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Abstract
Purpose – The purpose of this paper was to study the genetic variability, heritability, heat tolerance indices
and phenotypic and genotypic correlation studies for traits of 250 elite International Center for Agricultural
Research in the Dry Areas (ICARDA) bread wheat genotypes under high temperature in Wad Medani, Center
in Sudan.
Design/methodology/approach – Bread wheat is an important food on a global level and is used in the
form of different products. High temperature associated with climate change is considered to be a detrimental
stress in the future on world wheat production. A total of 10,250 bread wheat genotypes selected from
different advanced yield trials introduction from ICARDA and three checks including were grown in two
sowing dates (SODs) (1st and 2nd) 1st SOD heat stress and 2nd SOD non-stress at the Gezira Research Farm,
of the Agricultural Research Corporation, WadMedani, Sudan.
Findings – An alpha lattice design with two replications was used to assess the presence of phenotypic and
genotypic variations of different traits, indices for heat stress and heat tolerance for 20 top genotypes and
phenotypic and genotypic correlations. Analysis of variance revealed significant differences among
genotypes for all the characters. A wide range, 944-4,016 kg/ha in the first SOD and 1,192-5,120 kg/ha in the
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second SOD, was found in grain yield. The average yield on the first SOD is less than that of the secondnd
SOD by 717.7 kg/ha, as the maximum and minimum temperatures were reduced by 38C each in the second
SODwhen compared to the first SOD of the critical stage of crop growth shown.
Research limitations/implications – Similar wide ranges were found in all morpho-physiological
traits studied. High heritability in a broad sense was estimated for days to heading and maturity. Moderate
heritability estimates found for grain yield ranged from 44 to 63.6 per cent, biomass ranged from 37.8 to 49.1
per cent and canopy temperature (CT) after heading ranged from 44.2 to 48 per cent for the first and secondnd
SODs. The top 20 genotypes are better than the better check in the two sowing dates and seven genotypes
(248, 139, 143, 27, 67, 192 and 152) were produced high grain yield under both 1st SOD and 2nd SOD.
Practical implications – The same genotypes in addition to Imam (check) showed smaller tolerance
(TOL) values, indicating that these genotypes had a smaller yield reduction under heat-stressed conditions
and that they showed a higher heat stress susceptibility index (SSI). A smaller TOL and a higher SSI are
favored. Both phenotypic and genotypic correlations of grain yield were positively and significantly
correlated with biomass, harvest index, number of spikes/m2, number of seeds/spike and days to heading and
maturity in both SODs and negatively and significantly correlated with canopy temperature before and after
heading in both SODs.
Originality/value – Genetic variations, heritability, heat tolerance indices and correlation studies for traits
of bread wheat genotypes under high temperature
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Introduction
Bread wheat is adapted to many different environments, such as heat-stress conditions. In
such areas, heat stress is one of the most important production challenges for wheat. The
expected rising global temperature of 1-4°C over the next 50 years will have an effect on the
production of wheat in the tropics through heat stress (Hansen, 2006). Heat stress affects
more than 30 million hectares of wheat annually in the world and leading to significant grain
yield reduction (Battisti and Naylor, 2010). High temperature is reported to decrease yields by
3 to 5 per cent per every 1°C increase above 15°C in plants under controlled conditions
(Gibson and Paulsen, 1999). In addition, the effect of climate change is also evident on the
quality of wheat, as increased heat results in shriveled wheat grains (Tadesse et al., 2013). To
adapt new crop varieties to the future climate, we need to understand how crops respond to
elevated temperatures and how tolerance to heat can be improved (Halford, 2009). Success in
crop improvement generally depends on the magnitude of genetic variability and the extent
to which the desirable characters are important. Germplasm evaluation will be of great
significance for selection of heat-tolerant genotypes and for improving grain yield under high
temperature. Thus, the objectives of the research were to study the genetic variability,
heritability, heat tolerance indices and phenotypic and genotypic correlation studies for traits
of 250 elite International Center for Agricultural Research in the Dry Areas (ICARDA) bread
wheat genotypes under high temperature inWadMedani, Sudan.

