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ABSTRACT 
 
 In order to study the effects of nitrogen levels on grain yield and grain growth of wheat genotypes 
under optimum and post-anthesis heat stress conditions, two separate field experiments were conducted in 
delayed and optimum sowing dates in south west of Iran. The experimental site had a moderate winter and 
dry, hot summer. Plants in delayed sowing date experienced heat stress at post-anthesis growth stag. Each 
split-polt experiment had a randomized complete block design with three replicates. The N application rates 
were (50, 100, and 150 KgNha-1) assigned in the main plots. Sub-plots consisted of six bread and durum 
wheat genotypes. Results indicated that, in both optimum and post-anthesis heat stress conditions, grain 
yield decreased significantly as nitrogen rate decreased. In the late sowing treatment, an increase average of 
7C in the average temperatures reduced TGW, GY, grain no. per spike and HI approximately 31%, 24%, 
12.4% and 10% compared to optimum sowing date, respectively. GY reduction was due to significant 
TGW decreasing. The highest and the lowest GY reduction in post-anthesis heat stress conditions belonged 
to in Star (long-season) and Vee/Nac (short-season) genotypes, respectively. The highest and the lowest 
SSI were in these two genotypes, respectively. The effect of N treatments on 1000-grain weight (TGW), 
effective grain filling rate (EGFR) and effective grain filling period (EGFP) was not significant. The 
highest and the lowest EGFP under optimum (26 days) and post-anthesis heat stress conditions (13 days) 
was belonged to Star cultivar, respectively. High temperature during grain filling period, enhanced EGFR 
(15%) and reduced TGW (31%) and EGFP (40%). Therefore, although the rate of assimilate accumulation 
increased under stress conditions, but this enhancement can not compensate EGFP reduction and the result 
was 31% reduction in TGW.  
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Introduction  
 
 Under subtropical conditions such as western 
part of Iran, heat stress after anthesis is the major 
grain yield limiting factor in winter sown wheat 
genotypes. Heat stress during after anthesis growth 
stages mainly affects assimilate availability, 
translocation of photo-synthates to the grain and 
starch synthesis and deposition in the developing 
grain. The net result is a lower grain weight due to 
source limitation [1]. The optimum temperature 
range to achieve maximum grain weight is 15-
18°C; higher temperatures (up to 30) reduce the 
duration of grain filling [2], and this reduction is 
not balanced by the increase in rate of assimilate 

accumulation [3, 4, 5]. It was shown in an earlier 
experiments that, with a temperature increase from 
15/16°C to 21/16°C there was an overall reduction 
in the duration of the grain filling period, and this 
was balanced by an increase in the rate of growth, 
with the result that there was little change in 
weight per grain at maturity [6]. However, with a 
further rise in temperature from 21/16°C to 
30/25°C the decrease in duration of grain growth 
(from 36 to 22 days) was no longer compensated 
by an increase in the rate of dry matter 
accumulation; mature grain weight at the higher 
temperature was therefore much reduced [3]. An 
analysis of the rate and duration of kernel filling of 
seven cultivars by Wardlaw and Moncur (1995) 
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showed that those cultivars most tolerant of high 
temperature during kernel filling (least reduction 
of kernel dry weight at maturity) were those where 
the rate of kernel filling was most enhanced by 
high temperature, i.e. the increased rate 
compensated for the reduced duration of kernel 
filling [7].  Heat stress during after anthesis growth 
stages mainly affects assimilate availability, 
translocation of photosynthates to the grain and 
starch synthesis and deposition in the developing 
grain. The net result is a lower grain yield due to 
lower thousand grain weight [1,8,9]. Modhej 
(2006) indicated that TGW average in post-
anthesis heat stress decreased 24% compared with 
optimum conditions [10]. 
 Wheat crops are frequently faced to nitrogen 
(N) deficiency, due to low rates of N fertilizer 
application, organic farming practices [11], or a 
disjoint between the optimal time for N 
application, peak crop N demand [12]. The N 
deficiency may continue until harvest if no extra N 
fertilizer is applied (continuous deficiency) or the 
crop may be supplied with N fertilizer for one to 
several weeks after the beginning of the deficiency 
[13]. Grain number (GN), the principal 
determinant component of grain yield [14,15], is 
reduced in crops subjected to pre-anthesis N 
deficiency [16]. The reduction in GN may result 
from decrease in the various components of grain 
set: the number of spikelets per spike, the 
frequency of spikelets bearing grains, the number 
of differentiated florets, the survival of florets and 
the frequency of grain setting by florets [17,18]. 

