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Abstract 
 
The experiment was carried out in the research field of Wheat Research Centre (WRC), Bangladesh Agricultural 

Research institute (BARI), Nashipur, Dinajpur, Bangladesh in the Rabi season (from November, 2012 to April. 

2013), 2012-13 to observe the effect of heat stress in irrigated late sowing conditions (ILS) on the yield and yield 

attributes of different wheat genotypes and thereby to search heat tolerant genotypes. The treatments were 4 

dates of sowing viz. 30 Nov (D1), 15 Dec (D2), 30 Dec (D3) & 14 Jan (D4)  and 4 genotypes viz. BARI Gom 26 (V1), 

BAW 1051 (V2), BAW 1120 (V3) & BAW 1141 (V4) . The genotypes V2, V3, and V4 were taken as test genotypes and 

V1 as check. The design was split-plot with 3 replications. In ILS conditions, all genotypes faced high 

temperature in different stages which hampered the normal growth of the yield contributing attributes resulting 

the extreme yield reduction of all except V4.  But, all yield contributing characters of V4 performed the best in 

heat stress condition. The yield reduction percentage was the lowest in V4 (16.6-31.5%) of all genotypes. The 

advanced line, V4 can be sown up to 15 December as heat tolerant genotypes to get yield more than 3.5 t ha-1  as 

the most heat tolerant and one of the shortest life span genotypes of all. 
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Introduction 

Wheat is the most nutritious food grain of all cereal 

grains in the world. According to its genotypic 

adaptability it grows world-wide. Due to various 

reasons, it is the stable food of the universe people 

and the second main food of Bangladeshi people also.   

Accounting for a fifth of humanity’s food, wheat is 

also second after rice as a source of calories in the 

diets of consumers in developing countries and is the 

first as a source of protein (Braun et al., 2010). Wheat 

is an especially critical “staff of life” for the 

approximately 1.2 billion “wheat-dependent” to 2.5 

billion “wheat-consuming” poor-men, women and 

children-who live on less than $ US 2/day (FAOSTAT, 

2010). The International Food Policy Research 

Institute (IFPRI) projections indicate that the world 

demand for wheat will rise from 552 million tons in 

1993 to 775 million tons by 2020, and 60% in total by 

2050 (Rosegrant et al., 1997; Rosegrant and Agcaoili, 

2010).  

 

The temperature of Bangladesh rises day by day. The 

annual mean temperature of Bangladesh is 25.75°C, 

which is expected to rise about 0.21°C by 2050 

(Karmakar and Shrestha, 2000). The Organization for 

Economic Co-operation and Development (OECD) 

(2003) estimated a rise in temperature of 1.4°C by 

2050 and 2.4°C by 2100 in Bangladesh. Islam (2009) 

estimated, from 34 meteorological climate sites in 

Bangladesh, that temperature increases over the past 

100 years-for all Bangladesh-of 0.62°C (maximum) 

and 1.54°C (minimum) occurred in February. Poulton 

and Rawson (2011) reported that temperature in 

Bangladesh increased over the past two decades by 

0.035°C/year. If this trend continues, temperatures 

will have increased 2.13 °C more than 1990 levels by 

2050. 

 

The heat tolerant wheat variety release is a demand of 

time of Bangladesh due to global warming or from the 

insight of the worst effect aspect of climate change. 

The optimum time of wheat seeding is 15 to 30 

November in our country but it can delay up to 7 

December in Northern part of Bangladesh due to cold 

weather compared to that of other parts of the 

country. 

Generally, the farmer of our country cultivates wheat 

in Rabi season after harvesting of T. aman rice. This 

rice cultivation fully depends on natural rainfall. Due 

to lack of timely or sufficient rainfall, T. aman rice 

can’t be planted in time. Ultimately harvesting is done 

lately. So farmers can’t sow wheat seeds in optimum 

time. Most of the farmers sow wheat seeds on the last 

15 days of December.  

 

In late sowing condition, wheat crop faces high 

temperature stress. Heat stress lowers the grain yield 

significantly. Researchers have pointed out that wheat 

yield is considerably affected by sowing date (Chio et 

al., 1992; Liszewski, 1999; Michiyama et al., 1998; 

Pecio and Wielgo, 1999). In fact, due to variation of 

sowing time the air temperature varies widely that 

affects the phenology of crop plants. On the other 

hand, Genetic diversity for heat tolerance in 

cultivated wheat is well established (Midmore et al., 

1984; Al-Khatib and Pausen, 1990; Reynolds et al., 

1994). Different in photosynthesis under heat stress 

have been shown to be associated with a loss of 

chlorophyll and a change in a: b chlorophyll ratio due 

to premature leaf senescence (Al-Khatib and Paulsen, 

1984; Harding et al., 1990). Under heat stress, wheat 

crop completes its life cycle much faster than under 

normal temperature conditions (Reynolds et al., 

1985). If the crop has a short duration consequently, 

it gets fewer days to accumulate assimilates during 

life cycle and biomass production is reduced.  

 

Reproductive processes are remarkably affected by 

high temperature in most plants, which ultimately 

affect fertilization and post-fertilization processes 

leading to reduce crop yield (Wahid et al., 2007). 

