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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 well-being especially in the 

developing world. Wheat flour is used for 

making a large number of products such as 
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A field experiment was carried out in Factorial Randomized Block Design (FRBD) with 

three replications to assess the thermotolerance in wheat varieties when grown under 

timely and late sown conditions and to study the biochemical parameters of grains as also 

their relationship with grain yield. 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 32.4
0
C and 33.9-35.3

0
C temperature during 

flowering and grain filling period as against 29.4
0
C and 30.3-33.3

0
C 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%). Gluten content exhibited significant correlation with grain yield 

but in negative direction. Protein contributed negatively to grain yield whereas, there was 

non-significant positive correlation between starch and grain yield. 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. The varieties HI 1571, GW 433 

had highest gluten content and GW 433 additionally exhibited high protein as well as 

starch content under late sown condition, 
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chapati, bread, 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). Within a given 

location, the strong environmental effects on 

grain protein content and dough properties 

can be manipulated by an appropriate choice 

of sowing time and/or cultivar (3).  

 

Sowing time affects grain protein percentage 

mainly through its determination of the 

thermal conditions prevailing during the grain 

filling period, since late sown material 

generally flowers late, thereby forcing the 

grain filling period to coincide with a high 

temperature (HT) regime. 

 

Extreme temperature during grain filling has 

been identified as a major source of variation 

in wheat grain yield and flour quality 

characteristics (4). For example, a reduction 

in the duration of the filling period due to HT 

or drought stress demonstrated a shortened 

duration of gluten synthesis, which in turn 

reduced dough strength (5).  

 

Although the grain itself responds directly to 

high temperatures, the magnitude of the effect 

on protein and starch accumulation can be 

modified by altering the source-sink balance 

through manipulation of the sowing times.  

 

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 biochemical 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 protein, starch and gluten content and to 

examine the relationship between these 

biochemical 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 

Infratec
TM

1241 grain analyzer (Foss NIR 

System INC., Hoganas, Sweden) (6). The 

statistical analysis of data was carried out by 

analysis of variance method suggested by 

Panse and Sukhatme (7). 

 

Results and Discussion 

 

In wheat, grain filling stage contributes to 

maximum grain yield (8). In present study, 

late sown varieties were exposed to 32.4
0
C 

and 33.9-35.3
0
C temperature during flowering 

and grain filling period as against 29.4
0
C and 

30.3-33.3
0
C temperature faced by timely 

sown wheat.Thus, there was increase in 2
0
-
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3.6
0
C when the crop was planted in late sown 

condition. Therefore, the varieties which 

could sustain their yield level under 

temperature as high as 35.3
0
C with the least 

reduction have been considered as thermo-

tolerant varieties. 

 

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., (9) 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 (10), Abid et al., (11)  who 

confirmed that grain yield was reduced as 

sowing was delayed. The results were in line 

with Khokhar et al., (12) 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 25
0
C and late planted 

wheat exposed to higher (32.2
0
C) temperature 

of April. Refay (13) and Ahmed et al., (14) 

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 (2-4
0
C) 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., (15). 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 (16). Thus 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. 

 

Protein content 

 

Proteins are the most important components 

of wheat grains governing end-use quality. 

Both amount and composition of protein 

determine the protein quality and hence end 

use quality of wheat. It is evident from the 

data that sowing time (D), variety (V) and 

interaction between D X V significantly 

influenced protein content. Protein content 
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was significantly higher (14.59 %) in timely 

sowing as compared to late sowing (14.24 %) 

condition (Table 1).  

 

Considering the varietal effect, PBW 670 was 

significantly superior (15.95 %) over other 

varieties followed by HD 3091 (14.87 %) and 

HI 1563 (14.63 %). Variety GW 431 recorded 

minimum (13.75 %) protein content.  

 

In timely sown condition (Table 2), the 

highest (15.77 %) protein content was 

recorded in PBW 670 which was statistically 

identical to HD 3091 (15.33 %). The lowest 

(13.93 %) protein content was found in GW 

431. Under late sown condition, PBW 670 

(16.13 %) retained the first position followed 

by GW 433 (14.47 %). GW 431 (13.57 %) 

exhibited minimum protein content.  

 

The results are in agreement with those 

obtained by Hozayn et al., (17) who reported 

that protein content in grains of wheat 

significantly reduced by heat treatment. 

Shahzad et al., (18) also observed similar 

results. The delay of sowing dates exposed 

the crop to high temperature stress during 

different developmental processes as 

compared with those sown at normal date.  

