
rows of 8 parents and their 28 hybrids were sown in randomized block design with three
replications. Observations of ten competitive plants in each plot in each replication were
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Table 1. Photothermal responses of the parents involved in hybridization

Parent Origin Probable Ppd/Vrm genes Photothermal response

Pavon ‘s’ CIMMYT vimnl, V2, V3, del High temperature and photoperiod
nonresponsive

Harrier ‘s’ -Do- vml, vin2, Vrn3, Ppd1 -Do-

Veery ‘s’ -Do- Unknown -Do-

Chat ‘S’ -Do- : Vrnl, vin2, vin3, Ppd1 High temperature nonresponsive,

. : photoperiod responsive
HD 2009 India vinl, Vrn2, Vi3, Ppdl Low temperature responsive,
: photoperiod nonresponsive

WL 711 -Do- Vinl, Vm2, vm3, Ppd1 High temperature responsive,
photoperiod nonresponsive

WH 147 -Do- V1, V2, vm3, Ppd1 High temperature and photoperiod

) responsive

Kalyan Sona -Do- vil, Vm2, Vm3, Ppd1 -Do-

recorded for six quantitative traits. Plot means were used for statistical analysis. The
combining ability analysis was performed as per Method 2 Model 1 of Griffing [3]. Separate
analyses of four CIMMYT, four Indian and pooled analysis of both CIMMYT and Indian
genotypes were carried out.

RESULTS AND DISCUSSION

High temperature-nonresponsive genotypes,Pavon ‘s’and Harrier ‘s’ and photoperiod-
responsive genotype Kalyan Sona [2] exhibited significant positive general combining
ability (gca) effects for days to heading and grains /spike, and negative for 1000-grain weight
and grain yield, while in case of temperature-responsive but photoperiod-nonresponsive
genotypes WH 147, HD 2009 and WL 711 [2], the opposite situation was observed (Table 2).
The results clearly showed the impact of genetic background on the combining ability of
different genotypes. Similar influences of photothermal responses on different characters
in wheat have been reported earlier [4-6].

Another interesting observation was in respect of changes in combining ability in the
three different analyses of the CIMMYT, Indian and pooled genotypes for some characters.
For instance, gca effects of Chat ‘s’ in pooled analysis were positive for days to heading,
grains/spike and spike productivity but negative for these traits in the CIMMYT genotypes
(Table 2). Variations in combining ability effects of Pavon ‘s’, WH 147 and Kalyan Sona for
plant height and grains/spike of WH 147 were also evident in the pooled and 4-parent
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Table 2. Estimates of general combining ability effects of wheat genotypes in 8-parent and 4-parent analyses

Parent Analysis Days to Plant Grains  1000-grain ~ Spike = Grainyield
heading height per spike weight productivity per plant
Pavon’s’ Pooled 1.62" 1.16 211 -116" 0.00 -093
CIMMYT 0.03 -250" 1.12 -123 -0.01 -0.12
Harrier ’s’ Pooled 462" 313" 558" -173" 0.09" -0.20
CIMMYT 392" 1.69° 434" -1.38" 0.06 1.09
Chat ‘S’ Pooled 272" -031 0.67 -0.08 0.01 -093
CIMMYT -308" -0.08 -325 0.08 -015 -121
Veery ‘s’ Pooled 188" 225" -111 235" 018" 031
CIMMYT -0.86 0.89 -2.20 253" 0.10 0.24
WH 147 Pooled -265" -142 ~226" 163" ~-0.02 0.71
Indian -067 050 0.39 1.06 0.01 -0.15
HD 2009 Pooled -618" 422" -529" 0.09 -0.14" 0.49
Indian 206" -203 -332" -08 -0.07 270"
WL 711 Pooled -578" 1.35" -124 1.00" -0.06 181"
Indian -339" 117 -135 0.77 -0.10" 028
Kalyan Sona Pooled 3.78" -194" 152 -211" -0.06 -126"
Indian 611" 0.36 428" -175" 015" -239"
SE (g Pooled 049 0.62 0.87 0.38 0.04 0.49
CIMMYT 0.55 0.67 1.46 0.46 0.06 0.62
Indian 0.71 0.75 0.66 0.55 0.04 0.48

""Signiﬁcant at 5% and 1% levels, respectively.

analyses. In general, the magnitude of estimates in pooled analysis was higher than that of
separate analyses of the CIMMYT and the Indian genotypes. Thus, the combining ability
estimates of the genetically similar CIMMYT and Indian genotypes of specific regions
differed from that of pooled analysis when genotypes of both the regions with different
genetic backgrounds [2] were considered together.