Several research findings noticed that temperature 

below (<10 °C) or above (>25 °C) the optimum (12 to 

25°C) alter phenology, growth and development and 

finally reduce the yield of existing Bangladeshi wheat 

varieties (Hakim et al., 2012; Hossain et al., 2009, 

2011, 2012a, 2012b, 2012c; Nahar et al., 2010; 

Rahman et al., 2009). Thus, heat is the greatest threat 

to food security in Bangladesh where wheat is the 

second most important food grain and where 

population is rapidly increasing (Indexmundi, 2011). 
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The IPCC (2007), CIMMYT-ICARDA (2011), CGIAR 

(2009) and OECD (2003) reported that world wheat 

production will decrease due to global warming and 

developing countries, like Bangladesh, will be highly 

affected. 

 

Recently, some high yielding advanced genotypes 

were identified by Barma et al., (2008). As plant 

responses to high temperature varies with plant 

species, varieties, locations and phenological stages, it 

is essential to observe the performance of advanced 

genotypes as heat tolerant. Therefore, the trial was 

undertaken to identify heat tolerant suitable genotype 

(s) for growing in ILS conditions. 

 

Materials and methods 

Experimental site 

The experiment was carried out in the Rabi season of  

2012-13 (from November to April) in the research 

field of Wheat Research Centre (WRC), Bangladesh 

Agricultural Research institute (BARI), Nashipur, 

Dinajpur, Bangladesh. The soil of the experimental 

field belongs to under the old himalayan piedmont 

plain designated as ‘Agro-Ecological Zone’ # 3 

(FAO/UNDP, 1988), characterized by flood free 

highland, fine in texture (Sandy loam and Silty loam), 

poor in organic matter content and strongly acidic (PH 

ranges from 4.5 to 5.5) (WRC, 2009). It is situated in 

northern part of Bangladesh and geographically the 

area lies between 25°38" N, 88°41" E and 38.20 m 

above from sea level.  

 

Treatments and design  

Three advanced genotypes viz. BAW 1051 (V2), BAW 

1120 (V3) and BAW 1141 (V4) were used as test 

genotypes and BARI Gom (V1) as check. One irrigated 

timely sowing (ITS) and three irrigated late sowings 

(ILS) were imposed to provide terminal high 

temperature over the test genotypes. The ITS was Nov 

30 (D1) and three ILSs were Dec 15 (D2), Dec 30 (D3) 

& Jan 14 (D4). Sowing times were accommodated in 

main-plot and the test genotypes were assigned to 

sub-plot. The unit plot size was 4 × 5 m.  

 

 

Fertilizering and Seeding 

The land was ploughed four times horizontally with 

power tiller followed by 12-15 cm depth. Each of the 

sub-plots was fertilized @ 100-27-50-20-1-4.5-5000 

kg ha-1 as N-P-K-S-B-Zn-Cow dung. The source of N, 

P, K, S, B and Zn were used as Urea, TSP, MoP, 

Gypsum, Boric acid and Zinc sulphate, respectively. 

All of TSP, MoP, Gypsum, Boric acid, Zinc Sulphate, 

Cow dung and two-third of Urea were applied as basal 

dose during final land preparation. Seeds were 

treated with Provax 200 WP @ 3g/Kg seed, is a seed-

treated fungicide containing Carboxin and Thiram. 

Research conducted at the WRC (2009) indicated 

that Provax-200 WP is a perfect match for controlling 

fungi in Bangladesh soil, for achieving excellent seed 

germination and for protecting wheat cultivars from 

fungal infection during the seedling stage. This 

fungicide is marketed by Hossain Enterprise CC 

Bangladesh Ltd., an agrochemical company engaged 

in crop protection and seed treatment, in association 

with Chemtura Corp., USA. After well preparation of 

land seeds @ 120 kg ha-1 of each variety/genotypes 

were sown continuously in lines 20 cm apart in 3-4 

cm depth.  

 

Other intercultural operations 

Rest amount of Urea was applied as top-dress at CRI 

(Crown Root Initiation) stage followed by first 

irrigation (Zadoks stage 2.1). The second irrigation 

was applied at late booting stage (Zadoks stage 4.5) 

and another was applied at early grain filling stage 

(Zadoks stage 7.7). Each sub-plot was kept free from 

weeds by applying affinity @ 2.5 g/litre water at 27 

DAS after 1st irrigation. Tilt was sprayed two times @ 

0.5 ml/litre water, one just before spike initiation and 

another was applied 15 days after full heading to 

control fungal disease, Bipolaris leaf blight (BpLB) 

caused by fungus, Bipolaris sorokiniana. Each of 

genotypes was harvested after its maturity.  

 

Data collection and their processing 

The crop was harvested plot-wise at full maturity 

according to treatments. Before harvesting, spikes 

were counted in one m length from randomized 

selected 5 rows of sub-plot. 
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Sample plants were harvested separately with sickle 

from an area of 3 × 3 m (i.e., 3 m long, 15 middle 

rows), avoiding border effects. The harvested sample 

crop of each sub-plot was bundled separately, tagged 

and taken to a threshing floor. The bundles were 

thoroughly dried under bright sunshine until fully 

dried, then weighed and threshed. Threshed grains of 

each sub-plot were again dried with sunshine and 

weighed; lastly grain yield was converted into t ha-1. 

