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Abstract 
 

In upland cotton, crop maturity is influenced by a number of physiological, phenological, 
morphological and environmental factors. Selection for this complex trait in segregating populations 
may be misleading if proper understanding of the direct and indirect effects of these traits is not 
appropriately understood. Correlation and path analysis techniques were utilized to construct selection 
criteria to identify early maturing segregants. Results depicted higher genotypic correlations as 
compared to the phenotypic ones suggesting substantial environmental influence. Earliness index was 
observed to be negatively correlated with all the traits evaluated except with number of fruiting points 
on the longest sympodia. Based on path analysis two selection criteria for earliness were evident. 
First; early and rapid flowering coupled with shorter boll maturation period and the second; low node 
number of first sympodia coupled with lower number of main stem nodes. Simultaneous improvement 
in seed cotton yield and earliness of crop maturity required a compromise and determination of a 
critical point where seed cotton yield and earliness could be maximum.  
 
Introduction 
 

Early crop maturity in cotton is a complex trait influenced by a number of 
morphological, physiological, phenological and environmental attributes. Since 
environmental interaction induces a substantial influence on its phenotypic expression, 
appropriate indirect selection criteria become necessary to facilitate selection procedures in 
theoretically, every breeding program involving different genotypes, genotypic and external 
environment. In a breeding population, several interactions including genetic effects of 
individual genes among themselves and that with external (physical) environment may 
modify the expression of a particular polygenic trait like early crop maturity. At another 
level, interaction (direct and indirect effects) of genes controlling several physiological and 
agronomic traits modifies the phenotypic expression of each other through their relative 
contributions. The necessity of the present study was further imperative due to the fact that 
some phonological traits have not been thoroughly investigated under local conditions. For 
evaluating the nature and magnitude of association between two variables, considered to be 
interdependent, correlation analysis is used (Steel et al., 1997). Further partitioning of 
correlation coefficients into direct and indirect effects for a certain set of relationships 
through path analysis can be very helpful to find a casual mechanism lying behind a 
perceived biological relationship (Kozak et al., 2008). 
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Cotton cultivars are classified as early, intermediate or late maturing on the basis of 
phenological and yield parameters (Solis et al., 1989). The major components of earliness 
included days from sowing to standard flowering date (DSF), vertical flowering interval 
(VFI), days from sowing to practical flowering date (DPF), plant height, sympodia per 
plant and the first pick in cotton harvest (PCH1). Plant height, DSF, DPF and sympodia 
per plant were significantly correlated with each other, and negatively correlated with 
PCH1 whereas days to 1st flower from sowing provided a reliable estimation of earliness 
of maturity and the mean maturity date gave the best yield estimate (Chen et al., 1991). 
Shi (1998) indicated that height of the first sympodial node could be used to select for 
earliness in cotton. Many workers (Iqbal et al., 2003; Wang et al., 2004) have reported 
higher magnitude of genotypic correlation compared to corresponding phenotypic 
correlation. Soomro et al., (2008) indicated positive correlation of yield with bolls per 
sympodia and sympodia per plant in upland cotton. 

The present study was undertaken to determine the correlation mechanism, cause-
effect relation and direct and indirect effects which provide the relative importance of 
each of the causal character to construct selection criteria to identify better early maturing 
combinations from segregating populations.   
 
Materials and Methods 
 

A field experiment was conducted in 2001 crop season at Cotton Research Institute, 
Faisalabad. The experimental material included 16 cotton cultivars varying in crop 
maturity. The experimental design was randomized complete block with three 
replications. Plot size was three 6-meter long rows, 75cm apart. The plots were hand 
thinned at the 4 or 5 true leaf stage to maintain uniform crop stand.  

Fertilizer was applied @ 150-50-0 (NPK, Kg/ha Full dose of phosphorus was applied 
at seedbed preparation and nitrogen in three equal splits at seedbed preparation, squaring 
and flowering. First irrigation was applied after 35days of sowing. Subsequent irrigations 
continued with 7-15 days interval depending on the weather and crop conditions until the 
145th day after sowing. Plant protection measures were adopted as and when necessary. 
Seed cotton was harvested 130 and 190 days after sowing. At maturity ten competitive 
plants per plot per treatment per replication were marked at random for data record. 

Among Earliness components data were recorded for Earliness Index (%), Days to 
50% squaring, Days to 50% flowering, Days to 50% boll opening, Boll maturation 
period. Among plant morphological traits data were recoded for  Height of the main stem 
(cm), Monopodial branches per plant, Sympodial branches per plant, Fruiting points on 
longest sympodia, Node of first sympodium, Total nodes on main stem and Height to 
node ratio. Whereas for yield components data were recorded for Number of bolls per 
plant, Boll weight (g) and Seed cotton yield per plant (g).  

Analysis of genotypic and phenotypic correlation was run following Kwon & Torrie 
(1964). Genotypic correlation coefficients were tested against their standard errors 
(Lothrop et al., 1985). Phenotypic correlations were tested at n-2 degrees of freedom (df) 
against the table values of correlation at 5% and 1% level of significance. 