Materials and methods
Experimental site
The experiments were conducted twice. The first sowing date (SOD) was on 20 November
20and the second SODwas on December 12 in season (2016/17) at the Gezira Research Farm
(GRF) of the Agricultural Research Corporation (ARC), WadMedani, Sudan (latitude 14°-24¨
N and longitude 29°-33¨ E and 407 masl). The site of GRF is classified as heavy clay soil,
with a low pH of about 8.0-8.4, low organic matter (0.05), deficient in nitrogen (380 ppm), and
phosphorus (ESP, 4 ppm).
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Experimental materials
Experiments were conducted using 250 genotypes selected from different advanced yield
trials introduction from ICARDA, genotypes including three genotypes as checks, namely
Imam, Goumria and Nebta.

Experimental design and cultural practices
Experiments were arranged in an alpha lattice design with two replications. Plots consisted
of four rows, 3 m long and 0.2 m apart. Seeds were sown at the rate of 120 kg/ha. The
recommended dose of fertilizer (43 kg P2 O5/ha) was applied prior to sowing, and 86 kg N/ha
as urea was applied with the second and fourth irrigations. The experiments were irrigated
at 10-12 days’ interval.

Measurements
Data were recorded on score (1-5), 5 = best of ground cover at full ground cover, canopy
temperature (CT) measured by infrared thermometer before and after heading, chlorophyll
content measured by SPAD before and after heading, days to heading and maturity, plant
height, number of spikes/m2, number of seeds/spike, 1,000 seed weight, biomass, harvest
index and grain yield.

Statistical analysis
The data were statistically analyzed using Genestat. Correlation figures were calculated
using excel computer program and genotypic correlations were calculated usingMETA-R.

According to Comstock and Robinson (1952), broad sense heritability (hb
2) estimates for

yield and the related traits were computed as the ratio of genotypic variance to phenotypic
variance. h2b per cent = (s2g/s

2
p)� 100,

where h2b = broad sense heritability, s2
g = the genotypic variance and s2

p = the
phenotypic variance. Genotypic variance (Vg) = s2

g= (mt - me)/r,
where mt = mean of sum of squares for genotypes, me = mean of sum of squares for error

and r= number of replications:

Phenotypic variation ðVpÞ ¼s 2
p¼s 2

g þ me:

The mean values were used for genetic analyses to determine phenotypic coefficient of
variation (PCV) and genotypic coefficient of variation (GCV), according to Singh and
Chaudhary (1985), using:

Phenotypic coefficient of variation ¼ PCV% ¼
ffiffiffiffiffiffiffiffi
s 2p

p

x�
� 100

Genotypic coefficient of variation ¼ GCV% ¼
ffiffiffiffiffiffiffiffi
s 2g

p

x�
� 100;

where s2 p= phenotypic variation,
s2 g= genotypic variation, and

x = grandmean of the character studied
The GCV and PCV values were categorized as low (0-10 per cent), moderate (10-20 per cent)
and high (20 per cent and above) values, as indicated by Burton and de vane (1953).
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The genetic advance (GA) per cent method suggested by Singh and Chaudhary (1985)
was calculated as K:

GA ¼ K*s p* h2b;

where:GA: genetic advance,K: constant = 2.06 at 5 per cent selection intensity,s p: square
root of phenotypic variance, and h2b: heritability.

Heat tolerance indicators
� SSI = 1� (ys/yp)/1� ys= yp (Fischer and Maurer,1978);
� mean productivity (MP) = ypþ ys/2 (Hossain et al., 1990);
� TOL = yp� ys (Hossain et al., 1990);
� stress tolerance index (STI) = yp *ys/p2y (Fernandez, 1992);
� geometric mean productivity (GMP) =

ffiffiffiffiffiffiffiffiffiffiffiffi
yp xys

p
(Fernandez, 1992);

� yield index (YI) = ys/ ys (Gavuzzi et al., 1997); and
� yield stability index (YSI) = ys/yp (Bouslama and Schapaugh, 1984).