On the other hand, 10 plants were chosen randomly 

outside sample area from standing crop of the field to 

measure spike length (cm), to count spikelet (s) spike-

1 and grain (s) spike-1. Thousand grains was counted 

and weighed, expressed in gram (g).  

 

To obtain the actual yield of all genotypes, grain yield 

weight was adjusted at 12% moisture by the following 

equation (Hellevang, 1995):  

 

 

 

Where, Y (M2) = weight of grain at expected moisture 

percentage (generally 12% for wheat); Y (M1) = 

weight of grain at present moisture percentage; M1 = 

present moisture percentage; M2 = expected moisture 

percentage. 

 

Temperature data was recorded regularly by HOBO 

U12 Family of Data Loggers (MicroDAQ.com) at the 

meteorological station, WRC, Nashipur, Dinajpur, 

Bangladesh and     was presented in Fig. 1. 

 

Data was analyzed using MSTAT-C (Russell, 1994). 

Treatment means were compared for significance by 

the least significant difference (LSD) test at p = 0.05. 

 

Result and discussion 

Spike m-2 

Spike density is one of the most important yield 

contributing factors for wheat yield production. To 

get yield 5 t ha-1, 500 effective spikes must be 

produced per square metre (Rawson et al., 2000). It 

may be varied due to different stress conditions. 

In this study, both the main effect of terminal high 

temperature forced by sowing times and genotypes 

was significant on spike density. Spike density 

decreased with the delay of sowings. Under irrigated 

timely sowing (ITS) condition, BAW 1120 succeeded 

to produce significantly the maximum number (347) 

of spike per unit area (Table 1). On the contrary, 

minimum number (281) of spike m-2 was observed in 

BARI gom 26. The genotype BAW 1051 produced 

second highest number (312) of spike m-2 and the 

value was statistically identical to the value (308) 

noted from BAW 1141. The genotypes, BAW 1120 also 

resulted in higher number of spikes ILS conditions 

(Spike m-2 334 in D2, 311 in D3 and also 311 in D4 

seeding). In the very late sowing condition (D4), all 

advanced genotypes produced higher spikes per unit 

area than that of the recently released variety, BARI 

Gom 26 (Table 1). Among the advanced genotypes, 

BAW 1120 and BAW 1141 performed better both in 

ITS and ILS conditions.  

 

Moreover, spike reduction percentage per square 

meter was the highest in D4 seeding (15.3%) of all ILS 

conditions in BAW 1141 (Fig. 2) while it was 11.4 (%) 

in D2 and 13.0 (%) in D3 sowing compared to ITS 

condition (D1).  Because, with the passing of day, 

temperature was being increased gradually (Fig. 1). 

During D4 growth period, minimum, maximum & 

mean temperature and relative humidity (%) 

prevailed 13.3, 27.3 & 15.9 0C and 75.8% RH while 

those were 12.8, 26.4 & 14.9 0C and 77.6% RH during 

D1 growth period. But, spike production of BARI Gom 

26 and BAW 1051 was increased in D2 seeding 

compared to those of D1 sowing. Perhaps, those 

genotypes were positively sensitive to cold 

temperature and high RH (%). The similar result was 

found by Hossain et al., (2012).  

 

Spike length (cm) 

The highest spike length was observed in ITS 

condition (10.6 cm in V4) and the lowest was in D3 

and D4 seeding (9.7 cm in V1 each) (Table 2).  It is 

noticeable that the spike length was reduced 

gradually across the late of sowing time. 
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It can be occurred due to high temperature as it 

reduces the life span of wheat (Reynolds et al., 1985). 

On an averaged of genotypes performance, the biggest 

spike length was determined in BAW 1141 (10.6 cm) 

from D1 seeding. The very high spike length reduction 

(%) was observed in BARI Gom 26 (6%) seeded on D4 

compared to normal sowing (D1) (Fig. 3).   

 

Spikelet spike-1 

The number of spikelet per spike is another important 

factor to get higher yield. In ILS condition, the plant 

is exposed to extremely high temperature which 

reduces the pollen viability and dries the stigma 

causing pollination hampered. In ITS condition, the 

highest spikelet was attained from BAW 1141 (15.4) 

and the lowest from BAW 1051 (14.1). But the highest 

spikelet spike-1 was counted from BAW 1051 while it 

was seeded on 15 Dec and from BAW 1141 (16.1) 

seeded on 30 Dec. It is cited that along with the late 

sowing, all genotypes produced lower spikelet spike-1 

except some cases (Table 3).  Spikelet spike-1 

reduction (%) was higher in BARI Gom 26 (7.8-

15.7%) in all ILS conditions compared to ITS 

condition (Fig. 4). In case of BAW 1051, the 

production of spikelet spike-1 was an increasing 

pattern in all ILS conditions compared to ITS 

condition. This increasing trend was 4.3-9.2%.  

 

Grains spike-1 

Number of grains spike-1 is also one of the major 

criteria to influence grain yield of wheat. Heat stress, 

singly or in combination with drought, it is common 

constraint during anthesis and grain filling stages in 

many cereal crops of temperate region (Nahar, et al., 

2010). In this study, terminal high temperature 

imposed by late sowings had significant effect on 

number of grains spike-1 (Table 4). Among the tested 

genotypes, BARI Gom 26 significantly resulted in the 

highest number (46.7) of grains spike-1 averaged over 

sowing times and other genotypes performed 

similarly. Here, all genotypes’ production of grains 

spike-1  lower in all late seeding conditions without 

BAW 1051 in D2, BAW 1120 and BAW 1141 in D3 

seeding. In these sowing, the production of grains 

spike-1 was being increased.   