Some investigations indicated that N deficiency 
significantly decreased grain number per area via 
spike per area and grain per spike reduction, but 
there was no significant effects on grain weights 
[10]. Therefore, it seems that N deficiency and 
post-anthesis heat stress is going to reduce grain 
yields due to grain number and grain weight, 
respectively.  
 The objective of this study was to determine 

the effects of post-anthesis heat stress and N 
fertilization rates, on grain yield and grain growth 
of spring wheat genotypes under the subtropical 
conditions of south western parts Iran. 
 
Materials And Methods 
 
Experimental Site and Treatments: 
 
 The experiment was conducted at Ahvaz, 
south-western Iran, in two growing seasons (2007 
and 2008). The Ahvaz site is located at 20 m 
above sea level (32°20' N, 40°20' E). Wheat was 
sown on optimum (22nd Nov) or delayed (20nd 
Jan) sowing dates. Treatments of each individual 
experiment (sowing date) were arranged as a split-
plot experiment in a randomized complete block 
design with three replicates. Nitrogen rates (50, 
100 and 150 kgNha-1) were in main plots and 
wheat genotypes were in sub-plots. Plants in 
delayed sowing date experienced heat stress after 
anthesis. Six genotypes with different growth 
durations were used (Table 1).  
 

 
Table1: Characteristics of the examined wheat Genotypes 

 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 

 The N rate of 50 kgNha-1 will be referred as 
N1, 100 kg N ha-1 as N2 and that with 150 kgNha-1 
as N3. Nitrogen fertilizer was applied to wheat 
plots as ammonium nitrate. At all application rates, 
half was applied before sowing (incorporated by 
disk). The remaining N was applied as a top 
dressing at the beginning of wheat stem elongation 
corresponding to stage 31 of Zadoks scale [19]. 
Before fertilizer application, soil samples (0–30 
cm) were taken from each block and analyzed for 
major soil nutrients, soil organic matter, and soil 

pH (Table 2).The experiment site had a hot climate 
with a moderate winter and dry and hot summer.  
Mean temperature in grain filling period was 22 
and 29°C, in optimum and delayed sowings, 
respectively. 
 
Crop Management: 
 
 Normal cultural and management practices 
for fertilizers, irrigation and pest control of wheat 
plants were used. Three replication plots of 1.2 by 

Origin Growth 
 Duration 

Genotypes 

  Bread  
CIMMYT Short-season Veer/Nac 
CIMMYT Middle season Attila 
CIMMYT Long-season Star 

  Durum 
ICARDA Middle-season Show/mald 
CIMMYT Short-season D-83-8 
ICARDA Long-season D-84-5 
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3.0 m were planted for each genotype. Based on 
research genotypes, seeds were drilled in 18 cm 
rows at about 400 and 500 seeds.m-2 for bread and 
durum genotypes, respectively.  
 
Measurements: 
 
 Total dry matter, relative grain yield and, 
hence, the harvest index (HI) and yield 
components were estimated after physiological 
maturity by harvesting interior rows (the outer 
rows excluding at least 0.5 m from either end of 
the rows). 
 The harvest area was 1.2 m-2. TGW was 
estimated on a sample of 250 grains. 
 Grain yield in heat stress after anthesis was 
investigated with stress susceptibility index (SSI) 
and stress tolerance index (STI). SSI was 
calculated as equation 1.  
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 Ysi, Ypi, Ys and Yp were grain yield of each 
cultivar under stress conditions, grain yield of each 
cultivar under optimum conditions, mean of grain 
yield in all genotypes in stress and optimum 
conditions, respectively.  
STI was calculated as equation 2: 
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 Ysi, Ypi and Y2p were grain yield of each 
genotype under stress conditions, under optimum 
conditions and square of mean grain yield in all 
genotypes under optimum conditions. 
 Sampling started 6 days after anthesis with 
nine plants per subplot sampled every 5 days until 
maturity. The main stem was identified and 
spikelet numbers on a spike were counted. The 
spike was separated into three sections: the upper 
section containing about one quarter of the 
spikelets, the middle section containing about one 
half of the spikelets, and the lower section 
containing about one quarter of the spikelets. All 
the middle spikelet of the middle section were 
removed from the spike of the main stem for each 
plant. Samples were dried for 2 days at 70°C in an 
oven. Then each kernel was weighed to nearest of 
0.1 mg. A line of best fit for the linear phase of 