Sowing dates conditions (temperatures)
Compare between two SODs, as generally the mean temperature in the first SOD at a critical
period of growth (from December 20 to January 20) is higher than the second SOD at a
critical period (from the end of January to the end of February). The maximum and
minimum temperatures were reduced by 3°C in the second SOD when compared to the first
SOD of the critical stage of crop growth shown in Table I and Figure 1.

Table I.
Maximum, minimum

and mean
temperatures (°C) of
critical stage of crop
growth at first and

second sowing dates
in season 2016/17 at
GRF, wad medani,

Sudan

Critical period for the first SOD Critical period for the second SOD
21-31

December
1-10

January
11-20

January Mean
1-10

February
11-20

February
21-29

February Mean

Maximum 35 37 37 37 35 33 35 34
Minimum 19 19 18 19 16 16 16 16
Mean 27 28 28 28 26 25 26 26

Figure 1.
Yield correlated with
biomass in the first

SOD
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Results and discussion
Phenotypic variation
Yield and yield components variation. Highly significant differences were found for yield
and yield components for two SODs, except the 1,000 seed weight and the harvest index in
the first SOD were found to be significantly different (Table II). These variations among
genotypes for their traits reflect their different genetic backgrounds. These results were in
agreement with those of Reynolds et al. (1994), Elahmadi et al. (1996), Khopra and
Viswanthan (1999) and Slafer et al’s. (2005). They showed significant phenotypic variability
for different traits, such as number of spikes m�2, number of grain per spike, harvest index
and biomass and grain yield. Genotypes differed significantly for these traits among these
experiments, indicating the presence of a sufficient genetic variability to identify the best
genotypes. The maximum, minimum and mean for spikes m�2, harvest index and 1,000
seed weight were almost similar for the first and the second SODs, whereas there was a
great difference between the two SODs in terms of grain yield and biomass for maximum
and mean values. The maximum grain yield was 4,016 and 5,120 kg/ha , and the maximum
biomass was 11,032 and 13,625 kg/ha for the first and the second SODs, respectively
(Table II). This difference is due to the difference in temperature, as the second SOD is
generally cooler than the first SOD.

Physiological traits variations. The maximum, minimum and mean values for score of
ground cover (1-5, where 5 = best), canopy temperature (before and after heading) and
chlorophyll content (before and post heading) of the 250 genotypes in the two SODs are
shown in Table III. Significant differences among the tested genotypes for these
physiological traits were found, and similar results for variations of these traits were found
by Rahman et al. (1997) and Reynolds et al. (2007).

Morphological traits variations. Highly significant genotypic differences were found for
days to heading, days to maturity, plant height and number of spike/m2 (Table IV). There
was a wide range of variations in these traits; days to heading ranged from 41 to 70, days to
maturity ranged from 73 to 102, plant height ranged from 44 to 87 cm and the number of
spike/m2 ranged from 202 to 586. This variation depends on the heat and stress tolerance
levels of genotypes. A large variation in the degree of response of bread wheat to heat stress
was observed for various traits, including days to heading and maturity and plant height
(Elahmadi et al., 1996).

Genotypic variations. Genotypic variance, phenotypic variance, genotypic coefficient of
variability (GCV), phenotypic coefficient of variability (PCV), broad-sense heritability and

Table II.
Mean minimum and
maximum values for
yield and yield
components of the
250 elite spring bread
wheat genotypes
grown in the two
SODs in GRF in Wad
Medani, Sudan
season 2016/17

