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Abstract: In order to identify the traits suitable to be used in a breeding program for the effective 
selection of high yielding and drought tolerant varieties of wheat, the prevalence of variability, 
inheritance pattern and associations of certain physiological and morphological traits were investigated 
among ten varieties. The varieties were grown in a randomized complete block design with five repeats. 
Analysis of variance, GCV, PCV, heritability, correlation and path analysis among various 
morphological and physiological traits was done. Least PCV and GCV canopy temperature difference, 
days to heading and days to maturity suggested as genetically predominant, necessitate further 
exploitation in wheat breeding program. High heritability values were obtained for days to heading, plant 
height, days to maturity and canopy temperature, confirming the existence of additive gene action. The 
results of correlation analysis showed that early ground cover and cooler canopies possessed significant 
positive correlation with grain yield. Path analysis influenced that canopy temperature, days to maturity, 
tillers per plant and plant height had positive direct effect on the grain yield. Thus, canopy temperature 
may be secondary, while days to maturity and plant height may be primary selection criterion of drought 
tolerant genotypes with higher yield in breeding program. 
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INTRODUCTION 

Wheat is an important staple food crop, ranking 
second after maize. It is an outstanding crop in term 
of cultivated area and food source. The progenitor of 
wheat, emmer wheat has been cultivated about 10,000 
years ago in Fertile Crescent “Center of origin” 
(Willcox, 2005). Among all cultivated wheat species, 
Triticum aestivum is the most promising and major 
specie being grown on huge acreage in most of the 
countries, including Pakistan. Because of its hardy 
and competating nature, hexaploid wheat is 
extensively cultivated under diversified environments 
in the world. 

Water deficit conditions have adverse effects on 
wheat growth and productivity in term of grain yield 
through morphological, physiological, biochemical 
and molecular features. Plant breeders mainly 
emphasize on the yield losses, hence they focus on the 
yield performance under water deficit condition. As 
the yield is a quantitative trait, much influenced by the 
environmental factors (i.e., biotic and abiotic factors) 
as well as other un-noticed factors. Fleury and 
Jafferies (2010) evidenced that breeding for improved 
crop performance under water deficit conditions has 
largely relied on morphological phenotyping. 

Improvement in yield performance only through 
morphological traits is difficult, while morpho-
physiological traits based breeding strategies are very 
rarely practiced in breeding programs. Integrative 
breeding approach has merit over the empirical 
breeding solely on the basis of yield and yield related 
traits (Naeem et al., 2015). Recent studies implicit 
that physiological traits-based selection has potential 
to improve genetic yield gain in wheat (Reynolds, 
2014). The physiological basis for drought tolerance 
is still poorly implicit. Early ground cover and canopy 
temperature are the reliable physiological markers 
(Balota et al., 2008; Naeem et al., 2015), which have 
potential to improve the crop performance under 
water deficit conditions. Physiological traits are easy, 
rapid and efficient way for selection of desirable 
genotypes. However, the selection of the desirable 
genotypes for the development of drought tolerant 
variety requires a better understanding of yield 
contributing traits, i.e., days taken for heading, days 
taken for maturity, grains per spike, plant height, 
number of tillers  plant, grain weight and grain yield 
along with physiological traits, i.e., early ground 
cover and canopy temperature. 



Sci. Technol. Dev., 36 (1): 11-16, 2017 

12 
 

Brancourt-Hulmel et al. (2003) reported that the 
best approach for crop improvement in term of yield 
under drought environment is to investigate the 
possible physiological and yield contributing traits 
and also exploration of their genetic variation. The 
prevalence of genetic variability for physiological and 
morphological traits among the studied genotypes 
suggests a prospect for the improvement of crop yield 
and drought tolerance. Precise estimates of genetic 
variability components (GCV, PCV and H2) for 
physiological and morphological traits of interest 
assist plant breeders to identify drought tolerant 
genotypes. Grain yield is a quantitative trait, which 
involving interaction of different characters, is called 
yield contributing traits. Inter-relationship among 
yield contributing traits are quantified through 
correlation analysis. Phenotypic and genotypic 
correlations within varieties indicated the extent to 
which various physio-morphic traits are related with 
grain yield. The prevalence of correlation between 
different physiological and morphological traits with 
grain yield under drought stress is of great importance 
for many plant breeders. These factors also influenced 
the grain yield directly and indirectly. Path analysis 
describes whether the influence of these factors 
directly affects grain yield or takes some other 
indirect way for ultimate effect. The development of 
drought tolerant genotypes thus necessitates a 
comprehensive study of correlated response of 
different physiological and morphological traits. 