BAW 1141 produced 6.9, 6.0 and 5.8% higher number 

grains spike-1 over BAW 1120, BARI Gom 26 and 

BAW 1051, respectively. Due to late sowings (D2, D3, 

D4) the number of grains spike-1 was reduced by 3.8-

5.0%. 1.1-14.7 % and 0.7-18.4%, respectively over ITS 

condition. In ILS conditions, higher temperature 

during anthesis and maturity period reduced number 

of grains spike-1(Table 4 and Fig. 1 & 5).  This finding 

is in close conformity with findings of Guilioni et al. 

(2003). They point out that kernel density and weight 

is lost by up to 7% in spring wheat due heat stress.  

 

Thousand grain weight (TGW) 

TGW is the most important factor of all yield 

contributing characters. It plays a vital role to 

increase the yield of any genotype sown in any time. 

In the present study, it was also influenced by the 

terminal high temperature imposed by late sowing 

times. TGW averaged over genotypes also decreased 

with the delay of sowing times. The maximum TGW 

(50.2 g) was record from D1 seeding of BAW 1141 

(Table 5). 

 

All genotypes performed better in ITS condition. In 

case of all genotypes, TGW was decreased along with 

the delay sowing. Because, temperature was increased 

and RH (%) was decreased with the delay seeding 

(Fig. 1). It is remarkable that of BAW 1141 produced 

the highest TGW (39.4-45.3 g) in all ILS conditions 

except 45.7 and 43.6 g produced from BAW 1051 

seeded on 30 Dec and 14 Jan, respectively (Table 5).  

In very late seeding (Jan 14), TGW of all genotypes 

was severely decreased. TGW reduction (%) was 

observed from 21. 5 to 25.4% in D2 seeding compared 

to D1 seeding    (Fig. 6). BAW 1120 exhibited the 

highest TGW reduction (%) in all ILS conditions (6.1-

25.4%) and was the lowest in BAW 1051 (0.2%) in D2 

seeding compared to ITS condition. This genotype’s 

TGW was increased (3.6-8.6%) in between D3 and D4 

sowing conditions compared to timely sowing. 

Similar result was found out by Chio et al., 1992; 

Liszewski, 1999; Michiyama et al., 1998; & Pecio and 

Wielgo, 1999.  
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Table 1. Effect of terminal high temperature on spike 

density (m-2) of wheat genotypes (V). 

 

D × V D1 D2 D3 D4 

V1 281 297 277 256 

V2 312 322 261 286 

V3 347 334 311 311 

V4 308 273 268 261 

LSD (0.05) =25.2 CV (%) =3.75  

 

D1 = 30 Nov, D2 = 15 Dec, D3 = 30 Dec, D4 = 14 Jan, 

V1 = BARI Gom 26, V2 = BAW 1051, V3 = BAW 1120, 

V4= BAW 1141, LSD = Least significance difference, 

CV = Coefficient of variance 
 

 

Table 2. Effect of terminal high temperature on 

spike length (cm) of wheat genotypes (V) imposed by 

late sowing times (D). 

D × V D1 D2 D3 D4 

V1 10.4 10.4 9.7 9.7 

V2 10.5 10.5 10.4 10.3 

V3 10.2 10.2 10.2 10 

V4 10.6 10.4 10.2 10.1 

LSD(0.05) =0.60 CV (%) =2.55  

 

D1 = 30 Nov, D2 = 15 Dec, D3 = 30 Dec, D4 = 14 Jan, 

V1 = BARI Gom 26, V2 = BAW 1051, V3 = BAW 1120, 

V4= BAW 1141, LSD = Least significance difference, 

CV = Coefficient of variance 

 

Grain yield 

Wheat is the most temperature sensitive cereal crop 

of all.  In Bangladesh, early wheat faces high 

temperature stress at the vegetative stage and LS 

(Late sowing) wheat is affected at two stages: 

germination by low temperature stress (<10°C) and at 

the reproductive stage by high temperature (>25 °C), 

which ultimately affects GY (Hossain et al., 2011; 

2012c). Every 1 °C rise in temperature above the 

optimum (15°C) reduces yield by 3-4% per spike 

(Wardlaw et al., 1989a; 1989b). In ITS condition, all 

the genotypes resulted in significantly higher grain 

yield and thereafter yield decreased with the delay of 

sowing times. The yield of all genotypes recorded 

from ITS condition was significantly higher than 

those of all ILS conditions. Under ITS condition, 

BARI Gom 26 produced significantly the highest 

grain yield (4.96 t ha-1) (Table 6). 

 

This yield was statistically identical to the yield noted 

from other genotypes (4.67-4.92 t ha-1). 