Grain yield kg/ha Biomass kg/ha Harvest index %
1,000 seed weight

(g) No. seed/spike
First
SOD

Second
SOD

First
SOD

Second
SOD

First
SOD

Second
SOD

First
SOD

Second
SOD

First
SOD

Second
SOD

Maximum 4,016 5,120 11,032 13,625 46.6 48.9 47.6 45 53 55
Minimum 1,057 1,192 3,193 3,137 26.1 23.3 29.6 28.8 22 23
Mean 2,221.6 2,939.3 6,103 8,287 36.4 35.5 36.8 37.4 35 39
SEþ 514.5 531.4 1,302 1,636 5.2 4.5 3.9 3.2 5 4.6
CV% 23.2 18.1 21.3 19.8 14.3 12.8 10.7 8.5 14.7 11.9
Sig level *** *** *** *** * *** Non *** *** ***

Notes: Sig level = significant at p< 0.005; non = non-significant
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the genetic advance for 12 traits are presented in Tables V and VI for the first and the
second SODs, respectively. Genotypic variance ranged from 944 to 4,016 kg/ha and 1,192 to
5,120 kg/ha for grain yield in the first and second SODs, respectively. The little differences
between GCV and PCV observed for all the traits in the two SODs indicate that there was
little influence of environmental factors on their phenotypic expression. Burton and De Vane
(1953) classified PCV and GCV values as high (> 20 per cent), medium (10-20 per cent) and
low (< 10 per cent). Accordingly, high PCV and GCV were observed in grain yield and
biomass in the two SODs. A similar result was found by Tarekegne et al. (1994), who
reported high PCV and GCV in yield and biomass. High heritability in the broad sense (h2b)
was estimated for days to heading and ranged from 87.5 per cent to 70.4 per cent and days to
maturity ranged from 87.5 per cent to 56.2 per cent for the first and the second SODs,
respectively. The phenotypic is a good index of genotypic in these traits. Selection for the
traits is also easy (Elahmadi et al., 1996). Moderate heritability estimates were found for
grain yield and ranged from 44 per cent to 63.6 per cent, biomass ranged from.37.8 per cent
to 49.1 per cent and canopy temperature after heading ranged from 44.2 per cent to 48 per
cent for the first and the second SODs, respectively. The moderate heritability estimate for
grain yield was attributed to the fact that yield was a quantitative trait that was controlled
by many genes (Sidwell et al., 1976). Reynolds et al. (1997) reported sensitivity of canopy
temperature to environmental fluxes along with moderate heritability in bread wheat. The
GA per cent estimate for grain yield ranged from 0.6 to 3.7, biomass ranged from 1.3 to 7.3,
harvest index ranged from 1.2 to 2.1, 1,000 seed weight ranged from 2.7 to 1.9, number of

Table IV.
Mean, minimum and
maximum values for
morphological traits
of the 250 elite spring

bread wheat
genotypes grown in

the two SODs in GRF
in Wad Medani,
Sudan season

2016/17

Days to heading Days to maturity Plant height (cm) No. spikes/m2

First SOD Second SOD First SOD Second SOD First SOD Second SOD First SOD Second SOD

Maximum 71 70 102 101 87 86 586 544
Minimum 41 42 73 73 45 44 222 202
Mean 55 52 87 86 64 67 386 429
SEþ 2.8 2.7 2.8 3.7 4.7 7.8 58 49.7
CV% 5.2 5.5 6.1 4.3 6.5 11.5 15.1 11.6
Sig level *** *** *** *** *** *** *** ***

Note: Sig level = significant at p< 0.005

Table III.
Mean, minimum and
maximum values for
physiological traits

of the 250 elite spring
bread wheat

genotypes grown in
the two SODs in GRF

in wad medani,
Sudan season

2016/17

Ground cover
score CT before heading CT after heading

Chl before
heading Chl after heading

First
SOD

Second
SOD

First
SOD

Second
SOD

First
SOD

Second
SOD

First
SOD

Second
SOD

First
SOD

Second
SOD

Maximum 4 4.5 26.4 29.4 24.6 23.7 55.2 53.7 52.5 54.4
Minimum 1.4 2.1 21.7 25.6 16.8 16.9 35 39.8 31.3 35.3
Mean 2.6 3.4 24.4 27.6 20.7 20.8 43.6 46.3 44.2 45.8
SEþ 0.4 0.4 0.9 0.7 1 0.9 3.2 2.9 3.4 2.5
CV% 16.5 12.4 3.8 2.5 2.3 4.3 7.5 6.2 7.7 5.4
Sig level *** *** ** * *** *** *** ** *** ***