The objectives of the present study were: (i) to 
investigate the prevalence of variability and 
inheritance pattern among studied traits, (ii) to collect 
information on association of physiological and 
morphological traits and (iii) to evaluate the 
feasibility of employing primary and secondary 
selection traits to identify drought tolerant genotypes. 

MATERIALS AND METHODS 

Ten wheat varieties, viz. Yecora, Chakwal-86, 
GA-2002, Inqlab-91, Parwaz-94, Sehar-06, Shafaq-
06, Faisalabad-08, Lasani-08 and AARI-11, were 
sown in randomized complete block design with five 
repeats under water deficit condition. The material 
was planted on 17th November 2012, in Faisalabad. 
Pre-sowing soaking irrigation was applied and sowing 
was done in well prepared moist soil with hand drill. 
The plot size was 4 m × 1.8 m with 30cm row-to-row 
distance. Seed was used @ 120 kg/ha for each 
experimental plot. After germination, thinning was 
done to maintain 7.5 cm distance, accommodating 
320 plants per plot. Weeds were controlled manually 
by hoeing. NPK fertilizer was applied 110-110-75 
kg/ha. Full dose of phosphorus and potash was 
applied at sowing along with half of nitrogen, while 
the rest of the nitrogen was applied at tillering with 
first irrigation. 

Morphological traits: Data on the following 
morphological traits were recorded, i.e., days to 
heading (50%), days to maturity (90%), plant height 

(cm), No. of tillers per plant, No. of grains per spike, 
1000 grain weight (g)  and yield per plot (g). 

Early ground cover: Observations for early ground 
cover were recorded by naked eye during 10th week 
after sowing on scale (1-10). One mentioning 
minimum area cover, i.e., 10% inter row area covered 
and 10 complete ground cover, when the leaves of the 
plants completely covered area between two rows. 
These observations were recorded on alternate days 
during the week and an average of 3 readings was 
calculated for use in further analysis. 

Canopy temperature (°C) A separate set of 
experimental material was planted on the same date, 
following same procedure as mentioned above. The 
plot size was 2.5 m × 0.6 m having 2 rows. This set 
was normally irrigated. The data was recorded in the 
first week of February. Six readings were recorded 
and an average of these readings was used for further 
analysis. Data was recorded with LT.300 6th Sense 
Infrared Thermometer (IRT), during sunny days with 
least wind speed at noon time during 11 a.m. to 1 p.m. 
when the dew dried off from the plant canopy. 

Statistical analysis: Analysis of variance (ANOVA) 
was performed by following the procedure of Steel 
and Torrie (1980). Phenotypic coefficient of 
variability (PCV) and genotypic coefficient variability 
(GCV) were calculated, using the technique 
developed by Johnson et al. (1955). The estimation of 
broad sense heritability (H2bs) was calculated by 
adopting the formula developed by Allard (1960). 
Genotypic and phenotypic correlation coefficient was 
calculated, following Al-Jibouri et al. (1958) and 
significant test for genotypic correlation was applied 
by the formula of Robertson (1959). Path coefficient 
analysis was carried out, using the approach of Dewey 
and Lu (1959). 

RESULTS AND DISCUSSION 

Analysis of variance: Analysis of variance revealed 
the existence of significant genotypic differences for 
all traits, including physiological traits, i.e., early 
ground cover and canopy temperature, and 
morphological traits, viz. days to heading, days to 
maturity, grain per spike, plant height, number of 
tillers, grain weight and grain yield (Table 1). This 
indicated that a sustainable genetic variability existed 
in the studied material for the above mentioned traits, 
which can be exploited in future breeding program. 