grain growth was determined as in earlier 
experiments [6], and the slope of this line was used 
as an estimate of the effective grain filling rate 
(EGPR). The effective grain filling period (EGFP) 
was estimated by dividing final grain weight to 
EGPR.   
 Statistical analysis was made using the SAS 
statistical program. Mixed ANOVA was used and 
differences between trait means were assessed 
using Duncan's Multiple Range Test for each 
individual environment. Stepwise was made 
between grain yield and yield components. 
Pearson correlation analysis was also conducted 
among different variables [22]. 
 
Results and Discussion  
 
Normal Sowing Date (Optimum Conditions): 
 
 Results indicated that nitrogen had significant 
effects on grain yield, spike per m-2, grain per 
spike, floret per spikelet, spikelet per spike, 
biological yield (BY) and HI in 1% probability 
level, but there was no significant effect on TGW. 
Treatments with small amounts of N fertilizer gave 
lower spike per m2 (Table2). Spike per m2 
averages was 21% lower in 50 kgNha-1 treatment 
compared with 150 kgNha-1 (optimum rate), 
respectively (Table2).  Modhej and Mojadam 
(2006) reported that the spike no. reduction was 
due to lower tiller production per plant [23]. The 
highest and the lowest spike. m-2 were in Attila 
and D-84-5 genotypes, respectively (Table2). 
 The number of spikelet per spike and fertile 
floret per spikelet also affected significantly by 
different rates of N fertilizer. Mean grain per 
spikelet, decreased by 12.5%, as N decreased from 
150 to 50 kgha-1. It seems that, N rates affected 
the survival of florets and the frequency of grain 
setting by florets [17,18]. Grain per spike 
significantly affected by N levels (Table3). N 
fertilizer reduction, lowered grain no. per spike 
approximately 17% in 50 kgNha-1 treatments 
compared to 150 kgNha-1, respectively. Grain no. 
per spike reduction was due lower spikelet per 
spike and grain per spikelet (Table2). The Hussain 
et al (2006) results were in agree with results of 
this study [24]. Also, Peltonen- Sainio and 
Peltonen (1995) indicated that the reduction in 
grain no. per spike may result from reduction in 
the various components of grain set such as the 
number of spikelets per spike, the frequency of 
spikelets bearing grains, the number of 
differentiated florets, the survival of florets and the 
frequency of grain setting by florets [17]. The 
reaction of grain no. to N treatments in long season 
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genotypes was higher than short season genotypes. 
This reaction mat occurred for two reasons: first, 
the related grain no. components such as spikelet 
per spike and floret initiation were occurred later 
in long season genotypes, when the soil may had 

lower N content due to leaching or runoff. Second, 
long season genotypes usually had higher tiller no. 
and higher N demand compared to short seasons 
and this reaction may lead to higher deficiency in 
former genotypes. 

 
Table2. Mean spike per m-2, grain per spike (G.S-1), spikelet per spike (Sp.S-1) and grain per spikelet  (G.Sp-1) for N fertilizer   
              treatments and wheat genotypes in optimum and late sowing dates (2007-2008) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ns: not significant   **: significant at 1% probability level    +: Durum genotypes   MS: Mean square    OS: Optimum Sowing       LS: 
Late Sowing 
Means in each column followed by similar letter (s) are not significantly different at 5% probability level using Duncan's Multiple 
Range Test. 