Notes: CT = canopy temperature; Chl = chlorophyll content; Sig level = significant at p< 0.005
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seed/spike ranged from 4 to 4.4, canopy temperature after heading ranged from 1.3 to 1.2
and chlorophyll content ranged from 2.1 to 2.2. In the case of the yield among various
cultivars, it must be borne in mind that overall variability depends on heritable and non-
heritable components; estimates of heritability and genetic advances are important
preliminary steps in any breeding program, as they provide information needed in
designing the most effective breeding program and the relative practicability of selection.

Heat tolerance indices. Heat tolerance indices were calculated on the basis of grain yield
of the top 20 genotypes in the second SOD, in addition to three varieties as checks
(Table VII). The top 20 genotypes are better than the best check in the two SODs and 7

Table VI.
Genotypic (s2

g) and
phenotypic (s2

p)
variances, genotypic
and phenotypic
coefficient of
variances,
heritability in broad
sense (h2b) and
genetic advance (GA)
for some traits in 250
bread wheat
genotypes grown at
the GRF season 2016/
2017 in the second
SOD

Characters s 2p s2g PCV% GCV% h2b % GA%

Grain yield kg/ha 776 494 29.9 23.9 63.6 3.7
Biomass kg/ha 5263 2585 27.7 19.4 49.1 7.3
Harvest index% 25.9 5.2 14.3 6.4 19.9 2.1
1,000 seed weight (g) 13.5 3.4 9.8 4.9 25.2 1.9
Number seed/spike 33.9 12.5 14.9 9.1 36.9 4.4
Ground cover score 0.2 0.1 14.2 7.2 25.8 0.3
CT before heading 0.52 0.03 2.62 0.64 5.90 0.1
CT after heading 1.5 0.7 6.0 4.1 48.0 1.2
Chl before heading 9.4 1.1 6.6 2.3 12.0 0.8
Chl after heading 9.5 3.3 6.8 4.0 34.4 2.2
Days to heading 27.2 19.2 10.0 8.4 70.4 7.6
Days to maturity 31.1 17.5 6.5 4.9 56.2 6.5
Plant height (cm) 78.07 17.87 13.2 6.3 22.9 4.2
Number spikes/m2 33.9 9.2 13.6 7.1 27.2 3.3

Note: CT = canopy temperature, Chl = chlorophyll content, s2p = phenotypic variance, s2g = genotypic
variance, PCV = phenotypic coefficient of variance, GCV = genotypic coefficient of variance, h2b = broad
sense heritability and GA = genetic advance

Table V.
Genotypic (sg

2) and
phenotypic (sp

2)
variances, genotypic
and phenotypic
coefficient of
variances,
heritability in broad
sense (hb

2) and
genetic advance (GA)
for some traits in 250
bread wheat
genotypes grown at
the GRF season,
2016/2017 in the
first SOD

Characters s2p s2g PCV (%) GCV (%) h2b (%) GA (%)

Grain yield kg/ha 473 208 30.9 20.5 44.0 0.6
Biomass kg/ha 2,720 1,030 27.0 16.6 37.8 1.3
Harvest index % 30.5 3.3 15.2 5.0 10.8 1.2
1,000 seed weight (g) 20.2 5.8 12.1 6.5 28.9 2.7
Number seed/spike 39.2 12.0 9.8 17.7 30.7 4.0
Ground cover score 0.3 0.1 19.3 9.9 26.1 0.3
CT before heading 1.0 0.1 4.0 1.4 11.8 0.2
CT after heading 2.0 0.9 6.8 4.5 44.2 1.3
Chl before heading 14.1 3.4 8.6 4.2 24.3 1.9
Chl after heading 15.7 4.0 9.0 4.5 25.6 2.1
Days to heading 67.1 58.7 14.9 13.9 87.5 14.8
Days to maturity 62.1 54.3 9.1 8.5 87.5 14.2
Plant height (cm) 69.0 51.5 12.9 11.2 74.6 12.8
Number spikes/m2 47.6 13.8 17.9 9.6 28.9 4.1

