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Impact of Biparental Mating on Correlation Coefficients in Bread Wheat 
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Summary. Phenotypic and genotypic correlation coeffi- 
cients and path-coefficients were studied in the bipa- 
rental (BIPs) and F3 self progenies of  the two wheat  
crosses. A comparison of  correlation coefficients in the 
BIPs and the F3's revealed that as m a n y  as twelve new 
significant correlations were noticed in case of  the BIPs 
in cross I although some of  them occurred in the un- 
desirable direction. On the other hand, only three new 
correlations were observed in the BIPs of  cross II, 
although as many  as fifteen correlations were not sig- 
nificant. Results suggested that intermating in the F2 
was effective in breaking the linkages. Path-coefficient 
analysis further revealed that the direct effect of  tillers/ 
plant on grain yield was important  and remained 
unchanged in both populat ions of  cross I. In cross II, 
the direct effect of  ti l lers/plants on grain yield was also 
high and it increased in the BIPs. Intermating seemed 
to have influenced considerably both the direct and 
indirect effects. 

Key words: Phenotypic - Genotypic  Correlation - Path 
coefficient - Biparental progenies 

Introduction 

Research on the means of  wheat  improvement  has 
revealed that grain yield in wheat  is primari ly depen-  
dent on three major  components ,  namely, tillers/plant, 
grain weight and grains/ear.  Hence, breeding for com- 
ponent  characters has received considerable attention 
in the recent past. 

Grafius (1959) even doubted the existence of genes for 
yield and thus advocated a component breeding approach in 
cereals. Supportive evidence for this approach were later made 
available in barley (Borthakur and Poehlman 1970; Rasmus- 
son and Cannell 1970) and in wheat (Borojevic and Cupina 
1968, 1969; Paroda and Joshi, 1970a, b). However, a major 
limitation to this approach lies in the fact that the component 
characters invariably have negative associations amongst 
themselves (Smocek 1969; Paroda and Joshi 1970b; Knott 

and Talukdar 1971; Hsu and Walton 1971; Jatasra and 
Paroda 1978). Linkage, which is the probable cause of associa- 
tions, further limits the recombination potential of genes 
(Clegg et al. 1972). 

Inter-mating in early segregating generations has 
been reported to have caused shifts in the genetic cor- 
relations in self-pollinated crops (Miller and Rawling 
1967; Matzinger and Wernsman  1968; Gill et al. 1973; 
Redden and Jensen 1974; Verma etal .  1979). The 
objective of  the present investigation was to compare  
the nature and degree of  correlations amongst  various 
characters in the biparental  progenies (BIPs) and F3 
selfs in two crosses of  wheat. The genotypic correlations 
were further parti t ioned into direct and indirect effects 
through path-coefficient analysis. 

Materials and Methods 

Thirty-six randomly selected male plants were each mated to 
three randomly selected female plants using North Carolina 
Design I (NCI) in each of the two space-planted F2 popula- 
tions of two wheat crosses, namely, 'Kalyansona'•  
(Cross I) and 'HD-2009'• (Cross II). The 108 BIPs 
from the NCI, and 144 F3 progenies thus produced were each 
assigned to single row plots in a randomized block design with 
three replications, in two experiments relating to two different 
crosses. The sowing was done by dibbling the seeds at a 
distance of 10 cm in 2.5 m rows spaced 30 cm apart. Observa- 
tions were recorded on ten randomly selected competitive 
plants per plot for ten characters, viz., days to heading, days to 
maturity, plant height, tillers/plant, ear length, spikelets/ear, 
grains/ear, weight of grains/ear, 1000-grain weight and yield/ 
plant. Plot means were used for statistical analysis. Although 
both the selfs and BIPs were raised together, separate analysis 
of variance for each population was carried out. Phenotypic 
and genotypic correlation and path-coefficient analyses were 
worked out following the methods of Dewey and Lu (1959). 

Results and Discussion 

The phenotypic and genotypic correlation coefficients 
between various combinations of  all the ten characters 
studied in the biparental  progenies (BIPs) and F3 selfs 
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are given in Tables 1 and 2 for cross I and II, respec- 
tively. The genotypic correlation coefficients were, in 
general, higher in magnitude than the phenotypic cor- 
relation coefficients for almost all the characters in both 
populations of the two crosses. This suggested that the 
association between various characters, in general, was 
genetically inherited. 

A comparison of the phenotypic and genotypic cor- 
relation coefficients among the characters between the 
BIPs and F3 selfs revealed that, in cross I as many as 
twelve additional correlations became established in 
the former population compared to the latter. In the 
BIPs of cross I yield/plant showed improvement 
towards a positively significant correlation coefficient 
with attrbitues such as days to heading, days to matu- 
rity and plant height. Grains/ear established positive 
significant associations with days to heading and plant 
height but changed into negative associations with 
1,000-grain weight. Similarly, 1,000-grain weight 
showed a positive significant correlation with plant 
height but had a negative correlation with spikelets/ 
ear. Grain weight/ear exhibited positive significant 
associations with days to heading, days to maturity and 
tillers/plant, whereas ear length showed positive sig- 
nificant correlation with tillers/plant in BIPs compared 
to F3 selfs. In addition, positive significant correlations 
of 1,000-grain weight with yield/plant, grain weight/ear 
and tillers/plant and between plant height and spike- 
lets/ear observed in F3 selfs, disappeared in the BIPs of 
this cross. 