Path coefficient analysis was performed according to the method prescribed by 
Dewey & Lu (1959). The Earliness index was kept as resultant variable (effect) and the 
remaining fourteen traits as causal variables. The residual effect, which determines how 
best the causal variables account for the variability of the dependent variable, was 
estimated following Singh & Chaudhary (1985). 
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Results 
 

Analyses showed higher magnitude of genotypic correlations as compared to the 
corresponding phenotypic magnitude (Table 1). Since phenotypic and genotypic 
correlation coefficients were in a same direction, only genotypic correlation coefficients 
were the focus of discussion. 

Earliness index (EI) showed negative association with all the traits except fruiting 
points on the longest sympodia (FPLS) though of very low magnitude. High significant 
negative correlations were exhibited with days to squaring (DSQ), days to boll opening 
(DBO), days to flowering (DFL), boll maturation period (BMP), number of monopodial 
branches (MONO), number of main stem nodes (TNOD), ), boll weight (BWT) yield per 
plant (YLD), and bolls per plant (TBOL).  Days to flowering (DFL) were positively 
associated with DSQ, DBO, MONO, YLD, TBOL, BWT, BMP, NNFS, PHT, TNOD and 
HNR Days to boll opening (DBO) had high positive correlation with BMP, DSQ, 
MONO, BWT, YLD, TBOL, moderate positive association with TNOD, NNFS and PHT. 
Days to squaring (DSQ) had moderate to high positive correlations with all the traits 
studied except for low, negative association with FPLS. Moderate positive correlation 
coefficients was depicted for BMP with all the traits studied except, negative moderate 
correlations with FPLS. 

Among plant morphological traits, plant height (PHT) showed negative high 
correlation with earliness index and positive high correlation with TNOD, HNR and 
YLD. Number of monopodial branches (MONO) had positive correlation with all the 
traits studied except for negligible negative correlation with FPLS. Number of sympodial 
branches (SYM) had positive high association estimates with TNOD and PHT whereas it 
had negative high correlation with earliness index. Node number of first sympodial 
branch (NNFS) had high positive association with DFL, PHT and negative high 
correlation with earliness index. Similar correlations were observed for total number of 
main stem nodes (TNOD), height to node ratio (HNR) and boll weight (BWT). Seed 
cotton yield per plant (YLD) showed high positive correlation with TBOL, BWT, NNFS, 
TNOD, MONO, DFL, PHT, DSQ, SYM and HNR. 
 
Path coefficient analysis: Path analysis (Table 2) revealed highest positive direct effect 
of DBO on earliness index followed by SYM and NNFS. These traits, therefore, appeared 
facilitating in selecting early maturing genotypes in the present cotton material. TNOD 
exerted highest negative direct effect on earliness index followed by BMP and DFL.  
 
Days to 50% squaring and earliness index: With significantly negative genotypic 
correlation coefficient with EI, its direct effect was also negative but low in magnitude. 
The negative indirect contribution of DSQ towards earliness came through BMP, TNOD 
and DFL remained predominant despite the positive indirect effects it received through 
DBO, SYM, NNFS and PHT. 
 
Days to 50% flowering and earliness index: The days to 50% flowering had negative 
high direct effect on earliness index. It was due to high indirect negative effect through 
BMP and TNOD despite high positive indirect effect exhibited via DBO, NNFS, SYM, 
PHT and BWT.  
 
Days to 50% boll opening and earliness index: The genotypic correlation coefficient 
was significantly high and negative despite high positive direct effect exerted by the days 
to 50% boll opening on earliness. But the relationship was altered due to high negative 
indirect effect exhibited via BMP, DFL and TNOD.  
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Boll maturation period and earliness index: BMP showed negative high direct effect on 
earliness index. Negative indirect effects were mainly inflicted on earliness index through 
DFL and TNOD despite positive high indirect effect shown via DBO, NNFS and SYM. 
 
Height of main stem and earliness index: Plant height had significant negative 
genotypic correlation coefficient with earliness index. The direct effect of plant height on 
earliness was positive but low in magnitude. The positive indirect effect of sizable 
magnitude via DBO, SYM and NNFS dominated high negative indirect effects via 
TNOD, BMP, DFL and HNR.  
 
Monopodial branches per plant and earliness index: The MONO showed very low 
positive direct effect on earliness index despite it had very high, significant and negative 
genotypic correlation with earliness index. The positive indirect effects contributed via 
DBO, NNFS, SYM, PHT and BWT were countered well by the negative indirect effects 
exhibited via BMP, TNOD and DFL.       
 
Sympodial branches per plant and earliness index: The genotypic correlation 
coefficient between the traits was negative and significant. The direct effect exhibited by 
SYM on earliness index was positive. Positive indirect effects were mainly exhibited via 
DBO, NNFS and PHT but all were suppressed by the negative indirect effects exhibited 
through TNOD, DFL and BMP.  
 
Fruiting points on longest sympodia and earliness index: There existed a very low 
significant positive correlation between the traits. The direct effect shown by FPLS on 
earliness was positive but very low. Positive indirect effects were exhibited via SYM, DFL, 
BMP, NNFS, and PHT whereas negative indirect effects were produced via DBO and TNOD.  
 