Notes: CT = canopy temperature, Chl = chlorophyll content, s 2p = phenotypic variance, s 2g = genotypic
variance, PCV = phenotypic coefficient of variance, GCV = genotypic coefficient of variance, h2b = broad
sense heritability and GA = genetic advance
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genotypes; genotype numbers 248, 139, 143, 27, 67, 192 and 152 produced high grain yield
under both the first and second SODs. Similar of these genotypes numbers 192, 152, 67, 134,
27, 139, 248 in addition Imam (check) were showed smaller tolerance (TOL) values,
indicating that these genotypes had a smaller yield reduction under heat-stressed conditions
and they showed higher heat SSI. Nouri et al. (2011) reported that smaller TOL and higher
SSI are favored. The mechanism of a smaller TOL and a higher SSI is crucial for heat TOL,
especially in Sudan, as Imam (ATTILA-7), the most important variety, is still growing in
Sudan. In this study, all these genotypes (seven common) follow this mechanism. A similar
mechanism can use the STI to identify the best genotypes tolerant to heat and can also use
STI to identify broad adapted genotypes that produce high yield under both stressed and
non-stressed conditions. The higher values ofSTI were found for same (seven common) with
little variation of rank.

Traits associations
Phenotypic and genotypic correlations. Phenotypic and genotypic correlation coefficients of
grain yield and some important traits of the 250 genotypes in the first and second SODs are
presented in Tables VIII and IX, respectively. Both phenotypic and genotypic correlations in
grain yield were positively and significantly correlated with biomass, harvest index, number
of spikes/m2, number of seeds/spike and days to heading and maturity in both the SODs.

Table VII.
Heat tolerance

indices of the top 20
wheat genotypes
under non-sowing

stress (second SOD)
and sowing stress
(first SOD) ranking
base on the top 20

genotypes in
second SOD

Rank no. Ge no. YP YS MP TOL GMP YI YSI STI SSI

1 146 5,120 2,916 4,018 2,204 3,863.9 1.3 0.6 0.57 1.33
2 (248) 5,015 3,733 4,374 1,282 4,326.8 1.7 0.7 0.74 2.05
3 188 4,845 2,359 3,602 2,486 3,380.7 1.1 0.5 0.49 0.99
4 (139) 4,839 3,683 4,261 1,156 4,221.6 1.7 0.8 0.76 2.12
5 164 4,679 2,147 3,413 2,532 3,169.5 1.0 0.5 0.46 0.88
6 (134) 4,676 3,599 4,138 1,077 4,102.3 1.6 0.8 0.77 2.15
7 199 4,655 2,893 3,774 1,762 3,669.7 1.3 0.6 0.62 1.54
8 (27) 4,485 3,346 3,916 1,139 3,873.9 1.5 0.7 0.75 2.05
9 230 4,431 2,875 3,653 1,556 3,569.2 1.3 0.6 0.65 1.66
10 (67) 4,371 3,343 3,857 1,028 3,822.6 1.5 0.8 0.76 2.13
11 37 4,320 3,111 3,716 1,209 3,666.0 1.4 0.7 0.72 1.95
12 79 4,271 2,722 3,497 1,549 3,409.6 1.2 0.6 0.64 1.61
13 9 4,265 1,926 3,096 2,339 2,866.1 0.9 0.5 0.45 0.85
14 (192) 4,259 3,479 3,869 780 3,849.3 1.6 0.8 0.82 2.34
15 5 4,258 1,854 3,056 2,404 2,809.7 0.8 0.4 0.44 0.78
16 106 4,248 2,314 3,281 1,934 3,135.3 1.0 0.5 0.54 1.23
17 (152) 4,229 3,282 3,756 947 3,725.5 1.5 0.8 0.78 2.18
18 98 4,218 2,733 3,476 1,485 3,395.3 1.2 0.6 0.65 1.65
19 223 4,143 2,661 3,402 1,482 3,320.3 1.2 0.6 0.64 1.63
20 93 4,142 2,305 3,224 1,837 3,089.9 1.0 0.6 0.56 1.28
25 Nebta (Check) 4,057 2,181 3,119 1,876 2,974.6 1.0 0.5 0.54 1.20
22 Goumri (Check) 3,949 2,247 3,098 1,702 2,978.8 1.0 0.6 0.57 1.33
89 Imam (Check) 3,265 2,377 2,821 888 2,785.8 1.1 0.7 0.73 1.98