 
 Mean grain yield decreased by 26% and 
13%, respectively, as N decreased from 150 to 50 
and 100. According to positive and significant 
correlations between grain yield and spike per m2 
(r = 48%*), grain per spike (r = 60%*) and grain 
per spikelet (r = 57%*), in one hand and significant 
reduction of these traits in low N treatments in 
other hand, Mainard and Jeuffroy (2001) and 
Jeuffroy and Bouchard (1999) reported that grain 
yield reduction in low N fertilizer treatments was 
due to lower grain per unit area [13,16]. The 
highest and the lowest grain yield were Attila and 
VeeNak cultivars, respectively. Attila is a tolerant 
cultivar to warm regions such as Ahvaz conditions 
[13]. 
 BY reduced significantly as N level 
decreased. Some other investigations indicated 
that, this reduction was related to higher tiller 
death and lower leaf area duration [25]. Decrease 
in N input had a negative impact on HI, under 
optimum sowing date (Table3). The results of 
Ehdaie and Waines (2001) were in agreement with 
these results [26]. 
 Results showed that, grain growth rate 
(GGR) and effective grain filling period (EGFP) 

differences for genotypes and genotypenitrogen 
under optimum sowing period was significant in 
1% probability level. The highest and the lowest 
GGR were in Showa and Attila genotypes, 
respectively (Table4). The average of GGR for 
bread and durum wheat was 1.5 and 1.82 mg  
grain-1 day-1, respectively. Star and D-83-8 
genotypes had the highest EGFP, compared with 
other wheat genotypes. Durum genotypes had 
higher EGFP (26.6 days) than bread wheat 
genotypes (25.2 days). Late season genotypes such 
as Star had higher EGFP compared with early 
season genotypes. 
 
Late Sowing Date (Post-Anthesis Heat Stress 
Conditions): 
  
 N effect on grain yield in late sowing date 
period was similar to normal sowing date (Table2). 
According to Table 2, N treatments had no 
significant effect on TGW. It seems that grain 
number reduction in lower rates of N fertilizers 
lead to higher assimilate availability for grains and 
consequently compensate source limitation and 
TGW reduction [27, 28].  

Means Treatments 

G.Sp-1 
Sp.S-1 G.S-1 Spike.m-2 

 
LS OS LS OS LS OS LS OS 
        N (kg ha-1) 

2.2a 2.4a 13a 15a 29a 36a 405a 407a 150 
2.1ab 2.3ab 12b 14b 27b 34a 350b 351b 100 
1.9b 2.1b 12b 14b 24c 30b 318c 322b 50 

 
     

 
 MS 

        Genotypes 

1.9cd 2.1b 14a 13b 25b 30c 345bc 431a Attila 
1.8d 2.1b 13a 15a 24b 31bc 351bc 344bc Vee/Nac 
2.4a 2.5a 12b 14ab 30a 35ab 419a 349b Star 

2.0bcd 2.2ab 13a 15a 26b 34bc 329c 332bc Showa+ 

2.2ab 2.5a 13a 15a 29a 37a 328c 330c D-84-5+ 

2.1bc 2.2ab 13a 15a 27b 33abc 339bc 341bc D-83-8+ 

2.0 2.2 13 15a 26 33 357 360 MS 
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 Grain yield averages was 28% and 15% 
lower in 50 and 100 kgNha-1 treatments compared 
with 150 kgNha-1 treatments, respectively 
(Table2). According to the results of stepwise 
regression, grain per spike (R2=0.44*) and spike 
per unit area (R2=0.35*) were the first and second 
traits in GY model under late sowing season 
conditions. In post-anthesis heat stress conditions, 
the highest and the lowest GY were in Showa and 
Star cultivars, respectively (Table3). Modhej 
(2006) Reported that long season genotypes had 
lower grain yield compared to middle and short 
season genotypes under post-anthesis heat stress 
conditions [10].  In late sowing period, N 
treatments had no significant effect on HI (Table 
3). 
 Results showed that, grain growth rate 
(GGR) and effective grain filling period (EGFP) 
differences for genotypes and genotypenitrogen 