Node of first sympodium and earliness index: A high, significant and negative 
genotypic correlation was exhibited between the traits under discussion. The direct effect 
of NNFS on earliness was positive. Positive direct effects were also produced via DBO, 
SYM and PHT on earliness index. The negative indirect effects produced for NNFS were 
through TNOD, BMP and DFL that in fact made the relationship negative between node 
number of first sympodia and earliness index. 
 
Total nodes on main stem and earliness index: The genotypic correlation coefficient 
between these two traits was negative, high and significant. It was mainly contributed by 
the negative direct effect of TNOD on earliness index and negative indirect effects shown 
via BMP and DFL, though the positive indirect effects of reasonable magnitude were 
exhibited via DBO, SYM, NNFS, PHT and BWT. 
 
Height to node ratio and earliness index: Genotypic correlation coefficient was 
negative and so was the direct effect exerted by HNR on earliness index. TNOD, BMP 
and DFL produced the negative indirect effects whereas indirect positive effects were 
produced through DBO, SYM, NNFS and PHT on earliness index. 
 
Number of bolls per plant and earliness index: Though the genotypic correlation 
coefficient between these traits was negative, TBOL exerted positive direct effect. The 
negative indirect effects produced through TNOD, BMP, DFL and YLD on earliness 
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index in-fact overpowered the positive indirect effect produced via DBO, NNFS, SYM, 
PHT and BWT.  
 
Boll weight and earliness index: There existed a negative genotypic correlation between 
the two traits. The direct effect produced by boll weight on earliness index was positive 
similarly positive indirect effect was produced through DBO, SYM, NNFS and PHT. But 
all positive effects were dominated by the negative indirect effects produced through 
TNOD, BMP and DFL. 
 
Seedcotton yield per plant and earliness index: Significant negative, high genotypic 
correlation was observed for EI.  The direct effect of YLD on earliness index was also 
high and negative. It was mainly produced via indirect effect through TNOD, BMP and 
DFL which overcame the positive indirect effects produced via NNFS, SYM, PHT and B 
wt on earliness index. 
 
Residual effect: The residual effect determines the extent of causal variables responsible 
for the variability in dependent variable. Residual effect, around 12 percent, showed that 
causal factors determined 88% of the variability in EI while and only 12% of the 
variability in earliness index remained unexplored.    
 
Discussion 
 

The magnitude of genotypic correlation coefficients was comparatively higher than 
that of phenotypic ones explaining that the traits are under strong influence of 
environmental factors. Similar findings were also reported by Iqbal et al., (2003) and 
Wang et al., (2004). Crop maturity depends on a number of morphological and 
phenological traits. Cotton plant is indeterminate in growth, hence vegetative and 
reproductive stages move side by side. Number of days taken to flowering is considered 
as an important determinant of earliness (Chen et al., 1991). Initiation of squares infact, 
marks the entry of plant into reproductive stage. Continued development of new fruiting 
branches resulting in production of fruiting sites may possibly affect earliness index. This 
impact can be minimized if the boll maturation period is shorter as earlier maturing 
cultivars possessed the shortest boll maturation periods (Bednarz & Nichols, 2005).  

Flowering interval also needs consideration. Therefore, early and rapid flowering 
coupled with shorter boll maturation period will help to enhance earliness index.  

Node number of first sympodia is also considered important for early onset of 
squaring and consequently for earliness in cotton (Iqbal et al., 2003). Earliness index 
exhibited negative correlation with all the parameters studied. On the basis of correlation 
coefficients, it is concluded that all phenological traits i.e., days to squaring, flowering, 
boll opening and boll maturation period are important determinants of earliness index. 
Small cylindrical plants with reduced height, TNOD, MONO, FPLS and NNFS, result in 
early flowering, lower monopodial bolls, lower yield per plant. The possibility of 
combining high yield with earliness and quality was explored with some deficiencies in 
performance (Wilson, 1989). Highest yields were shown by the least determinate and 
slowest-maturing genotypes; yields generally decreased as determinacy increased and 
rate of maturity accelerated. Except for date for first open boll, components of earliness 
showed no association with yield (Godoy & Palomo, 1999). Iqbal et al., (2006) 
emphasized on selection for more no. of bolls and boll weight with lower no. of 
monopodial branches and node of first fruiting branch for simultaneous improvement of 
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earliness and yield. Boll number and boll weight, which has been, reported as most 
important yield determining factors in cotton (Soomro et al., 2008), showed very small 
positive direct effects on earliness index. A compromise should be reached between yield 
and earliness, as it seems unlikely to improve a genotype combining high seed cotton 
yield with earliness (Kaynak et al., 2000).  

Two selection criteria for earliness in cotton were observed to be important. First 
based early and rapid flowering coupled with short BMP. The second criteria based on 
low NNFS coupled with less TNOD of the main stem. Iqbal et al., (2006) suggested to 
use reciprocal recurrent selection method or modified back cross or three- way cross for 
evolving a superior genotype possessing all the three basic characteristics i.e., earliness, 
high yield and improved fiber quality 
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