Genetic variability and heritability estimates: High 
phenotypic coefficient of variability was observed for 
all studied traits compared to the genotypic coefficient 
of variability. This suggested the obvious influence of 
environmental factors on the expression of all studied 
traits. These observations are in agreement with the 
findings of Sedeek et al., 2009 and Soleymanifard et 
al., 2012. The genotypic coefficient of variability 
among the studied traits, ranged from 0.719 to 
167158.900. The phenotypic coefficient of variability 
among studied traits ranged from 1.181 to 
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295351.400. A high level of genotypic and 
phenotypic coefficient of variability was shown by the 
grain yield and tillers per plant. These results 
suggested that these traits play an important role in 
genetic variation. These findings corroborated the 
observations of Khan et al., 2007 and Mirza et al., 
2011. Canopy temperature, days to heading and days 
to maturity demonstrated the least differences 
between genotypic and phenotypic coefficient of 

variability. Sedeek et al., 2009, also observed similar 
findings. This suggested that most fraction of 
phenotypic coefficient of variability mostly 
contributed by genetic components and least 
influenced by environmental factors. These traits 
might be genetically predominant, having ability for 
further improvement, employing further exploitation 
in wheat breeding program. 

 
Table 1: Mean square values of variance due to studied varieties of nine morpho-physiological traits. 

Source 
Early 

ground 
cover 

Canopy 
temperature 

Days to 
heading 

Days to 
maturity 

No of 
Grains 

per Spike 

No of 
Tillers 

per plant 

Plant 
height 

1000 
grain 

weight  

Yield per 
plant 

Genotypes 0.037* 0.009** 4.942** 8.123** 0.006** 5.925** 8.545** 0.006** 0.002** 

GCV 8.240 0.719 16.156 3.744 39.173 677.410 59.392 13.110 167158.900

PCV 23.407 1.180 17.11 4.804 39.311 941.270 68.285 26.364 295351.400 

h2
bs 0.354 0.609 0.944 0.778 0.493 0.719 0.869 0.497 0.566 

GCV= Genotypic coefficient of variation, PCV=Phenotypic coefficient of variation, h2
bs = Broad sense heritability, *Significant, **Highly 

significant, ns = non-significant 
 

Heritability estimates the extent of inheritance of 
traits, which would be transmitted to next generation. 
Plant breeders predict the genetic architecture of a 
line/variety into the succeeding generations. High 
heritability estimates point out the possibility of 
improvement in days to heading (94%), plant height 
(87%), days to maturity (78%), tillers per plant (72%) 
and canopy temperature (61%). Ijaz et al. (2014) 
reported high heritability for different yield 
parameters. These higher magnitudes revealed that a 
greater proportion of the entire variance was because 
of genotypic variance and the presence of 
predominant additive gene action. Hence, the 
selection of superior traits with higher heritability can 
be focused in early segregating populations for crop 
improvement (Ahmed et al., 2007). Nakhaei et al. 
(2014) reported that the selection efficiency depends 
on the extent of heritability. The medium to lower 
broad sense heritability showed by early ground cover 
(35%), grain per spike (49%), grain weight (50%) and 
yield (57%). Araus et al. (2000) reported that grain 
yield is a quantitative trait, influenced by the number 
of environmental factors and, hence, employing low 
heritability estimates. Low broad sense heritability 
estimates indicated the low genetic potential for these 
traits among the studied genotypes. These results 
suggested that the selection should be delayed to late 
filial generations (F5-F6) on the basis of these traits. 

Genotypic and phenotypic correlation: Genotypic 
correlation coefficient revealed that early ground 
cover (EGC) had highly significant positive 
association with the number of tillers and grain yield 
(Table 2). Similar results were revealed by phenotypic 
correlation coefficient. This suggested that the 
enrichment of tillering capacity may be attributed to 
early ground cover, which, ultimately, had the 
positive impact on grain yield. Chhibber and Jain 
(2014) and Suleiman et al. (2014) observed similar 
findings that tillering is closely associated to early 

ground cover, which further enhanced the 
photosynthetic activity, carbohydrate formation and 
finally the grain yield. Meanwhile, canopy 
temperature and grain weight exhibited a highly 
significant negative association, which revealed that 
early ground cover may be attribution of a decrease in 
canopy temperature. As early ground cover increased 
the number of tillers (which starts the intra-plant 
competition), it is strong enough to limit the 
availability of resources for the proper grain filling 
ultimately grain weight is decreased. 