 

Table 3. Effect of terminal high temperature on 

spikelet spike-1 of wheat genotypes (V) imposed by 

late sowing times (D) 

D × V D1 D2 D3 D4 

V1 15.3 13.5 14.1 12.9 

V2 14.1 14.9 15.4 14.7 

V3 14.4 15.2 14.2 13.4 

V4 15.4 14.9 16.1 13.8 

LSD(0.05) =0.57 CV (%) =1.73  

 

D1 = 30 Nov, D2 = 15 Dec, D3 = 30 Dec, D4 = 14 Jan, 

V1 = BARI Gom 26, V2 = BAW 1051, V3 = BAW 1120, 

V4= BAW 1141, LSD = Least significance difference, CV 

= Coefficient of variance 

 

Table 4. Effect of terminal high temperature on 

grains spike-1 of wheat genotypes (V) imposed by late 

sowing times (D). 

D × V D1 D2 D3 D4 

V1 51.6 49 44 42.1 

V2 36 39 35.6 30.2 

V3 39.1 38.9 41.1 38.8 

V4 44.5 42.8 47.4 44.2 

LSD(0.05) =1.93 CV (%) =2.04  

 

D1 = 30 Nov, D2 = 15 Dec, D3 = 30 Dec, D4 = 14 Jan, 

V1 = BARI Gom 26, V2 = BAW 1051, V3 = BAW 1120, 

V4= BAW 1141, LSD = Least significance difference, 

CV = Coefficient of variance 

 

Table 5. Effect of terminal high temperature on TGW 

(g) of wheat genotypes (V) imposed by late sowing 

times (D). 

D × V D1 D2 D3 D4 

V1 42.1 40.1 37.3 32.4 

V2 42.1 42 45.7 43.6 

V3 42.9 40.3 35.8 32 

V4 50.2 45.3 43.7 39.4 

LSD(0.05) =0.01 CV (%) =0.04  

 

.  D1 = 30 Nov, D2 = 15 Dec, D3 = 30 Dec, D4 = 14 Jan, 

V1 = BARI Gom 26, V2 = BAW 1051, V3 = BAW 1120, 

V4= BAW 1141, LSD = Least significance difference, 

CV = Coefficient of variance 
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Table 6. Effect of terminal high temperature on 

grain yield (t ha-1) of wheat genotypes (V) imposed by 

late sowing times (D). 

D × V D1 D2 D3 D4 

V1 4.96 3.82 3.2 2.52 

V2 4.92 3.71 3.26 2.57 

V3 4.67 3.92 3.11 2.69 

V4 4.89 4.08 3.41 3.35 

Mean-D 5.44 4.38 3.52 2.26 

LSD(0.05) =0.01 CV (%) =0.41  
 

.  D1 = 30 Nov, D2 = 15 Dec, D3 = 30 Dec, D4 = 14 Jan, 

V1 = BARI Gom 26, V2 = BAW 1051, V3 = BAW 1120, 

V4= BAW 1141, LSD = Least significance difference, 

CV = Coefficient of variance 

 
 

 

Fig. 1. 7 days interval average minimum, maximum 

& their mean temperature and relative humidity (% 

RH) during the growing period of wheat from 28 

November, 2012 to 10 April, 2013 at WRC, Dinajpur. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Reduction percentage (%) of spike m-2 at 

different irrigated late sowing conditions (D2, D3 and 

D4) comapered to irrigated timely sowing (D1) 

D2 = 15 December, D3 = 30 December, D4 = 14 

January, V1 = BARI Gom 26, V2 = BAW 1051, V3 = 

BAW 1120, V4= BAW 1141 

 

 

 

 

 

 

 

 

 

 
 

Fig. 3. Reduction percentage (%) of spike length (cm) 

at different irrigated late sowing conditions (D2, D3 

and D4) comapered to irrigated timely sowing (D1) 

D2 = 15 December, D3 = 30 December, D4 = 14 

January, V1 = BARI Gom 26, V2 = BAW 1051, V3 = 

BAW 1120, V4= BAW 1141 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. Reduction percentage (%) of  spiklet spike-1 at 

different irrigated late sowing conditions (D2, D3 and 

D4) comapered to irrigated timely sowing (D1). 

D2 = 15 December, D3 = 30 December, D4 = 14 

January,, V1 = BARI Gom 26, V2 = BAW 1051, V3 = 

BAW 1120, V4= BAW 1141 

 

This finding indicates that in ITS condition, the 

recently released variety BARI Gom 26 was superior 

to all advanced or promising genotypes. Just after 15-

days of ITS i.e. in D2 seeding, the significant yield 

reduction was found due to higher temperature and 

low humidity prevailed in their heading, flowering 

and grain filling stages (Fig. 1 & 7 and Table 6). In this 

sowing, yield reduction of the genotypes BARI Gom 

26, BAW 1141, BAW 1120 and BAW 1051 was 23.0%, 

16.6%, 16.1% and 24.6%, respectively as compared to 

ITS condition. The similar result was found by 

Hossain et al. (2012). 
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Fig. 5. Reduction percentage (%) of grain spike-1 at 

different irrigated late sowing conditions (D2, D3 and 

D4) comapered to irrigated timely sowing (D1). 

D2 = 15 December, D3 = 30 December, D4 = 14 

January, V1 = BARI Gom 26, V2 = BAW 1051, V3 = 

BAW 1120, V4= BAW 1141 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

Fig. 6. Reduction percentage (%) of TGW at different 

irrigated late sowing conditions (D2, D3 and D4) 

comapered to irrigated timely sowing (D1). 