 

The decreased protein content during late 

sowing could be attributed to the disruption of 

normal protein synthesis under high 

temperature stress. Variety PBW 670 could 

maintain protein content under late sown 

condition, suggesting the least denaturation of 

protein. 

 
 

Table.1 Effect of sowing dates on grain yield and biochemical parameters of  

wheat varieties under timely and late sown conditions 
 

Treatment Grain Yield 

(Kg/ha) 

Protein Content 

(%) 

Starch Content 

(%) 

Gluten Content 

(%) 

Sowing Time (D)     

Timely (D1) 2800.88 14.59 61.79 29.31 

Late (D2) 2308.63 14.24 62.01 30.35 

S.Em.± 33.39 0.06 0.07 0.09 

C.D. at 5 % 100.10 0.19 0.21 0.27 

Variety (V)     

GW 433 (V1) 2699.39 14.45 62.05 29.80 

GW 431 (V2) 2688.98 13.75 62.10 29.25 

HI 1571 (V3) 2533.33 14.35 61.92 30.07 

GW 432 (V4) 2486.11 13.87 62.07 29.67 

RAJ 3765 (V5) 2546.32 14.03 62.03 29.55 

HD 2864 (V6) 2697.11 13.82 62.50 29.45 

HI 1563 (V7) 2405.49 14.63 61.77 29.88 

HD 3091 (V8) 2519.43 14.87 61.53 31.08 

PBW 670 (V9) 2416.66 15.95 61.10 29.70 

S.Em.± 70.83 0.13 0.15 0.19 

C.D. at 5 % 212.35 0.40 0.44 0.58 

DxV     

S.Em.± 100.17 0.19 0.21 0.27 

C.D. at 5 % 300.31 0.57 0.63 0.82 

C.V. % 6.79 2.28 0.59 1.59 
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Table.2 D x V interaction for grain yield and biochemical parameters of wheat varieties under timely and late sown conditions 

 

Sowing 

Time 

 

Variety Avg. S.E.± C.D. 

at  

5 % GW 433 GW 431 HI 1571 GW 432 RAJ 3765 HD 2864 HI 1563 HD 

3091 

PBW 

670 

Grain Yield (Kg/ha)    

Timely 2810.00 2888.88 2555.55 2777.77 2814.86 2938.66 2727.76 2861.11 2833.33  

2800.88 

 

 

100.17 

 

 

300.31 Late 2588.77 2489.07 2511.11 2194.44 2277.78 2455.55 2083.22 2177.76 2000.00  

2308.63 

Difference 221.23 399.81 44.44 583.33 537.08 483.11 644.54 683.35 833.33 492.25 

Protein Content (%)    

Timely 14.43 13.93 14.60 13.97 14.10 14.00 15.17 15.33 15.77  

14.58 

 

 

0.19 

 

 

0.57 Late 14.47 13.57 14.10 13.77 13.97 13.63 14.10 14.40 16.13  

14.23 

Difference -0.04 0.36 0.50 0.20 0.13 0.37 1.07 0.93 -0.36 0.35 

Starch Content (%)    

Timely 61.57 62.07 61.67 62.10 62.17 62.53 61.38 61.17 61.43  

61.78 

 

 

0.21 

 

 

0.63 Late 62.53 62.13 62.17 62.03 61.90 62.47 62.17 61.90 60.77  

62.01 

Difference -0.96 -0.06 -0.5 0.07 0.27 0.06 -0.79 -0.73 0.66 -0.23 

Gluten Content (%)    

Timely 28.73 29.13 29.20 29.20 29.53 28.50 29.03 31.60 28.83  

29.30 

 

 

0.27 

 

 

0.82 Late 30.87 29.37 30.93 30.13 29.57 30.40 30.73 30.57 30.57  

30.34 

Difference -2.14 -0.24 -1.73 -0.93 -0.04 -1.9 -1.7 1.03 -1.74 -1.04 
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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 Correlation coefficient (‘r’ value) 

with grain yield  

1 Protein content -0.0013 

2 Starch content 0.1195 

3 Gluten content -0.4680* 

* Correlation significant at the 5%. 

