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Wheat (Triticum aestivum L.) is one of the most important
food crops in world. Among various food grains, wheat
stands next to rice, both in area and production. The
share of wheat in total food grain production is around
35.5% and share in area is about 21.8% of the total area
under food grains (Joshi ez al, 2025). The major wheat
producing states are Uttar Pradesh, Punjab, Haryana,
Madhya Pradesh, Rajasthan, Bihar, Maharashtra, Gujarat,
etc. These states contribute about 87.5% of total wheat
production in the country. Climate change and the rapidly
growing global population pose significant threats to
global food security. Rising temperatures, reduced and
erratic rainfall, and shorter winter seasons have intensified
abiotic stresses particularly drought and heat stress which
are among the most damaging factors affecting crop
growth, development, yield potential, and food quality.
High temperature stress, already a major limitation to
the productivity of crops such as wheat, is expected to
worsen with ongoing climatic changes. Climate models
predict a temperature increase of 1-4 °C by the end
of the twenty-first century, potentially reducing wheat
yields by 4.1-6.4%. Excessive heat disrupts plant growth
and development by affecting physiological functions,
grain formation, and yield, and by impairing metabolic

processes such as protein synthesis, enzyme activity, and
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cellular integrity, including membrane stability and cell
division. In wheat, the optimum temperature during
anthesis to grain maturity is 22-25 °C; temperatures
beyond this range can cause irreversible damage. Under
late-sown conditions, wheat genotypes often experience
temperatures of 25-32 °C during anthesis and grain filling,
leading to accelerated maturation and substantial yield
reduction. Heat tolerance in wheat breeding is increasingly
vital as rising global temperatures threaten crop
productivity and food security. The correlation coefficient
gives a measure of the important poor relationship between
traits and provides the degree to which various characters
of a crop are associated with productivity. Association of
character with yield and among themselves and the extent
of environmental influence on the expression of these
characters are necessary. In such situations, correlation and
path coefficient analysis could be used as an important tool
to bring information about appropriate cause and effects
relationship between yield and yield contributing traits.
Correlation and path-coefficient analysis lead us to a clear
understanding of the genetic association of various plant
traits and their contribution of various yield and yield

contributing traits.

The experimental material consisted of 48 diverse

genotypes of wheat (Zriticum aestivum L.) representing




different geographic origins (Table 1).The pure seeds of
these genotypes were obtained from the Research Scientist
(Wheat), Wheat Research Station, Junagadh Agricultural
University, Junagadh, Gujarat. The selected genotypes
consisted of released varieties as well as breeding lines
developed at different sources India. Genotypes of wheat
were sown at normal and late sowing condition in a
Randomized Block Design with three replications during
Rabi 2017-2018. The observations were recorded on five
randomly selected plants from each entry and replication
for different characters viz., plant height (cm), number
of effective tillers per plant, length of main spike (cm),
number of grains per main spike, grain weight per main

spike (g), grain yield per plant (g), biological yield per plant
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(g), harvest index (%), 1000 grain weight and chlorophyll
content(CHL, & CHL, ) while days to 50% flowering, days
to maturity and grain filling period (days) was measured
on plot basis. The chlorophyll content was measured using
Soil Plant Analyzer Development (SPAD) meter. The data
recorded for various characters were statistically analysed
for various parameters viz, genotypic and phenotypic
correlations and path coefficient analysis and heat tolerance.
The mean values were used for the statistical analysis. The
phenotypic and genotypic correlation coefficients for pair
of the characters were worked-out through covariance
analysis as per Al-Jibouri ez al. (1958). The genotypic path
coefficient analysis was done as per the method suggested
by Dewey and Lu (1959).

Table 1: List of genotypes used for study and their source

Sr. No. Name of genotype Source

1 AKAW 4842 PDKYV, Akola, Maharashtra

2 AKAW 4924 PDKV, Akola, Maharashtra

3 BRW 3775 BAU, Sabour, Bihar

4 BRW 5872 BAU, Sabour, Bihar

5 CG 1014 IGKVYV, Chhattisgarh

6 DBW 173 ITWBR, Karnal , Haryana

7 DBW 235 ITWBR, Karnal , Haryana

8 DWAP 1530 ITWBR, Karnal , Haryana

9 GW 11 WRS, Vijapur, Gujarat

10 GW 173 WRS, Vijapur, Gujarat

11 GW 451 WRS, Vijapur, Gujarat

12 GW 477 WRS, Junagadh, Gujarat

13 GW 493 WRS, Vijapur, Gujarat

14 GW 495 WRS, Junagadh, Gujarat

15 GW 498 WRS, Junagadh, Gujarat

16 HD 3215 TIARI, New Delhi

17 HI 1544 IARI, Indore, Madhya Pradesh
18 HPW 360 CSKHPKYV, Malan, Himachal Pradesh
19 HS 592 IARI, RS, Shimla, Himachal Pradesh
20 HUW 675 BHU, Varanasi, Uttar Pradesh