Canopy temperature revealed the highly 
significant negative genotypic correlation with grain 
yield, suggesting that the plants with hot canopies 
corresponded to low yielders. This idea is supported 
by Ata et al. (2014), who stated that the plant with 
cooler canopies ultimately revealed higher yields. It 
also demonstrated highly significant positive 
correlations with days to heading, days to maturity 
and grains per spike. These results gave a clue that the 
plants with hot canopies tend early days to heading 
and days to maturity as confirmed by earlier findings 
of Araus et al., 2008, Balota et al., 2008. Similar 
findings were revealed by phenotypic correlations that 
canopy temperature had significant negative 
correlation with yield, while significant positive 
correlations with early days to heading and days to 
maturity. Days to heading showed a highly significant 
positive genotypic and phenotypic correlation with 
days to maturity, grain per spike and plant height, 
whereas, highly significant to significant negative 
correlation with grain weight. Days to maturity 
depicted highly significant positive genotypic 
correlation with grains per spike and plant height, 
while a negative correlation with grain weight and 
yield. This suggested that early days to maturity 
improved the grains per spike, but due to short period 
of time grains were not completely filled and thus 
looked like shriveled grains, which ultimately 
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corresponded to low grain weight and yield. 
Similarly, it showed highly significant positive 
phenotypic correlation with grains per spike. The 
grain per spike exhibited a significant negative 
genotypic and phenotypic association with grain 
weight. Tillers per plant had a highly significant 
positive genotypic and phenotypic correlation with 
plant height and yield, whereas a negative correlation 
with the grain weight due to an intra plant 
competition. Singh et al. (2010), Baloch et al. (2013) 
and Suleiman et al. (2014) also observed that grain 
yield was positively correlated with productive tillers. 
Plant height exhibited a positive genotypic correlation 
with grain weight and yield. Chowdhry et al. (2000); 
Chowdhry et al. (2002) and Kashif and Khaliq (2003) 
found similar results, i.e. single plant yield showed 
significant positive relationship with the height of 
plant, number of tillers produced by the single plant 
and weight of 1000 grains. This may be due to equal 
portioning of dry matter between grain yield and plant 

height. Similar results were observed by Ata et al., 
2014, however, a contradiction shown by earlier 
studies of Suleiman et al., 2014. Grain weight showed 
a negative genotypic association with plant yield. 
Similar results were reported by earlier studies of 
Singh et al. (2010). Meanwhile, contradictory results 
were reported by Subhani and Chowdhry (2000), 
showing under drought stress conditions, the grain 
yield was positive and significantly correlated with 
1000-grain weight. 

Path coefficient analysis: A path coefficient analysis 
demonstrated that canopy temperature (0.141), days to 
maturity (0.646), tillers per plant (0.291) and plant 
height (0.259) had a positive, direct effect on grain 
yield (Table 3). This revealed that the highest 
positive, direct effect was shown by days to maturity 
and plant height on grain yield. This suggested that 
the slight enhancement in one of the above traits may 
directly enhance the crop yield. 

Table 2: Phenotypic and genotypic correlation of ten wheat genotypes for physiological and morphological traits. 

 Early ground 
cover 

Canopy 
temperature 

Days to 
heading 

Days to 
maturity 

Grain per 
spike 

Tillers 
Plant 
height 

Grain 
weight 

Yield per 
plant 

Early ground 
cover  – –0.849** –0.225ns –0.223 ns 0.064 ns 0.730** 0.129 ns –0.774** 0.756**  

Canopy 
temperature  

–0.441* – 0.715** 0.727** 0.945** –0.273 ns 0.103 ns –0.065 ns –0.545** 

Days to 
heading 

–0.115 ns 0.531** – 0.925** 0.914** 0.126 ns 0.609** –0.472** –0.206 ns  

Days to 
maturity 

–0.011 ns 0.435* 0.785** – 0.984** 0.153 ns 0.801 ns –0.279 ns 0.089 ns 

No. of grains 
per spike 

–0.215 ns 0.286 ns 0.642** 0.625** – –0.034 ns 0.323 ns –0.741** –0.078 ns 

No. of tillers 
per plant  

0.423** –0.302 ns –0.378* –0.111 ns –0.403* – 0.504** –0.157 ns 0.538**  

Plant height 0.019 ns 0.002 ns –0.177 ns 0.098 ns –0.050 ns 0.410* – 0.026 ns 0.289 ns 

