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A field experiment was carried out in Factorial Randomized Block Design (FRBD) with
three replications to study the effect of sowing dates on yield and growth parameters on
different wheat varieties. Nine different wheat varieties viz., GW 433, GW 431, HI 1571,
GW 432, RAJ 3765, HD 2864, HI 1563, HD 3091 and PBW 670 sown in timely and late
sown conditions (i.e., 22 November and 6 December 2012) were included in the study.
Late sown varieties were exposed to 32.40C and 33.9-35.30C temperature during
flowering and grain filling period as against 29.40C and 30.3-33.30C temperature faced by
timely sown wheat. Grain yield was reduced under late sown condition as compared to
timely sown wheat. Considering the yield reduction, variety HI 1571 exhibited the least
reduction (1.73%), followed by GW 433(7.90%) and GW 431 (13.8%) under late sown
condition, whereas variety PBW 670 recorded maximum grain yield reduction (29.41%).
leaf area index had positive correlation with grain yield but were non-significant. Specific
leaf weight had negative and non-significant correlation. The varieties HI 1571, GW 433
and GW 431 could be considered as thermo-tolerant varieties in view of the least reduction
in their grain yield under late sown condition. Under late sown condition, variety GW 433
recorded higher AGR and SLW while GW 431 had maximum LAI. RAJ 3765 recorded
maximum NAR.

Introduction
Wheat (Triticum aestivum L.) is one of the
important cereal food crops of the world and
consumed by nearly 35% of the world
population and providing 20% of the total
food calories. Wheat consumption is
increasing worldwide as a result of higher

income levels, urbanization, and substitution
with other cereals. Therefore, the nutritional
quality of the wheat whole meal has a
significant impact on human health and wellbeing especially in the developing world.
Wheat flour is used for making a large
number of products such as chapati, bread,
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biscuit, noodles and pasta. The quality of
wheat based foods and the processing of
wheat flour dough are strongly related to the
composition of proteins and starch. Starch
being the major constituent of wheat flour
plays an important role as a determinant of
food product quality.
Adverse environmental conditions during the
anthesis and grain filling period have been
identified as a major constraint to wheat
quality world-wide (1, 2). Growth of kernels
is reduced depending upon the degree of
stresses and thereby limiting final grain yield
(3). The reduction was found to be more
severe when the stress occurred suddenly
rather than gradually and at early stages of
grain filling than at later stages (4).
Extreme temperature during grain filling has
been identified as a major source of variation
in wheat grain yield and flour quality
characteristics (5). Higher temperature
enhances leaf senescence causing reduction in
green leaf area during reproductive stages.
The rapid leaf senescence ultimately resulted
in less productive tillers pre plant, which is
one of the major causes of yield loss of wheat.
However, crop response to high temperature
varied with variation of temperature, duration
of exposure, crop growth stages and also due
to the level of crop tolerance (6,7). In view if
the changing climate condition, it is pertinent
to analyse different wheat varieties in order to
pinpoint the variety which could perform well
and tolerate high temperature when sown late.
A number of studies have been undertaken to
investigate effect of timely and late sowing on
grain yield of high temperature on growth
parameters and grain yield.
Therefore, this paper seeks to examine the
effect of temperature prevailing under timely
and late sowing times on grain yield as well
as leaf area index, AGR, RGR and specific