 

Starch content 

 

Sowing time with respect to starch content 

was statistically significant; however, starch 

content under late sown condition was higher 

(62.01 %) as compared to timely sown 

condition (61.79 %) (Table.1). Varieties as 

well as interaction between D X V also 

showed significant differences. Considering 

the varietal effect, HD 2864 (62.50 %) was 

the best with respect to starch content, 

however, GW 432 (62.07 %) was at par with 

it. Under timely sown condition, HD 2864 

recorded maximum (62.53 %) starch content 

(Table 2). RAJ 3765 (62.17 %), GW 432 

(62.10 %) and GW 431 (62.07 %) were at par 

with it.  

 

In late sown condition, GW 433 exhibited 

higher (62.53 %) starch content followed by 

HD 2864 (62.17 %). Variety, PBW 670 

(60.77 %) exhibited the lowest starch content. 

This finding corroborates the results obtained 

by Hozayn et al., (17) and Hakim et al., (19), 

who found that the percentage of starch 

increased under late sowing condition.  

 

The results are not in agreement with Balla et 

al., (5) who studied the quality of winter 

wheat in relation to heat stress, where they 

reported that the starch content was 

significantly influenced by sowing time and 

genotypes; it was higher under optimum 

sowing date. The findings of Kumar et al., 

(15) are in contrast to the present findings, 

where they reported decrease in starch content 

in response to heat stress in wheat cultivars 

under investigation. Variety GW 433 and HD 

2864 could be labelled as thermo-tolerant, as 

they could sustain starch content under late 

sown condition. 

 

Gluten content 

 

Gluten content reflects nutritional and baking 

quality of wheat. High temperature is capable 

of causing substantial changes in the 

accumulation level of gluten during grain 

filling. Grain gluten content is the most 

important parameter determining wheat 

quality. Statistical analysis of data revealed 

that sowing time, variety and interaction 

between D X V affected gluten content. 

 

The highest gluten content (30.35 %) was 

recorded for crop planted under late sown 

condition (Table 1), and decreased gluten 

content was found in timely sown condition 

(29.31 %). Among different varieties, variety 

HD 3091 (31.08 %) proved to be the best, 

however, HI 1571 (30.71 %) was at par with 

it. Variety GW 431 exhibited minimum 

(29.25 %) gluten content.  

 

Considering the interaction between D X V 

under timely sown condition (Table 2), HD 

3091 exhibited higher (31.60 %) gluten 

content followed by RAJ 3765 (29.53 %). In 

late sown condition, again HI 1571 (30.93 %) 

was the best with respect to gluten content, 
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however, GW 433 (30.87 %), HI 1563 (30.73 

%), HD 3091 (30.57 %), PBW 670 (30.57 %), 

HD 2864 (30.40 %) and GW 432 (30.13 %) 

also fared better and were at par with it. 

 

The finding of this study is in agreement with 

Torbica and Mastilovic (20) who obtained 

higher gluten content in late sown condition 

and reported that temperature affected the 

amount, composition and polymerisation of 

gluten content. 

 

Sowing wheat at late date significantly 

increased the content of wet gluten as 

reported by Klupczynski et al., (21) and 

Podolska and Stankowski (22). The results are 

in contrast with Yasmin et al., (23) and Balla 

et al., (5) who reported reduction in gluten 

content under delayed sowing.  

 

Correlation coefficient analysis 

 

Correlation coefficient revealed that there was 

significant correlation between grain yield 

and gluten content (-0.4680*) but in negative 

direction. Protein content (-0.0013) showed 

negative non-significant correlation with 

grain yield, whereas, starch content (0.1195) 

showed positive correlation with grain yield 

although, it was non-significant (Table 3). 

Shahzad et al., (18) also reported the same 

result. Hussain et al., (24), while analysing 

the correlation of some qualitative and 

quantitative traits with grain yield of wheat, 

reported negative and significant correlation 

between grain yield and gluten content. Brill 

et al., (25) examined the comparison of grain 

yield and grain protein concentration of 

commercial wheat varieties. They reported 

that there was a negative correlation between 

grain yield and protein content. 

 

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. Thus, they could be 

considered as thermo-tolerant varieties. 

Biochemical parameters showed significant 

differences with respect to protein, starch and 

gluten content. Gluten content exhibited 

significant negative correlation with grain 

yield. Protein contributed negatively to grain 

yield, whereas, there was non-significant 

positive correlation between starch and grain 

yield. 

 

Thus, it could be concluded that thermo-

tolerant varieties, HI 1571 and GW 433 also 

had higher grain gluten content, making their 

grain quality favourable for chapatti making. 

Additionally, variety GW 433could be 

labelled as the best variety with increased 

protein and starch content wheat sown late. 
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