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 Terminal heat stress is one of the most important limiting factors affecting bread and 

durum wheat genotypes in south-west of Iran. To investigate the relationships among 
grain yield stability, yield components and phonological traits under terminal heat stress 

conditions, this research was conducted in two separate experiments with 15 spring 

wheat genotypes in two cropping seasons (2010-11 and 2011-12). In first experiment, 
genotypes were sown at optimum planting date (Early-December) as control, while for 

heat-stressed experiment planting date was delayed (Late-January). Both experiments 

were conducted using randomized complete block design with three replications. 
Results showed that, terminal heat stress decreased days to flowering (26%), days to 

physiological maturity (24%), grain filling rate (8%), grain filling duration (17%), spike 

number per square meter (15%), grain number per spike (14%), thousand grain weight 
(24%), biological yield (32%) and grain yield (41%), but had not significant effect on 

harvest index. Grain yield stability index under terminal heat stress was correlated 

negatively with days to flowering (r= -0.80**) and physiological maturity (r= -0.76**), 
while positively (r= 0.70**) correlated with grain filling period. Therefore, under 

terminal heat stress conditions, earliness or more specifically shorter duration from 

planting to flowering and longer grain filling period were identified as important traits 
related with adaptation to heat stress. 
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INTRODUCTION 

 

 Heat stress after flowering (terminal heat stress) is one of the most important limiting factor affecting 

growth and production of spring wheat in south west of Iran. Modhej et al. [19] reported that optimum 

temperature for grain filling period was 15-18 °C. They also reported grain yield of wheat genotypes decreased 

through declining of grain weight, when temperatures raised above 30°C in grain filling period. Reynolds et al. 

[27] reported high temperatures reduced crop yield through effect on physiological, biochemical and molecular 

processes. Sensitivity to temperatures above the optimum depends on intensity, duration and time of stress 

occurrence, and growth stage of plants. The most important factors associated with yield decrease under heat 

stress conditions are: increased sterility, decreased growth duration, declined light interception and effects on 

photosynthesis, transpiration and respiration [27]. The most obvious effect of high temperatures on wheat 

growth was accelerating plant development and consequently reduction of plant size [15,32]. Other effects of 

heat stress on wheat are: respiration increase [5], photosynthesis decrease [1,26], inhibition of starch synthesis in 

developing kernels [14], declining spike number per plant, grain number per spike and grain weight [37] and 

acceleration of senescence [1]. Wardlaw et al. [36] reported that grain weight reduced as a result of grain filling 

period reduction. Reynolds et al. [25] reported that wheat genotypes with grain weight stability under heat-

stressed conditions perhaps had high level of heat tolerance. They also reported that other physiological traits 

related to yield under high temperature conditions include: biomass at maturity, grain number per m
2
, days to 

anthesis and maturity. 

 Under the warm and semi-arid climatic conditions in south-west Iran, wheat planting date is delayed as a 

result of corn-wheat follow in the region, and the crops exposed to high temperatures in the end of season. So, 

introducing heat tolerant wheat genotypes has specific importance to stabilizing wheat production. 

Understanding relationships between traits and grain yield stability under heat-stressed conditions can be used 
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as efficient tools in breeding programs and identifying ide types of the crop for the target environments. On the 

other hand determination of traits contributing to different abiotic stress tolerance mechanisms is a shortcut to 

select genotypes for stressed conditions, and then releasing them for the target environments. The objective of 

this research was to study some phonological traits and yield components and determination of their 

relationships with grain yield stability of spring wheat genotypes under terminal heat stress conditions.          

 

MATERIALS AND METHODS 

 

 This research was conducted in two separate experiments with 15 spring wheat genotypes (Table 1) in two 

cropping seasons (2010-11 and 2011-12), under the warm and semi-arid climate conditions in south west of Iran 

(32° 22' N, 48° 07' E). In first experiment, genotypes were sown at optimum planting date (early December) as 

control; while for heat-stressed experiment planting date was delayed (late January) to exposure of plant growth 

stages to high temperatures. Both experiments were conducted using randomized complete block design with 

three replications. The soil was loamy with very low organic matter (less than 1%) and pH of 7.6. The climate is 

defined as sub-tropical/semi-arid with a mild winter and dry and hot summer. Seedbed preparation included 

moldboard plough followed by disking and land leveling. Prior to planting, experimental field was fertilized 

with 120 kg P2O5 ha
-1

 and 100 kg K2O ha
-1

 in the form of super phosphate and potassium sulfate, respectively. 

150 kg N ha
-1

 was applied as urea (46%N) in two splits; half before sowing, and the remaining half of N 

fertilizer was applied as top dressing at the beginning of the stem elongation corresponding to stage 31 of 

Zadoks scale. Plants were sown in plots 5 m long and 1.2 m wide consisting of eight rows with 15 cm row 

spacing. The amount of seed per unit area based on research recommendations for bread wheat genotypes and 

durum wheat genotypes were considered 400 and 500 seeds per square meter, respectively. In control and heat-

stressed experiments irrigations were applied as furrow irrigation, and weed control were applied based on 

research recommendation for the region. 