leaf weight and to examine the relationship
between these growth parameters and grain
yield.
Materials and Methods
The experiment was carried out during Rabi
2012-13 at Instructional Farm Krushigadh,
Junagadh Agricultural University, Junagadh,
India in Factorial Randomized Block Design
(FRBD) with three replications. Nine
different wheat varieties GW 433, GW 431,
HI 1571, GW 432, RAJ 3765, HD 2864, HI
1563, HD 3091 and PBW 670 were sown in
timely and late sown conditions (i.e., 22
November and 6 December 2012). The
recommended agronomic practices for
fertilizer inter-culturing and irrigation were
followed.
Grain yield was recorded from the net plot
and was exhibited on the hectare basis.
Protein, starch and wet gluten contents of
wheat
grains
were
determined
by
InfratecTM1241 grain analyzer (Foss NIR
System INC., Hoganas, Sweden) (8). The
statistical analysis of data was carried out by
analysis of variance method suggested by
Panse and Sukhatme (9).
Results and Discussion
In wheat, grain filling stage contributes to
maximum grain yield (10). In present study,
late sown varieties were exposed to 32.40C
and
33.9-35.30C
temperature
during
flowering and grain filling period as against
29.40C and 30.3-33.30C temperature faced by
timely sown wheat. Thus, there was increase
in 20-3.60C when the crop was planted in late
sown condition. Therefore, the varieties
which could sustain their yield level under
temperature as high as 35.30C with the least
reduction have been considered as thermotolerant varieties.
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Grain yield
The statistical analysis of the data revealed
that sowing time, variety and interaction
between D X V significantly affected grain
yield per ha (Table 1). Crop sown in timely
condition produced the highest (2800.88
kg/ha) grain yield as compared to late sown
condition (2308.63 kg/ha) reducing the yield
to the tune of 25.38%. Considering the
varietal effect, GW 433 was found to be
superior (2699.39 kg/ha) for this character,
however, HD 2864 (2697.11 kg/ha), GW 431
(2688.98 kg/ha), RAJ 3765 (2546.32 kg /ha),
HI 1571 (2533.33 kg/ha) and HD 3091
(2519.43 kg/ha) were at par with it. Minimum
(2405.49 kg/ha) grain yield was noted in
variety HI 1563.
Considering the interaction between D X V
under timely sown condition (Table 2), HD
2864 gave maximum (2938.66 kg/ha) grain
yield which was closely followed by GW 431
(2888.88 kg/ha) and HD 3091 (2861.11
kg/ha). In late sown condition, maximum
(2588.77 kg/ha) grain was obtained from GW
433, however, HI 1571 (2511.11kg/ha), GW
431 (2489.07 kg/ha) and HD 2864 (2455.55
kg/ha) were at par with it.
Considering the yield reduction under late
sown condition, HI 1571 exhibited the
minimum reduction (1.75 %) followed by
GW 433 (7.90 %) and GW 431 (13.8 %).
Maximum yield reduction was obtained in
variety PBW 670 (29.41 %) under late sown
condition.
Lak et al., (11) also obtained lower grain
yield with delay in sowing due to shorter
duration of growth and development. This
was also reflected in the work of Aslani and
Mehrvar (12), Abid et al., (13) who
confirmed that grain yield was reduced as
sowing was delayed. The results were in line
with Khokhar et al., (14) reported the
maximum grain yield with wheat planted in

first fortnight of November and any delayed
in wheat planting reduced wheat yield. It
might be due to early planted wheat attained
maturity in March when mean temperature
was around 250C and late planted wheat
exposed to higher (32.20C) temperature of
April. Refay (15) and Ahmed et al., (16) also
observed that remarkable reduction in grain
yield associated with late sowing as compared
with the early sowing. It was may be due to
increased temperature (2-40C) at the time of
grain filling period in late sowing condition.
One of the main reasons for reduced yield is
the decreased in plant water status due to
excessive water loss through rapid
transpiration caused by high temperature
Kumar et al., (17). Exposure of late sown
crop to high temperature during reproductive
growth stage also reduces grain filling period
and remobilization of photosynthates to
developing grains which reduces grain yield
Fisher (18). Thus varieties HI 1571, GW 433
and GW 431 could be considered as thermotolerant varieties in view of the least reduction
in their grain yield under late sown condition.
Leaf area index (LAI)
Leaf area index (LAI) represents the ratio of
the crop leaf area on the surface which the
leaf occupies. Statistical analysis of the data
revealed that sowing time, variety and
interaction between D X V had significant
effect on leaf area index. Higher leaf area
index (3.82) was recorded for crop planted
under timely sown condition than the delayed
sown crop (3.69). Considering the varietal
effect, variety HI 1571 was superior for this
character showing a value of 3.89. Variety
GW 433 (3.80) was at par with it. The lowest
leaf area index was recorded in GW 432
(3.68) and also in HI 1563 (3.68).
Data on interaction effects between D X V for
LAI are presented in Table 4.3.1.1. HI 1571
recorded the highest LAI (4.10) followed by
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GW 433 (3.89) when it was sown in timely
condition. However, the lowest LAI (3.71)
was observed in GW 432 as well as in HI
1563. Higher LAI (3.75) was noticed in GW
431 under late sown condition however,
remaining all varieties were at par with it.
Lower LAI (3.66) was found in GW 432, RAJ
3765 and also in HI 1563.
The result is strongly supported by the finding
of Kabiret al., (19), who examined the effect
of sowing time and cultivars on the growth
and yield of chickpea under rainfed condition.
They reported the higher LAI under timely
sown condition as compared to late sown
condition. Singh et al., (20)investigated the
growth and yield response of wheat cultivars
to hyper thermal stress. Eight promising
wheat cultivars involving traditional tall and
modern semi-tall were grown under normal
ambient and hyper thermal (+ 3.00C)
conditions. In this study, they also observed
reduction in leaf area index in hyper thermal
stress as compared to normal ambient
condition. Thus, they explained that in
response to hyper thermal stress, the leaf area
confined to small area to support the required
vegetative growth.
Hussain et al., (1997) studied the growth
analysis of chickpea sown at different sowing
dates and populations. In his study, they
observed that the comparatively superior
performance of timely sown crop might be
due to higher leaf area index.
Almeselmani and Deshmukh (2012) who
evaluated the effect of high temperature stress
on different growth, physiological and yield
parameters in wheat sown under normal, late
and very late sowing in order to expose them
to different temperature regime. Seeds of
eight irrigated wheat genotypes and twelve
rainfed genotypes were analysed, also
reported the significant reduction in LAI
under late planting condition in all genotypes.