Mean 2,939 2,221 2,580 718 2,554.9 1.0 0.8 0.76 2.09

Notes: YP = yield of genotypes under timely sowing condition, YS = yield of genotypes under heat-stress
condition, MP = mean productivity, GMP = geometric mean productivity, TOL = tolerance; YI = yield
index, YSI = yield stability index, STI = stress tolerance index and SSI = stress susceptibility index
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Table VIII.
Genotypic (bold) and
phenotypic
correlations among
different traits of 250
genotypes grown in
the first sowing date
at GRF in Wad
Medani, Sudan
season 2016/17
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Table IX.
Genotypic (bold) and

phenotypic
correlations among

different traits of 250
genotypes grown in
the second sowing

date at GRF in Wad
Medani, Sudan
season 2016/17
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Many research workers reported similar findings; biomass, harvest index and number of
spikes/m2 are significant selection criteria for yield under high-temperature conditions
(Hezhong and Rajaram, 1994; Tamman et al., 2000). In addition, Narwal et al. (1999) reported
that numbers of seeds/spike were positively correlated with grain yield. Figures 1-4
represented the phenotypic correlations of biomass and harvest index in the two SODs with
yield, and Figures 5 and 6 represented the phenotypic correlations of days to heading with
yield in the two SODs, whereas Figures 7 and 8 represented the phenotypic correlation

Figure 4.
Yield correlated with
the harvest index in
the second SOD

Figure 3.
Yield correlated with
the harvest index in
the first SOD

Figure 5.
Yield correlated with
daryes to heading in
the first SOD

Figure 2.
Yield correlated with
biomass in the second
SOD
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Figure 8.
Yield correlated with
the number of seeds/
spike in the second

SOD

Figure 9.
CT before heading in

the first SOD

Figure 7.
Yield correlated with
the number of seeds/
spike in the first SOD

Figure 6.
Yield correlated with
daryes to heading in

the second SOD
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number of seeds/spike with yield in the two SODs. Grain yield was negative and significant
for phenotypic and genotypic correlations with canopy temperature at before and after
heading in both the SODs (Tables VII and VIII). In addition, canopy temperature before and
after heading in the two SODs was negative and significant for genotypic correlations with
number of spikes/m2 and days to heading and maturity in both SODs. Canopy temperature
after heading in the two SODs was negative and significant for genotypic correlations with
number of seeds/spike. This result is important because the adaption of genotypes at this
stage (post-heading) to high temperature leads to an increase in the number of seeds/spike
and then high productivity. Reynolds et al. (1998) reported that canopy temperature showed
negative correlation with yield and high values of proportion of direct response to selection.
The trait is best expressed at a high vapor-pressure-deficit condition associated with low
relative humidity and warm air temperature (Amani et al., 1996). Figures 9-12 represented
the phenotypic correlations of canopy temperature before and after heading in the two SODs
with yield.

Figure 12.
CT after heading in
the second SOD

Figure 11.
CT before heading in
the second SOD

Figure 10.
CT after heading in
the first SOD

IJCCSM
11,5
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