under late sowing period was significant in 1% 
probability level. The highest and the lowest GGR 
under post-anthesis heat stress conditions were in 
Showa and Attila genotypes, respectively 
(Table4).  
 D-84-5 and Star genotypes had the highest 
and the lowest EGFP, respectively. Late season 
genotypes had lower EGFP compared with short 
and middle season genotypes. Under post-anthesis 
heat stress conditions, durum wheat genotypes had 
higher average of GGR (1.7 mg grain-1 day-1) and 
EGFP (17 days) than bread (1.53 mg grain-1 day-1 
and 14 days, respectively) genotypes. Grain weight 
correlated positively and significantly with GGR 
(r=0.70**) and EGFP (r=0.50*), under late sowing 
period conditions. Therefore, under such 
conditions, genotypes with higher EGFP and GGR 
had higher grain weight.  

 
Table 3: Grain yield (GY), biological yield (BY), 1000-grain weight (TGW) and harvest index (HI) for N fertilizer treatments and  
             wheat genotypes in optimum and late sowing dates (2007-2008) 

ns: not significant   **: significant at 1% probability level    +: Durum genotypes   MS: Mean square       OS: Optimum Sowing       
LS: Late Sowing 
Means in each column followed by similar letter (s) are not significantly different at 5% probability level using Duncan's Multiple 
Range Test. 

 
Comparison Of The Two Environments: 

 

 
 The Mixed ANOVA indicated that the effect 
of environment (sowing date) grain no. per spike, 
fertile floret per spikelet, GY, 1000-grain weight 
and spikelet per spike was significant at 1% 
probability level. 
 In the late sowing treatment, an increase 
average of 7C in the average temperatures 
reduced TGW, GY, grain no. per spike and HI 
approximately 31%, 24%, 12.4% and 10% 
compared to optimum sowing date, respectively. 
GY reduction was due to significant TGW 

decreasing (Table3). According to the results of 
stepwise regression, TGW, spike per unit area and 
grain per spike were the first, second and third 
traits in GY model (R1

2= 0.54, R2
2= 0.26 and R3

2= 
0.11), based on the collected data of both 
conditions. 
 The highest and the lowest GY reduction in 
post-anthesis heat stress conditions belonged to in 
Star (long-season) and Vee/Nac (short-season) 
genotypes, respectively (Table3). The highest and 
the lowest SSI were in these two genotypes, 
respectively. Results indicated that, the highest and 

Means Treatments 

HI (%) TGW (g)BY (g. m-2) GY (g. m-2)  

LS OS LS OS LS OS LS OS  

        N (kg ha-1) 

39a 41a 27a 40a 1008a 1185a 380a 495a 150 

37a 42a 26a 37a 832b 1065b 317b 428b 100 

36a 43a 25a 37a 756c 823c 275c 361c 50 

        MS 
        Genotypes 
38b 44ab 22c 31c 748b 1049ab 374a 

466a Attila 

32c 39c 26b 32c 916a 981ab 290c 368c Vee/Nac 

42a 36d 23c 35c 854ab 1049ab 286c 410bc Star 

35bc 40bc 32a 45a 918a 1121a 330bc 460ab Showa+ 

38b 48a 27b 40b 851ab 935b 320bc 430ab D-84-5+ 

38b 44ab 29b 42ab 920a 950ab 347ab 442ab D-83-8+ 

38 42 26 38 828 1023 326 428 MS 



2575 
  Adv. Environ. Biol., 5(9): 2570-2578, 2011 

 

the lowest STI belonged to star and Vee/Nac 
genotypes, respectively (Table5). Modhej and 
Behdarvandi (2006) reported that, genotypes with 
high GY in optimum and post-anthesis heat stress 
conditions [1], had higher STI compared to other 
genotypes. They also suggested that, the problem 
with using SSI as a measure of adaptation to the 
stress is that there are cases where SSI has been 

positively correlated with grain yield reduction in 
that genotypes whose yield was affected little by 
the stress also had very low yield potential. This 
means that the genotypes with low SSI also may 
have had low stress resistance yield and would not 
be useful for farmers. Generally, post-anthesis heat 
stress reduced GY, 32% and 34% in durum and 
bread wheat genotypes, respectively. 