In the present study decreased LAI under late
sown condition might be due to shading of
leaves and competition between plants for
light and other resources, especially when
wheat crop encountered high temperatures.
Varieties GW 431, HD 3091 and PBW 670
could maintain comparatively higher LAI
than the other varieties, when sown late.
Absolute growth rate
Absolute growth rate determines the dry
matter accumulation per unit time in a plant
community. The differences among sowing
condition (D), varieties (V) and interaction
effects of D X V were significant with respect
to AGR. Higher (0.134 gday-1) AGR achieved
in timely sowing as compared to late sowing
condition (0.036 gday-1). Considering the
varietal effect, GW 433 recorded maximum
AGR (0.124 gday-1) however, HD 3091
(0.120 gday-1) and RAJ 3765 (0.116 gday-1)
were statistically at par with GW 433. The
minimum AGR (0.054 gday-1) was noted in
PBW 670.
The highest AGR (0.204 gday-1) was
observed in HD 3091 under timely sown
condition, however, RAJ 3765 (0.165 gday-1)
was at par with it (Table 4.3.3.1). Under late
sown
condition,
GW
433
recoded
significantly higher AGR(0.070 gday-1),
however, RAJ 3765 (0.66 gday-1) was at par
with it. Minimum AGR (0.011 gday-1) was
noted in HD 2864.
These results are in line with those of
Thombare (23), who evaluated fourteen wheat
varieties under two dates of sowing, and the
decreased absolute growth rate with delayed
sowing. In the present study, decreased AGR
under late sown condition might be due to the
fact that the crop had shortened life duration
under late sown condition as compared to the
timely sown crop not allowing it sufficient
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time to add dry matter. Thus, the findings that
varieties GW 433, RAJ 3765 and HI 1563
could maintain AGR under late sown
condition may point out their ability to
tolerate heat stress.

better in term of production efficiency even
when the late sown crop faced adverse
condition in terms of temperature stress and
enforced maturity.
Specific leaf weight

Net assimilation rate
Net assimilation rate (NAR) is an index of
production efficiency of the plant. NAR
represents dry weight addition per unit leaf
photosynthetic area per unit time. Sowing
time effect for NAR was significantly higher
under timely sown condition 4.52 gm-2day-1
than under late sown condition 1.97 gm-2
day-1. Thus there was56.42% increase in NAR
under timely sown condition.
The varieties differed significantly with
respect to NAR. Varieties Raj 3765 (4.92 gm2
day-1) secured the first position followed by
GW 433 (4.07 gm-2day-1). The interaction
between D X V also showed significant
differences (Table 4.3.4.1). In timely sown
condition, RAJ 3765 exhibited higher (6.56
gm-2day-1) NAR followed by HI 1563 (5.47
gm-2day-1). RAJ 3765 also retained first
position (3.28 gm-2day-1) under late sown
condition however,GW 433 (3.27 gm-2day-1)
was at par with it.GW 431 exhibited
minimum NAR.
This finding corroborates the results obtained
by Haider (24), who reported that the date of
sowing significantly influenced the net
assimilation rate. Timely sown crop has a
better photosynthetic efficiency as evidenced
by high RGR,CGR, LAI and LAD which
explain the concomitant increase in NAR.
Decrease in leaf area and photosynthesis
resulted reduction in NAR under late sown
condition as reported by Khabiri and Jafari
(25).
Thus, it may be safely concluded varieties
RAJ 3765, GW 433 and HI 1563 could be
thermo-tolerant varieties since they performed