The hybrids exhibiting significant positive specific combining ability (sca) effects for
grain yield are listed in Table 3. Interestingly, all these hybrids involved parents which
differed in their photothermal responses. The genotypes Harrier ‘s’ and Chat ‘S’ contained
maximum recessive alleles of the Vrn and Ppd genes, while other genotypes like Pavon ‘s’,
WL 711 and Kalyan Sona had variable number of dominant Ppd and Vrn alleles [7]. The
hybrids involving Harrier ‘s’ or Chat ‘S’ as one of the parents exhibited positive sca effects
for days to heading and grains/spike and negative for 1000-grain weight, while those of WL
711, Pavon ‘s’ and Kalyan Sona showed positive sca effects for 1000-grain weight but for
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Table 3. Estimates of specific combining ability effects of some wheat hybrids

Cross Analysis Days to Plant Grains 1000- Spike Grain
heading  height per grain  produc- yield per
spike weight tivity plant
Pavon ‘s’ x Veery s’ Pooled -048  -143 13.10" 0.00 053" 9.86"
CIMMYT  -147 0.61 1093" 131 053" 1019
Harrier ‘s’ x Chat ‘S’ Pooled 3.02° 3.65 092 -093 0.06 438"
CIMMYT 120" 1.89 1.83 -0.02 0.18 444"
Harrier ‘s’ x Veery ‘s’ Pooled 5527  -407 473 -110 0.11 664"
CIMMYT 364  -425 2.82 -0.20 0.14 649"
WH 147 x WL 711 Pooled -588" 822" 1307  -077  -010 2.18
Indian -474 973" 1354 0.83 0.11 389"
HD 2009 x WL 711 Pooled 5327 -215 0.70 284 0.11 6.16
Indian 4317 -091 1.85 404" 028 524"
HD 2009 x Kalyan Sona Pooled -258 747" -049 0.28 0.18 6.09"
Indian -352 623"  -221 0.90 0.10 477"
Pavon ‘s’ x WL 711 Pooled -348 1280"  -1.03 175 0.13 388"
~ Pavon ‘s’ x Kalyan Sona Pooled 1.29 375 3.01 373" 0.07 6.22"
Chat ‘S’ x WH 147 Pooled 429" 037 216 -019 0.16 473"
Chat ‘S’ x WL 711 Pooled 675  -256 835" 118 055" 314
Veery ‘s’ x WH 147 Pooled 1.79 3.65 0.94 3" 0.24 7.40"
SE &y Pooled 151 191 267 117 0.13 1.50
CIMMYT 134 1.60 3.53 1.12 0.14 150
Indian 1.71 1.83 1.59 1.34 0.11 1.16

““Significant at 5% and 1% levels, respectively.

days to heading and grains/spike both positive and negative estimates were obtained.

The genotypes having low temperature and photoperiodic responses produce more
grains/spike but their grain weight is low, and often a negative correlation exists between
these traits [2]. The present study has shown that favourable sca effects for grains /spike and
grain weight lead to positive sca effects for grain yield.

Thus, it is evident that combining abilities and their estimates differ among genotypes
with similar and different genetic backgrounds. Therefore, caution may be observed while
interpreting the results of inheritance in different materials. Some characters like days to
heading and grain number are governed by a few major genes [1] whose penetrance and
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expressivity differ in different environments. Therefore, results will be applicable only to
specific environments under which experiments are conducted. However, even if a
character is governed by major genes, the composition of minor genes of genotypes can be
improved in favourable direction through hybridization of genotypes having different
genetic backgrounds.
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