D2 = 15 December, D3 = 30 December, D4 = 14 

January, V1 = BARI Gom 26, V2 = BAW 1051, V3 = 

BAW 1120, V4= BAW 1141 

 

 

 
 
 

Fig. 7. Reduction percentage (%) of grain yield ( t ha-

1) at different irrigated late sowing conditions (D2, D3 

and D4) comapered to irrigated timely sowing (D1). 

D2 = 15 December, D3 = 30 December, D4 = 14 

January, V1 = BARI Gom 26, V2 = BAW 1051, V3 = 

BAW 1120, V4= BAW 1141 

 

In the late sowing (30 Dec), BAW 1141 gave 

significantly the highest yield (3.41 t ha-1) and other 

genotypes statistically produced similar yields (3.11 -

3.26 t ha-1). In this sowing, yield reduction of the 

genotypes BAW 1141, BARI Gom 26, BAW 1051 and 

BAW 1120 was 30.3%, %, 35.5%, 33.7% and 33.4%, 

respectively compared to ITS condition. In the very 

late sowing condition (14 Jan), BAW 1141 also 

produced significantly the highest grain yield (3.35 t 

ha-1). On the contrary, the recently released variety 

gave the lowest yield (2.52 t ha-1) in this seeding. 

Other two advanced genotypes performed statistically 

identical result (produced yield in between 2.52 to 

2.69 t ha -1) (Table 6). 

 

At that time, the percent of yield reduction was 

remarkable and it was 31.5%%, 42.4 %, 47.8% and 

49.2% in BAW 1141, BAW 1120, BAW 1051 and BARI 

Gom 26, respectively. The similar result was found by 

Alam et al. (2013). Previous research findings also 

indicated that high temperature significantly 

decreased all traits, especially GY (by 46.63%), 1000-

kernel weight (by 20.61%) and grain filling duration 

(by 20.42%) under high temperature stress (>25 to 

30°C) (Modarresi et al., 2010). Considering the yield 

performance, the advanced line, BAW 1141 performed 

better than other genotypes in all sowing times, 
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although there was significant yield reduction over 

timely sowing (30 Nov). 

 

This line produced more than 3 t ha-1 grain yields on 

30 Dec and 14 Jan sowing conditions. This indicated 

that among the tested genotypes, BAW 1141 was the 

best genotype of all in heat stress condition.  

 

Acknowledgments 

All praise is due to magnanimous Allah, has enabled 

us to complete this paper. I sincerely express 

indebtedness and deepest sense of gratitude to Dr. 

Md. Jalal Uddin, Director, Wheat Research Centre 

(WRC),  Dr. Bodruzzaman, Principal Scientific Officer 

& Head, Division of Soil Science, Dr. Akbar Hossain, 

Senior Scientific Officer & Head, Division of 

Agronomy,  Md. Shah Kamal, Laboratory Attendant, 

Wheat Research center (WRC), Bangladesh 

Agricultural Research Institute (BARI), Nashipur, 

Dinajpur, Bangladesh. 

 

References 

Alam MN, Mannaf MA, Sarker MAZ, Akhter 

MM. 2013. Effect of terminal high temperature 

imposed by late sowing on phenological traits of 

wheat (Triticum aestivum L.). International Journal 

of Agronomy and agricultural Research 3(3):6-10 

 

Al-Khatib K, Paulsen GM. 1984. Mode of high 

temperature injury to wheat during grain 

development, Plant Physiology 61, 363-368, 

http://dx.doi.org/10.1111/j.1399-

3054.1984.tb06341.xIssue  

 

Barma NCD, Sarker ZI. 2008.  Annual Report, 

Wheat Research Center, Bangladesh Agricultural 

Research Institute, Nashipur, Dinajpur, Bangladesh, 

50-80.  

 

Braun HJ, Atlin G, Payne T. 2010. Multi-location 

testing as a tool to identify plant response to global 

climate change. In: Reynolds CRP (Ed.). Climate 

change and crop production, CABI, London, UK. 

 

CGIAR (Consultative Group on International 

Agricultural Research). 2009. CGIAR and 

Climate Change. Global Climate Change: Can 

Agriculture Cope? Mapping the Menace of Global 

Climate Change. CGIAR at COP15-Dec. 2009.   

 

Chio HB, Park KY, Park RK. 1992. A study of 

cultural methods for summer buckwheat sown in 

spring. Korean Journal of Crop Science 37, 149-154.  

 

CIMMYT-ICARDA. 2011. WHEAT-Global Alliance 

for Improving Food Security and the Livelihoods of 

the Resources-Poor in the Developing World. 

Proposal submitted by  CIMMYT and ICARDA to the 

CGIAR consortium board, in collaboration with 

biodiversity, ICRISAT, IFPRI, ILRI, IRRI, IWMI, 86 

NARS Institute, 13 Regional and International 

Organizations, 71 Universities and Advance Research 

Institutes, 15 Private Sector Organizations, 14 NGOs 

and Farmers Cooperatives and 20 Host Countries. 197 

p.  

 

FAO/UNDP (Food and Agricultural 

Organization/United Nations Development 

Programme). 1988. Land resources appraisals of 

Bangladesh for agricultural development. Agro-

ecological regions of Bangladesh. Rome, Report No. 