The specific leaf weight indicates the leaf
thickness. The differences between sowing
dates with respect to specific leaf weight were
statistically non-significant. However, SLW
under late sown condition was numerically
higher (0.48 gm-2). SLW was significantly
influenced by varieties. The variety GW 433
was superior for this character showing a
value of (0.59 gm-2) followed by GW 432
(0.53 gm-2). The interaction between D X V
was also statistically significant (Table
4.3.5.1). In timely sown condition, GW 433
exhibited maximum (0.61 gm-2) SLW,
however, GW 432 (0.57 gm-2) and HI 1563
(0.50 gm-2) were at par with it. Under late
sown condition, GW 433 (0.56 gm-2) retained
the first position, however, RAJ 3765 (0.53
gm-2), HI 1571 (0.50 gm-2), GW 431 (0.50
gm-2), GW 432 (0.49 gm-2) and HD 2864
(0.47 gm-2) were at par with it. PBW 670
(0.42 gm-2) recorded minimum SLW.
This result is in contrast with that of Khalil et
al., (26) who, while evaluating in leaf traits,
yield and yield components of fababean in
response to planting dates, found the
reduction in specific leaf weight under late
sown condition due to decrease in leaf area
and leaf dry weight. Singh (27) investigated
the variation in physiological traits for
thermo-tolerance in wheat. In his study, he
found that the growth and morphological
characters of wheat at anthesis along with
SLW registered drastic reduction. To
summarize, it could be inferred that SLW was
increased in late sown condition whereas
variety GW 433 proved to be the best.
Numerical increase in SLW under late
condition helped plants to withstand higher
stress through increase in leaf thickness.
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Thus, varieties GW 433, RAJ 3765, GW 431
and HI 1571 through maintaining the leaf
thickness, tried to tolerate heat stress under
late sown condition.
Correlation coefficient analysis
Correlation coefficient revealed that there was
significant correlation between grain yield
and gluten content (-0.4680*) but in negative
direction. It is quite obvious from the table
that grain yield showed very strong positive
association with net assimilation rate and
absolute growth rate. Leaf area index also had
positive correlation with grain yield but were
non-significant, whereas, specific leaf weight
had negative and non-significant correlation.

These results are supported by Boyadjieva
and Andonov (28), who evaluated the
selection efficiency of morphological and
physiological parameters of wheat. They
reported the positive correlation of grain yield
with days to heading and physiological
maturity. Haider (24), examined the growth
analysis in relation to sowing dates in four
varieties of wheat and reported that grain
yield was positively correlated with growth
attributes like LAR, SLW. Sharma et al., (29)
examined
the
correlation
and
heat
susceptibility index analysis for terminal heat
tolerance in bread wheat. They also observed
high correlation of grain yield with days to
anthesis and days to maturity

Table.1 Effect of sowing dates on grain yield and growth parameters of wheat varieties under
timely and late sown conditions
Treatment
Sowing Time (D)
Timely (D1)
Late (D2)
S.Em.±
C.D. at 5 %
Variety (V)
GW 433 (V1)
GW 431 (V2)
HI 1571 (V3)
GW 432 (V4)
RAJ 3765 (V5)
HD 2864 (V6)
HI 1563 (V7)
HD 3091 (V8)
PBW 670 (V9)
S.Em.±
C.D. at 5 %
DxV
S.Em.±
C.D. at 5 %
C.V. %

Grain Yield
(Kg/ha)

Leaf area
index

Absolute growth
rate(gday-1)

Net assimilation
rate(gm-2day-1)

Specific leaf
weight (g m-2)

2800.88
2308.63
33.39
100.10

3.82
3.69
0.02
0.05

0.134
0.036
0.002
0.006

4.52
1.97
0.08
0.23

0.45
0.48
0.0001
NS

2699.39
2688.98
2533.33
2486.11
2546.32
2697.11
2405.49
2519.43
2416.66
70.83
212.35