21 HUW 1525 BHU, Varanasi, Uttar Pradesh
22 JWS 152 JNKVYV, Jabalpur, Madhya Pradesh
23 JWS 810 JNKVYV, Jabalpur, Madhya Pradesh
24 K 1610 CSAUA & T, Kanpur, Uttar Pradesh
25 KBRL 77-1 PAU, Ludhiana, Punjab
26 LBPY 2013-3 ITWBR, Karnal, Haryana

27 LOK 11 Lok Bharti Sanosara, Gujarat
28 MACS 6222 ARI, Pune, Maharashtra
29 MACS 6703 ARI, Pune, Maharashtra
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30 MP 1339
31 MP 3288
32 NIAW 3161
33 NW 5054
34 PBW 770
35 PHSL 5
36 QBP-12-9
37 RAJ 3077
38 RAJ 3765
39 RAJ 4238
40 RAJ 4493
41 RAJ 4500
42 UAS 391
43 UP 2672
44 UP 2959
45 VL 1003
46 WH 147
47 WH 730
48 WH 1234

JNKVYV, Jabalpur, Madhya Pradesh
JNKVYV, Jabalpur, Madhya Pradesh
MPKYV, Niphad, Maharashtra
NDUA & T, Faizabad, Uttar Pradesh
PAU, Ludhiana, Punjab
ITWPR, Karnal, Haryana
ITWBR, Karnal, Haryana
SKRAU, Durgapur, Rajasthan
SKRAU, Durgapur, Rajasthan
SKRAU, Durgapur, Rajasthan
SKRAU, Durgapur, Rajasthan
SKRAU, Durgapur, Rajasthan
UAS, Dharwad, Karnataka
GBPAU & T, Pantnagar, Uttarakhand
GBPAU & T, Pantnagar, Uttarakhand
VPKAS, Almora, Uttarakhand
CCSHAU, Hisar, Haryana
CCSHAU, Hisar, Haryana
CCSHAU, Hisar, Haryana

The study of genotypic correlation gives an idea of the
extent of relationship between different variables. This
relationship among yield contributing characters as
well as their association with yield provides information
for exercising selection pressure for bringing genetic
improvement in grain yield. In general, the values of
genotypic correlation were higher than their corresponding
phenotypic correlations in the present study (Table 2&3).
It indicated that there was a high degree of association
between two respective variables at genotypic level, while
its phenotypic expression was deflated by the influence
of environment. The phenotypic correlation coefficients
in very few cases were higher than their corresponding
genotypic correlation coefficients which might be due to
the non-genetic causes; probably environment influenced

the value of phenotypic correlation (Patel ez al., 2025).

Under timely sowing condition (D), the characters, grain
yield per plant exhibited highly significant and positive
genotypic and phenotypic correlation with biological yield
per plant (Ramanuj, 2018; Borkhatariya et al, 2025; Puri
et al., 2025, whereas significant and positive correlations
at both levels with harvest index was also found by Patel
(2018). Moreover, grain yield per plant also manifested
positive, but non-significant genotypic and phenotypic
correlation with number of effective tillers per plant, length
of main spike and 1000-grain weight. It also manifested

the positive but non-significant correlation at phenotypic
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level with plant height which was also supported by Bhanu
et al. (2018) and Karla et al. (2024).

Under late sown condition (D,), grain yield per plant had
highly significant and positive genotypic and phenotypic
correlation with biological yield per plant and harvest
index (Patel, 2018). The grain yield per plant had positive
but non-significant correlation with grain filling period,
number of effective tillers per plant and 1000-grain weight
at both levels.