The situation observed in cross II was, however, 
different than that seen in cross I in that as many as 
fifteen correlations among various combinations of 
characters noticed in F~ selfs, were all reduced to non- 
significant levels and only three new correlations, nega- 
tive significant correlations of 1,000-grain weight with 
those of grains/ear, days to heading and spikelets/ear 
were established in the BIPs of this cross. It may be 
pointed out here that none of the characters in this 
cross showed an increase in variation in favour of the 
BIPs (Yunus 1980). It was thus evident that the re- 
shuffling of genes responsible for correlations amongst 
some characters resulted in newer recombinants which, 
presumably, were due to changes from a coupling to 
repulsion phase linkages. Gill et al. (1973) also reported 
an additional positive significant correlation between 
grain yield and ear length, and a negative significant 
correlation between 1,000-grain weight and tillers/plant 
in BIPs, whereas the positive significant correlation of 
1,000-grain weight with yield, and similar correlations 
of tillers/plant with plant height and grains/ear and of 
ear length with 1,000-grain weight were all reduced to 
non-significant levels. Both increases and decreases in 
correlations between various characters have also been 
reported in wheat by Verma etal. (1979). They re- 

ported that the correlations between grain yield and 
rust reaction, grain yield and 100-grain weight, and 
days to heading and grain weight increased in magni- 
tude in the BIPs. Changes in the direction of correla- 
tion (from negative to positive or vice versa) between 
days to heading and plant height, and plant height and 
rust reaction were also observed. Shifts in correlation 
matrixes have also been reported in cotton by Miller 
and Rawlings (1967) after several cycles of intercross- 
ing. They suggested that breakage of coupling phase 
linkages tended to decrease the correlation, whereas 
that of repulsion phase linkages increased their mag- 
nitude (ignoring the sign). Under this assumption, the 
results of the present investigation appear to haye 
involved both coupling and repulsion phase linkages as 
both increases and decreases in correlations, irrespec- 
tive of the directions otherwise desired, were observed. 
The effectiveness of the biparental approach would, 
therefore, depend on the existing phase of linkages, i.e. 
coupling or repulsion. 

Path-coefficient analysis further provided an insight into 
the inter-relationships of various characters with grain yield. 
Earlier studies in wheat have revealed that tillers/plant have 
the highest direct effect on grain yield followed by grains/ear 
and grain weight (Fonseca and Patterson 1968; Jaimini et al. 
1974; Quick 1978), whereas several other studies indicated 
grain weight and tillers/plant to have the highest direct effects 
on grain yield (Paroda and Joshi 1970b; Das 1972; Virk and 
Verma 1972; Virk and Singh 1972). The results of path-coef- 
ficient analysis in the F3 progenies of the two crosses were in 
agreement with previous studies. In cross I (Table 3), tillers/ 
plant, grain/ear and 1,000-grain weight showed 0.733, 0.661 
and 0.371 direct effects respectively, and 0.414, 0.383 and 
0.553 direct effects on yield/plant in cross II, respectively 
(Table 4). 

A comparison of the direct and indirect effects of 
various characters on grain yield in F3 selfs and the 
BIPs, revealed that the changes in the nature and 
degree of association amongst various characters were 
accompanied by the changes in their direct and indirect 
effects. The direct effect of tillers/plant on grain yield 
was high and positive in both populations of cross I, 
whereas the direct effect of grains/ear was positive but 
lower in the BIPs compared to the F3 population. 
However, the indirect effect of grains/ear via grain 
weight/ear was positive and strong as against the 
negative effect in the F~. The direct effects of days to 
heading and 1,000-grain weight were changed from 
positive in the F~ to negative in the BIPs, whereas the 
reverse trend was observed for days to maturity and 
grain weight/ear. Similarly, changes in the indirect 
effects via some characters, such as days to heading, 
days to maturity, tillers/plant and grain weight/ear 
were also observed in the BIPs. The negative direct 
effect of days to heading on grain yield in the BIPs 
revealed the possibility of selection for early genotypes 
coupled with high yield in the BIPs of this cross. 
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In cross II, the direct effect of  t i l lers/plant on grain 
yield was highest and it improved considerably in the 
BIPs, whereas the direct effects o f  days to maturi ty and 
grain weight /ear  were positive in the BIPs compared  to 
their negative effects in the F~. However,  the reverse 
trend was observed for the direct effect o f  ear length on 
grain yield. The indirect effects via this character were 
mostly negative in the BIPs compared  to the mostly 
positive indirect effects observed in the F3 population. 
The negative indirect effects o f  1,000-grain weight via 
most o f  the other characters were responsible in re- 
ducing its correlation with grain yield in the BIPs. 

From the foregoing discussion it has become evi- 
dent that biparental  matings are likely to be useful 
under specific situations, especially when repulsion 
phase linkages are prevalent,  Changes in correlation 
coefficients, particularly from unfavourable to favour- 
able ones, would provide greater scope for increasing 
the frequency of  rare recombinants  under  the bipa- 
rental mating approach.  
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