Table 4: Mean effective grain growth duration (EGFD) and grain growth rate (GGR) for N fertilizer treatments and wheat genotypes  
               in optimum and late sowing date.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ns: not significant   **: significant at 1% probability level    +: Durum genotypes   MS: Mean square       OS: Optimum Sowing       
LS: Late Sowing 
Means in each column followed by similar letter (s) are not significantly different at 5% probability level using Duncan's Multiple 
Range Test. 

 
 Evaluating Environment×N interaction for 
GY, BY and HI in both conditions indicated that 
the slope of BY reduction due to N fertilizer 
reduction was higher in optimum sowing season 
compared to heat stress conditions, while the GY 
had same changes under both conditions, 
comparatively. 
 Later-sown bread and durum wheat 
genotypes developed less extensive root systems 
and may be more vulnerable to drought and heat 
[26]. Less extensive root system in delayed sowing 
may also lead to smaller N absorption and lower 
agronomic N efficiency. Indeed, increasing or 
decreasing of N fertilizer may had lower effects on 
BY in late sowing compared with optimum 
conditions. Grain filling period average was 
27 and 16 days under optimum and post-anthesis 

heat stress conditions, respectively. Some 
investigations indicated that, unlike to EGFP, 
GGR is highly related to genotype than 
environmental conditions [10]. Therefore, it seems 
that, with 7°C rise in post-anthesis temperature in 
our investigation, the significant decrease in EGFP  
leaded to significant reduction in final grain 
weight (Table3). High temperature during grain 
filling period, enhanced EGFR (15%) and reduced 
TGW (31%) and EGFP (40%). Therefore, 
although the rate of assimilate accumulation 
increased under stress conditions, but this 
enhancement can not compensate EGFP reduction 
and the result was 31% reduction in TGW.  
 
 
 
 
 

 

EGFR 
 (mg. grain-1 day-1) 

EGFP 
 (days) 

Treatments 

LS OS LS OS 
 

    N (kg ha-1) 

1.42a 1.70a 15a 26a 150 

1.48a 1.65a 15a 26a 100 

1.50a 1.65a 16a 26a 50 

0.21ns 0.098ns 4.22ns 0.66ns MS 

    Genotypes 

1.41d 1.40d 14d 26b Attila 

1.85a 2.00a 17b 26b Vee/Nac 

1.66b 1.75b 18a 26b Star 

1.50c 1.71b 17b 28a Showa+ 

1.50c 1.50c 15c 26b D-84-5+ 

1.70b 1.59c 13d 28a D-83-8+ 

0.44** 0.85** 29.68** 3.6** MS 



2576 
  Adv. Environ. Biol., 5(9): 2570-2578, 2011 

 

 
Table5. STI and SSI for grain yield and GY reduction in heat stress conditions (GYR) compared with optimum conditions 
 

 
 
SSI: Stress Susceptibility Index 
STI: Stress Tolerance Index 
+: Durum Genotypes 

 

Conclusions:  
 
 Nitrogen fertilizer play an important  role on 
plant growth [29-37] , In general our results 
indicated that the grain yield reduction in nitrogen 
deficient treatments and post-anthesis heat stress 
was due to significant reduction in grain.m-2 and 
TGW, respectively. The highest and the lowest 
stress susceptibility index for grain yield was in 
Stare and D-83-8 genotypes, respectively. 
Genotypes that headed late such as Star and D-84-
5, in general, had higher TGW, EGFP and GY 
reduction than cultivars that headed earlier under 
post-anthesis heat stress conditions. 
 Although the grain weight reduction was 
associated with a shorter duration of grain 
development, the failure to obtain any 
compensating increase in the rate of dry matter 
accumulation, was also considered important. In 
nitrogen deficiency treatments grain number per 
unit area is reduced due to reduction in the number 
of spikes, the number of spikes per spikelet and the 
number of fertile florets per spikelet. Further 
researches are recommended for full understanding 
of the effects of heat stress and N deficiency on 
yield and yield components of recommended 
wheat genotypes under agroclimatic conditions 
such as southern Iran with sub-tropical climate. 
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