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planted under timely sown (3
rd

 week of November,

control) and late sown (3
rd

 week of December, heat

stress) using Randomized Block Design with three

replications. Five plants of each genotype from each

replication were selected randomly for trait

measurement. Fourteen morpho-physiological traits

viz., Days to heading (DH), NDVI, SPAD, canopy

temperature (CT), plant height (PH), peduncle length

(PL), No. of spikelet/spike (SPS), spike length (SL),

plot yield (PY), biomass (BM), thousand grain weight

(TGW), days to maturity (DM), grain filling days (GFD)

and glaucousness index (GI) were recorded.

Multivariate analysis was performed as

previously described by Yadav et al. (2004). Clustering

and dendrograms were prepared using Wards’ method

of Hierarchical Cluster Analysis (HCA) (Shamim et al.

2014). Relative importance of traits in clustering was

calculated using Principal Component Analysis (PCA).

Cluster Score was calculated using weighted linear

combination of morpho-physiological traits.

Classification accuracy of Wards’ method of HCA was

tested by Discriminant Analysis (DA). These statistical

analyses were carried out using SPSSv.16 software.

Heat Susceptibility Index (HSI) was calculated for plot

yield using formula by Fisher and Maurer (1978).

Thirty-four genotypes were classified into three

different clusters using Ward’s HCA method (Table

1). Genotypes in Cluster I had significantly higher
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Terminal heat tolerance of 34 wheat genotypes were

analyzed for two years. Among 14 traits, canopy

temperature, plot yield and days to heading were major

components in clustering of genotypes. Three genotypes

namely, DBW39, DBW16 and DBW14 had lowest heat

susceptibility index (0.34-0.36) for plot yield and were

considered as heat tolerant genotypes by both Hierarchical

Cluster Analysis as well as Discriminant Analysis. These

genotypes may serve as potential donors in wheat breeding

to improve the terminal heat tolerance.
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High temperature induced heat stress is one of the

major challenges for wheat production and optimal crop

yield (IPCC 2007). It has been reported earlier that

with 1ºC increase in temperature global wheat

production is reduced by 6% (Asseng 2015). Effect of

terminal heat stress in wheat is detrimental at

reproductive and grain filling stages and leads to

adverse effects on various parameters of grain

development (Reynolds et al. 2012). The present study

was undertaken to evaluate terminal heat tolerance in

wheat  by studying morpho-physiological parameters.

The experimental materials comprised of 34

diverse wheat genotypes sown during rabi season

2016-17 and 2017-18 at Agriculture Research Farm,

Banaras Hindu University, Varanasi. The material was
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values for TGW (22.2%), PY (39.47%), BM (47.2%)

and GFD (15.7%) than the mean value of respective

traits of 34 genotypes.

PCA showed that the CT, DH, PY and biomass

had maximum contribution in grouping of clusters. Heat

tolerance level of genotypes under different clusters

were identified by summation of linear combination of

selected traits under heat stress and, thus, the total

score of each cluster was calculated. Based on the

score values, cluster I genotypes were identified as

tolerant (1268.98), Cluster II as sensitive (683.91) and

cluster III as intermediate (901.31) for terminal heat

stress.

Dendrogram analysis revealed group II as the

largest with 16 genotypes followed by group I with 15

genotypes. Group III had only 3 genotypes. DA showed

that there were significant covariance matrix

differences between the clusters (p<0.01) (Table 2).

In present analysis, a canonical correlation for function

1 was 0.988. Wilk’s lambda indicated the significance

of the discriminant function. Eigen values for the

discriminant functions were computed where function

1 (39.26) explained 94.9 % variance for selected traits.

However, function 2 contributed to only 5.1% of the

total phenotypic variance. The DA predictions showed

consistency with HCA, which suggests the use of DA

in screening large number of genotypes for heat

tolerance. HSI was analyzed to evaluate heat stress

tolerance (Tiwari et al. 2013). Based on HSI score,

Table 1. Descriptive statistics of morpho-physiological traits of 34 genotypes under different clusters

Parameters Cluster I Cluster II Cluster III Total

Mean SD Mean SD Mean SD Mean SD

DH 61.93 1.49 61.25 1.00 65.67 0.58 61.94 1.70

NDVI 0.53 0.03 0.47 0.04 0.51 0.10 0.50 0.05

SPAD 43.95 1.79 40.40 2.09 39.97 0.58 41.92 2.59

CT 18.47 0.59 21.16 1.16 21.69 0.28 20.02 1.66

PL 13.90 1.82 13.63 1.75 11.33 1.15 13.54 1.84

PH 86.14 2.33 78.33 4.48 77.33 2.52 81.69 5.29

SPS 15.13 1.23 14.43 1.54 14.22 0.69 14.72 1.37

SL 13.73 1.28 11.35 1.72 11.46 1.59 12.41 1.90

PY 307.50 29.39 142.38 29.63 201.78 16.66 220.47 84.93

BM 757.57 65.58 292.60 67.10 481.07 25.67 514.36 233.97

TGW 43.55 2.95 28.94 3.16 31.68 3.47 35.63 7.78

DM 91.22 1.79 84.13 3.52 84.00 1.73 87.25 4.48

GFD 29.29 1.80 22.88 3.83 18.33 1.15 25.30 4.75

GI 2.82 0.87 1.90 0.59 2.67 1.15 2.37 0.88

Table 2. Summary of discriminant analysis of various traits under different clusters

Box’s M F Degree of Freedom 1 Degree of Freedom 2 SIG

Box’s test of equality of covariance matrices

251.009 1.383 91 2611 0.01

Function Eigen value % of variance   cumulative % canonical correlation

1 39.26 94.9 94.9 0.988

2 2.13 5.1 100 0.825

Test of function Wilk’s Lambda Chi Square DF SIG

Wilk’s Lambda 0.008 120.89 26 0

1 through 2
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wheat genotypes were classified into three groups-

tolerant (HSI<0.5), sensitive (HSI>1.0) and

intermediate (HSI= 0.5-1.0). DBW16, DBW14 and

DBW39 showed least values of HSI, indicating that

they were heat tolerant.

Experiment was repeated in the next year (2017-

18). Similar results were obtained as the first year

clearly suggested reproducibility of the data set. Taken

together, DBW16, DBW14 and DBW39 were identified

as heat tolerant genotypes that may be used as

parents/donor in future breeding program to enhance

heat tolerance of wheat.
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