2. 

 

FAOSTAT Data.. 2007. Food and Agricultural 

commodities production, Rome, Italy.  

 

Fischer RA, Byrlee DB. 1991. Trends of wheat 

production in worm areas: Major issues and 

economic consideration. In. D. A. Saunders (editors). 

Wheat for Non-traditional worm areas. México, D. F. 

CIMMYT. 3-27.  

 

Fischer RA, Maurer R. 1976. Crop temperature 

modification and yield potential in a dwarf spring 

wheat. Crop Science 16, 855-859, 

http://dx.doi.org/10.2135/cropsci1976.0011183X001

600060031x  

 

Fischer, RA. 1985. Physiological limitations to 

producing wheat in semi-tropical and tropical 

environments and possible criteria. In: Villareal RC, 

Klatt AR (Editors.) Wheat for more tropical 

http://dx.doi.org/10.1111/j.1399-3054.1984.tb06341.xIssue
http://dx.doi.org/10.1111/j.1399-3054.1984.tb06341.xIssue
http://dx.doi.org/10.2135/cropsci1976.0011183X001600060031x
http://dx.doi.org/10.2135/cropsci1976.0011183X001600060031x


 

304 Alam et al. 
 

Int. J. Biosci. 2013 

environments: 209-230. CIMMYT, Mexico, D. F.  

1991, ISBN: 978-94-011-1524-7.   

 

Foolad MR. 2005. Breeding for abiotic stress 

tolerances in tomato, p. 613-684. In: Ashraf M. and P. 

J. C. Harris Eds. Abiotic Stresses: Plant Resistance 

through Breeding and Molecular Approaches. The 

Haworth Press Inc., New York, USA,  

http://dx.doi.org/10.1155/2008/926090  

 

Hakim MA, Hossain A, Teixeira da Silva, JA, 

Zvolinsky VP, Khan MM. 2012. Yield, protein 

and starch content of 20 wheat (Triticum aestivum 

L.) genotypes exposed to high temperature under late 

sowing conditions. J. Sci. Res. 4 (2), 477-489. 

 

Harding SA, Guikema JC, Paulsen GM. 1990. 

Photosynthesis decline from high temperature stress 

during mutation of wheat. Interaction with 

senescence process, Plant Physiology 92, 648-653, 

http://dx.doi.org/10.1104/pp.92.3.648  

 

Hellevang, KJ. 1995. Grain moisture content effects 

and management. Department of Agricultural and Bio 

systems Engineering, North Dakota State University. 

Available online:  

 

Hossain, A, Lozovskaya, MV, Zvolinsky VP,  

Teixeira da Silva JA. 2012a. Effect of soil and 

climatic conditions on yield-related components 

performance of spring wheat (Triticum aestivum L.) 

Varieties in northern Bangladesh. Natural Science: 

Journal Fund and Applied Science 39(2), 69-78.  

 

Hossain A, Lozovskay MV, Zvolinsky VP, 

Teixeira da Silva JA. 2012b. Effect ofsoil and 

climatic conditions on phenology of spring wheat 

varieties in northern Bangladesh. Natural Science: 

Journal Fund and Applied Science 39(2), 78-86.  

 

Hossain A, Sarker MAZ, Saifuzzaman M., 

Akhter MM, Mandal MSN. 2009. Effect of sowing 

dates on yield of wheat varieties and lines developed 

since 1998. Bangladesh Journal of Progressive 

Science and technology 7(1), 5-8. 

 

Hossain A, Sarker MAZ, Hakim MA, 

Lozovskaya MV, Zvolinsky, VP. 2011. Effect of 

temperature on yield and some agronomic characters 

of spring wheat (Triticum aestivum L.) genotypes. 

International Journal of Agricultural Research 

Innovation and Technology 1(1), 44-54. 

 

Hossain A, Teixeira da Silva JA, Lozovskaya 

MV, Zvolinsky VP. 2012c. The Effect of high 

temperature stress on the phenology, growth and 

yield of five wheat (Triticum aestivum L.) genotypes. 

The Asian and Australian Journal of Plant Scencei 

and Biotechnology 6(1). (in press). 

 

Indexmundi. 2011. Bangladesh wheat production 

by year: Market year, production (1000 MT) and 

growth rate (%). 

 

IPCC 2007, Climate Change 2007. Synthesis Report, 

Contribution of Working Groups I, II And III to the 

Fourth Assessment Report of the Intergovernmental 

Panel on Climate Chang [Core Writing Team, 

Pachauri RK, Reisinger A (Eds.)]. IPCC: Geneva, 

Switzerland p. 104. 

 

Islam AS. 2009. Analyzing changes of temperature 

over Bangladesh due to global warming using historic 

data. Young Scientists of Asia Conclave, Jawaharlal 

Nehru Centre for Advanced Scientific Research 

(JNCASR), 15-17 January, Jakkur, Bangalore. 

 

Karmakar S, Shrestha ML. 2000. Recent Climatic 

Changes in Bangladesh. SMRC No.4. SAARC 

Meteorological Research Centre, Agargaon, Dhaka, 

Bangladesh. 

 

Liszewski M. 1999. Response of buckwheat to early 

planting depending on weather conditions. Foliar 

Universitatis Agricultural Stetinensis. Agriculture 79, 

139-141.  