1000 grain 
weight 

–0.159 ns 0.076 ns 0.109 ns 0.241 ns 0.079 ns –0.038 ns 0.077 ns – –0.016 ns 

Yield per plant 0.571** –0.425 ns  0.583** 0.604** 0.313 ns 0.509 ns 0.100 ns 0.071 ns – 

Values presented above diagonal is genotypic correlations and below diagonal is phenotypic correlations, *= Significant, ** = Highly 
significant, ns = non-significant (at P < 0.05). 

 

Table 3: Direct and indirect effects of physiological and morphological traits on yield per plant. 

 Early ground 
cover 

Canopy 
temperature 

Days to 
heading 

Days to 
maturity 

Grain per 
Spike 

Tillers 
Plant 
height 

Grain 
weight 

Early ground cover –0.017 –0.120 0.296 –0.144 –0.016 0.213 0.066 0.478 

Canopy temperature  0.014 0.141 –0.942 0.469 –0.241 –0.079 0.053 0.040 

Days to heading 0.003 0.101 –1.318 0.598 –0.234 0.036 0.313 0.292 

Days to maturity 0.003 0.102 –1.220 0.646 –0.251 0.044 0.412 0.173 

No. of grains per 
spike 

–0.001 0.133 –1.204 0.635 –0.256 –0.010 0.166 0.458 

No. of tillers per 
plant 

–0.012 –0.039 –0.165 0.097 0.008 0.291 0.013 0.097 

Plant height –0.002 0.014 –0.803 0.517 –0.082 0.146 0.259 –0.015 

1000 grain weight 0.013 –0.009 0.622 –0.180 0.189 –0.045 0.514 –0.818 

 
The highest positive indirect effect towards the 

grain yield was shown by early ground cover via 
canopy temperature (0.015), canopy temperature via 
grain per spike (0.134), days to heading via grain 
weight (0.622), followed by early ground cover 

(0.296), days to maturity via grain per spike (0.636) 
and days to heading (0.598), grain per spike via grain 
weight (0.190), tillers per plant via early grain cover 
(0.213), followed by the plant height (0.147), the 
plant height via days to maturity (0.412) and days to 
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heading (0.314), tillers per plant via early grain cover 
(0.213), followed by plant height (0.147) and grain 
weight via early grain cover (0.479) and grain per 
spike (0.458). 

CONCLUSION 

In this study, the analysis of variance of all traits 
was found to be highly significant. The interpretation 
of results suggested that the traits, like, days to 
heading, plant height, days to maturity, number of 
tillers and canopy temperature, showed least 
differences between genotypic and phenotypic 
coefficient of variation leading to high heritability 
94%, 87%, 78%, 72% and 61%, respectively. Least 
differences among genotypic and phenotypic 
coefficient of variability, corresponding to high 
heritability, was examined by earlier studies. Higher 
magnitude of these traits suggested that a greater 
proportion of the entire variance was because of 
genotypic variance. Correlation studies revealed that 
early ground cover and tillers per plant had a highly 
significant positive correlation with grain yield. As 
tillering is closely associated with early ground cover, 
it enhanced the photosynthetic activity, carbohydrate 
formation and ultimately improves the grain yield. 
Canopy temperature showed a significant negative 
correlation with grain yield, suggesting that a high 
canopy temperature corresponded to lower yielding 
genotypes and vice versa. Path analysis demonstrated 
that canopy temperature, days to maturity, tillers per 
plant and plant height had a positive, direct effect on 
the grain yield, whereas, most of the traits had indirect 
effect on grain yield via early ground cover. This 
suggested that a slight increment in one of the above 
traits may directly enhance the crop yield. Hence, it 
may be concluded that the canopy temperature may be 
as secondary, while days to maturity and plant height 
may be primary selection criterion of drought tolerant 
genotypes with higher yield in breeding program. 
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