Days to 50% flowering exhibited highly significant and
positive correlation both at genotypic and phenotypic
levels with days to maturity (Patel, 2018). While, length of
main spike exhibited significant and positive association
at genotypic level with days to 50% flower under late
sowing condition (Patel, 2018). Days to maturity showed
highly significant and positive correlation at both the levels
with grain filling period under both sowing conditions;
significant and positive correlation at both levels with
plant height under timely sowing condition; significant
and positive correlation at both levels with biological
yield per plan under late sowing condition and significant
and positive genotypic correlation with length of main
spike under late sowing condition. These relationships
indicated that the improvement in one character, which
in turn automatically lead to increase in grain yield. Days

to 50% flowering and days to maturity had significant and
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highly significant but negative correlation respectively
with harvest index (Patel, 2018). Days to 50% flowering
also had significant but negative genotypic correlation with
1000-grain weight (Singh ez al., 2003). This result of special
significant for trait suggested that selection for flowering
and early maturity would likely to provide genotypes with

higher harvest index.

The grain filling period exhibited highly significant and
positive correlation with plant height and chlorophyll
content at anthesis at both levels and significant correlation
only at genotypic level with 1000-grain weight (Rathwa
et al., 2018). The plant height possessed significant and
positive correlation with 1000-grain weight but had
exhibited highly significant and negative association with
number of effective tillers per plant (Patel, 2018). Number
of effective tillers per plant showed highly significant and
positive correlation at both levels with harvest index while
it had significant but negative association with number
of grains per main spike and chlorophyll content at 21
days after anthesis (Patel, 2018). Length of main spike
exhibited highly significant and positive correlation with
chlorophyll content at 21 days after anthesis at genotypic
level while at phenotypic level only significant and
found significant and positive correlation with number
of grains per main spike only at genotypic level (Table
4 & 5). Number of grains per main spike showed highly
significant and positive correlation at genotypic level
while significant and positive correlation at phenotypic
level with biological yield per plant. The interrelationship
between grain weight per main spike and 1000-grain
weight was positive and highly significant and significant
at genotypic and phenotypic level respectively. Biological
yield showed highly significant but negative association
with harvest index at both levels (Ramanuj, 2018). Harvest
index exhibited highly significant but negative correlation
at both levels with 1000-grain weight while negatively
significant at genotypic level only with chlorophyll content
at 21 days after anthesis (Ramanuj, 2018). Chlorophyll
content at anthesis showed significant to highly significant
and positive correlation at both levels with chlorophyll
content at 21 days after anthesis (Table 4 & 5).

The results on correlation coefficients in the present
study revealed that under both conditions, biological
yield and harvest index were the most important traits

and may contribute considerably towards higher grain

Quantitative heat tolerance trait analysis in wheat

yield (Table 4 & 5). The interrelationship among yield
components would help in increasing the yield levels
and, therefore, more emphasis should be given to afore

said components, while selecting better types in wheat.

The path coefficient analysis revealed that the days to
50% flowering, grain filling period, biological yield per
plant and harvest index showed high and positive direct
effect on grain yield per plant under timely sowing (D)
condition. While, in case of late sowing condition, days to
50% flowering biological yield per plant and harvest index
exhibited high and positive direct effect on grain yield per
plant. Similar results has been reported by Rathwa ez al.
(2018) and Patel (2018).Thus, these characters turned to

be the major components of grain yield.

The characters like 1000-grain weight and chlorophyll
content at anthesis exerted low and positive direct effect
on grain yield per plant (Karla e al., 2024). Days to
maturity, plant height, number of effective tillers per plant,
length of main spike, number of grains per main spike,
grain weight per main spike and chlorophyll content at
21 days after anthesis showed low negative direct effect
on grain yield per plant. Number of effective tillers had
low direct effect but supplemented yield through indirect
effect from biological yield per plant. Thus, giving rise to
significant and positive associations of these traits with
grain yield in timely sowing (D,) condition. Similarly,
characters like grain filling period, plant height, length of
main spike, number of grains per main spike, 1000-grain
weight and chlorophyll content at 21 days after anthesis
exhibited low and positive effects on grain yield per plant
(Puri e al, 2025). While, days to maturity, number of
effective tillers per plant, grain weight per main spike and
chlorophyll content at anthesis showed low and negative
effects on grain yield per plant. Borkhatariya ez al. (2025)
also reported the low and negative effects on grain yield
from chlorophyll content at anthesis. Grain yield was also
affected indirectly by biological yield and harvest index via
effects on days to maturity and number of effective tillers
per plant respectively. Thus, giving rise to significant and
positive associations of these traits with grain yield in late

sowing (D,) condition.
Conclusion

It was apparent from the path analysis that maximum
direct effects as well as appreciable indirect influences

was exerted by biological yield per plant and harvest
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index towards grain yield under both conditions, both
these characters also exhibited significant and positive
association with grain yield per plant and hence, these may
be considered as the most important yield contributing
characters and due empbhasis should be placed on these

components while breeding for high yield in wheat.
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