 

Michiyama HA, Fukui, and Hayashi, H. 1998. 

Differences in the progression of successive flowering 

between summer and autumn ecotype cultivars in 

common buckwheat (Fagopyrum esculentum 

http://dx.doi.org/10.1155/2008/926090
http://dx.doi.org/10.1104/pp.92.3.648


 

305 Alam et al. 
 

Int. J. Biosci. 2013 

Moench). Japan Journal of Crop Science 64, 498-

504.  

 

Midmore DG, Cartwright PM, Fischer RA. 

1984. Wheat in tropical environments. II. Crop 

Growth and Grain Yield. Field Crops Research 8, 

207-227, 

http://dx.doi.org/10.1016/0378-4290(84)90064-9  

 

Modarresi M, Mohammadi V, Zali A, Mardi M. 

2010. Response of wheat yield and yield related traits 

to high temperature. Cereal Research Community 

38(1), 23-31. 

 

Nahar KK, Ahamed U, Fujita M. 2010. 

Phenological variation and its relations with yield in 

several wheat (Triticunm aestivum L.) cultivars 

under normal and late sowing. Mediated heat stress 

condition. Not Science Biology 2(3), 51-56.   

 

OECD. 2003. Rising food prices: Causes and 

consequences. P. 9.  

 

Pecio A, Wielgo B. 1999. Buckwheat yielding and 

structure of plant and canopy dependent of sowing 

time. Forage Agronomy 16, 5-17.   

 

Poulton PL, Rawson HM. 2011. Physical 

constraints to cropping in southern Bangladesh, p 

256. In: Rawson HM (Ed.). Sustainable 

Intensification of Rabi Cropping in Southern 

Bangladesh Using Wheat and Mungbean, ACIAR 

Technical Reports No. 78. - Australian Centre for 

International Agricultural Research, Canberra. 

 

Rahman MA, Chikushi J, Yoshida, Karim 

AJMS. 2009. Growth and yield components of wheat 

genotypes exposed to high temperature stress under 

control environment. Bangladesh Journal of 

Agricultural Research 34(3), 361-372. 

 

Rahman MM, Hossain A, Hakim MA, Kabir 

MR, Shah MMR. 2009. Performance of wheat 

genotypes under optimum and late sowing condition. 

International Journal of Sustain Crop Production 

4(6), 34-39. 

 

Rawson HM, Macpherson HG. 2000. 

Characteristics of a 5 t/ha crop as it grows, In: 

Irrigated Wheat, Publishing and Multimedia Service, 

Information Division, FAO, Viale delle Terme di 

Caracalla, 00100 Rome, Italy  p. 5. 

 

Rosegrant MW, Agcaoili M  2010. Global food 

demand, supply, and price prospects to 2010. 

International Food Policy Research Institute, 

Washington, DC. USA. 

 

Rosegrant MW, Sombilla MA, Gerpacio RV,  

Ringler C. 1997. Global food markets and US 

exports in the twenty-first century. Paper prepared 

for the Illinois World Food and Sustainable 

Agriculture Program Conference ‘Meeting the 

Demand for Food in the 21st Century: Challenges and 

Opportunities for Illinois Agriculture May 27, 1997. 

 

Russell OF. 1994. MSTAT-C v.2.1 (A computer 

based data analysis software). Crop and Soil Science 

Department, Michigan State University, USA. 

 

Tewolde H, Fernandez CJ, Erickson CA. 2006. 

Wheat cultivars adapted to post-heading high 

temperature stress. Journal of Agronomy and. Crop 

Science 192, 111-120. 

http://dx.doi.org/10.1111/j.1439-037X.2006.00189.x  

 

Ubaidullah, Raziuddin, Mohammad, 

Hafeezullah T, Ali S, Nassimi AW. 2006. 

Screening of wheat (Triticum aestivum L.) genotypes 

for some important traits against natural terminal 

heat stress. Pakistan Journal of Biological Science 

9:2069-2075. 

 

Wahid J, Gelani SM, Ashraf SM, Foolad MR. 

2007. Heat tolerance in plants: An overview. 

Environmental and Experiment of Botany 61, 199-

223, 

http://dx.doi.org/10.1016/j.envexpbot.2007.05.011  

 

Wardlaw IF, Dawson IA, Manabí P, Fewster R. 

1989a. The tolerance of wheat to high temperature 

during reproductive growth. I. Survey procedure and 

http://dx.doi.org/10.1016/0378-4290(84)90064-9
http://dx.doi.org/10.1111/j.1439-037X.2006.00189.x
http://dx.doi.org/10.1016/j.envexpbot.2007.05.011


 

306 Alam et al. 
 

Int. J. Biosci. 2013 

general response pattern. Australian Journal of 

Agricultural Research 40, 1-13. 

 

WardlawIF, Dawson IA, Munibi P. 1989b. The 

tolerance of wheat to high temperature during 

reproductive growth. II. Grain development. Aust J 

Agric Res 40, 15-24. 

 

WRC (Wheat Research Center). 2009. In: 

Annual Report, 2008-09, Wheat Research Center, 

Bangladesh Agricultural Research Institute, 

Nashipur, Dinajpur, Bangladesh p. 181. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