3.80
3.78
3.89
3.68
3.70
3.75
3.68
3.77
3.77
0.03
0.10

0.124
0.065
0.077
0.072
0.116
0.044
0.093
0.120
0.054
0.004
0.012

4.07
1.96
2.84
3.31
4.92
2.44
3.93
3.65
2.11
0.16
0.49

0.59
0.45
0.44
0.53
0.46
0.44
0.47
0.41
0.41
0.02
0.07

100.17
300.31
6.79

0.05
0.14
2.11

0.006
0.017
11.761

0.23
0.70
12.45

0.04
0.11
13.0393
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Table.2 D x V interaction for grain yield and growth parameters of wheat varieties under timely and late sown conditions
Sowing
Time

GW 433

GW 431

HI 1571

GW 432

Variety
RAJ 3765

Grain Yield (Kg/ha)
2810.00
Timely
2588.77
Late

2888.88
2489.07

2555.55
2511.11

2777.77
2194.44

2814.86
2277.78

Leaf area index
3.89
3.81
Timely
3.71
3.75
Late
Absolute growth rate (g day-1)
0.178
0.115
Timely
0.070
0.015
Late
-2

S.E.±

C.D. at
5%

100.17

300.31

0..5

0.14

0.006

0.017

28.83
3
0.57

0.23

0.70

0.04

0.11

HD 2864

HI 1563

HD 3091

PBW
670

2938.66
2455.55

2727.76
2083.22

2861.11
2177.76

2833.33
2000.00

4.10
3.67

3.71
3.66

3.74
3.66

3.81
3.68

3.71
3.66

3.81
3.73

3.80
3.73

0.122
0.032

0.109
0.034

0.167
0.066

0.077
0.011

0.141
0.044

0.204
0.037

0.091
0.018

-1

Net assimilation rate(g m day )
28.73
29.13
Timely
30.87
29.37
Late

29.20
30.93

29.20
30.13

29.53
29.57

28.50
30.40

29.03
30.73

31.60
30.57

-2

Specific leaf weight (g m )
0.61
0.40
Timely
(D1)
0.56
0.50
Late (D2)

0.39

0.57

0.40

0. 41

0.50

0. 39

0.39

0.50

0.49

0.53

0.47

0. 43

0.44

0.42
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Table.3 Correlation coefficient (‘r’ values) between grain yield and biochemical parameters of
wheat varieties under timely and late sown conditions
Sr. No.

Parameters

1
2
3
4

Leaf area index
Absolute growth rate
Net assimilation rate
Specific leaf weight

Correlation coefficient (‘r’ value)
with grain yield
0.3824
0.7020**
0.6501**
-0.0314

In conclusion, the study showed that there
was reduction in grain yield of wheat under
late sown condition compared to timely sown
condition.
Considering
grain
yield
performance, HD 2864, GW 431 and HD
3091 showed an increase in grain yield under
timely sown condition, while GW 431, GW
433 and HI 1571 fared better under late sown
condition with respect to grain yield.
Considering yield reduction under late sown
condition, HI 1571 (1.73% reduction), GW
433 (7.90% reduction) and GW 431 (13.8%
reduction) showed minimum yield reduction
compared to other varieties. Growth
parameters were significantly higher in timely
sown condition as compared to late sown
condition. However, specific leaf weight was
numerically higher in late sown condition.
Under late sown condition, variety GW 433
recorded higher AGR and SLW while GW
431 had maximum LAI. RAJ 3765 recorded
maximum NAR under late sown condition.
Correlation coefficient, grain yield showed
very strong significant positive association
with net assimilation rate and absolute growth
rate. leaf area index also had positive
correlation with grain yield but were nonsignificant. Specific leaf weight had negative
and non-significant correlation. Considering
grain yield performance, HD 2864, GW 431
and HD 3091 showed increased grain yield
under timely sown condition, while GW 431,
GW 433 and HI 1571 fared better under late
sown condition. Varieties HI 1571 had the
least reduction in grain yield (1.73%),

followed by GW 433 (7.90%) and GW 431
(13.8%). Thus, they could be labelled as
thermo-tolerant varieties and could be
recommended for late sown conditions.
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