 Days to flowering (DTF) and physiological maturity (DTM) were measured from emergence date to when 

50% of the spikes appearance, and total loss of green color, respectively. To assess grain filling duration (GFP) 

and grain filling rate (GFR), days from anthesis to physiological maturity were recorded as GFP and grain 

filling rate (GFR) was calculated by dividing final grain weight to GFP. 1000 grains were separated and then 

weighed as thousand grain weight (TGW). Biological yield (BY) and grain yield (GY) were measured by hand-

harvesting a bordered area of 1.4 m
2
. To estimate harvest index (HI) a random subsample of 100 spike-bearing 

culms was removed from each plot, dried, weighed, and threshed, and HI was estimated by the ratio of the grain 

weight to biomass of the subsample [29]. Spike number per m
2
 (SNPM) was recorded by counting a bordered 

area of 1 m
2
 three times in each plot and the average was recorded. Grain number per spike (GNPS) was 

recorded by selecting 10 random spikes in each plot, and the average was recorded. Yield stability index (YS) 

was calculated by following equation [10]. 

 YS= Ys/Yp 

 Where, Ys and Yp were grain yield in stressed and non-stressed conditions, respectively. 

 Data was analyzed using SPSS18.0 for correlation analysis between traits, and SAS 9 for combined analysis 

of variance. Differences between traits means were assessed by using LSD test (p≤0.05). 

 

RESULTS AND DISCUSSION 

 

Phenological traits: 

 Combined analysis of variance showed that, year had significant effect on days to flowering, but it did not 

significantly affected days to physiological maturity. Environments significantly affected days to flowering and 

physiological maturity. Genotype × year and genotype × environment interaction effects were significant on 

days to flowering and physiological maturity (Table 3). Star and BAJ cultivars had the longest and the shortest 

DTF and DTM under control and terminal heat stress conditions, respectively (Table 5). Days to flowering and 

physiological maturity decreased by 26 and 24 percent under heat-stressed conditions compared to optimum 

conditions, respectively (Table 4). Results showed that crop life cycle duration was shortened under terminal 

heat stress conditions, as results of the effect of high temperatures on plant growth acceleration. Thus, plant 

growth duration reduction can be one of the most important limiting factors affecting grain yield under heat 

stress conditions. On the other hand, short crop life cycle duration maybe contributed to grain yield stability 

under heat stress conditions. In this study genotypes such as Zagros, Vee/Nac, Dena and BAJ, which had the 

shortest DTF and DTM, showed the highest grain yield stability under terminal heat stress conditions compared 

to other genotypes were studied (Table 7), because these genotypes were less exposed to high temperatures. 

This finding was in agreement with results of Reynolds et al. [28], van Ginkel et al. [34] and Blum [8]. 

Reynolds et al. [28] reported that, it is possible the severe effects of terminal heat stress conditions were 

reduced, due to earlier reach to anthesis stage or early maturity by plants. van Ginkel et al [34] and Blum [8] 

reported that early maturity genotypes were less exposed to stress conditions in the end of growing season. 
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Reynolds et al. [27] suggested that one of the most important wheat breeding strategies could be changes in its 

phenological pattern, which allows crop was finished its life cycle before the occurrence of stress conditions in 

the end of growing season. 

 

Grain filling rate and duration: 

 Combined analysis of variance showed that genotype, year and environments had significant effect on grain 

filling rate and grain filling duration. Genotype × year and genotype × environment interaction effects were also 

significant on grain filling rate and grain filling duration (Table 3). In control and terminal heat stress 

conditions, Behrang cultivar had the highest GFR, while in control Aflak cultivar had the lowest GFR, and 

under heat-stressed conditions Vee/Nac and Pishtaz cultivars had the lowest GFR (Table 5). In control, Aflak 

and Chamran cultivars had the highest and lowest GFP, respectively; while under terminal heat stress conditions 

Pishtaz cultivar had the highest GFP and Chamran cultivar and line S-78-11 had the lowest GFP (Table 5). 

Results showed that under terminal heat stress conditions, grain filling duration and grain filling rate decreased 

by 17% and 8%, respectively compared to optimum conditions (Table 4). Therefore, it is expected that reduction 

of both components of grain growth had significant effect on grain yield reduction in this condition. Sofield et 

al. [33] reported that under stressed-conditions increase in grain filling rate depended on the effect of stress on 

grain number per spike. They noted that, when number of grains per spike is less affected by stress, the rate of 

grain filling decreased. Despite of significant difference of grain number per spike between stressed and non-

stressed conditions, grain filling rate decreased under terminal heat stress conditions (Table 4), mainly due to 

reduction of resources allocated to developing grains, as photosynthetic capacity reduced under stressed 

conditions. Modhej and Fathi [18] pointed out that heat stress from anthesis until physiological maturity stages 

caused reduction of assimilates translocation to grains. Shannon [31], Panozzo and Eagles [22] and Viswanathan 

and Khana-Chopra reported that; grain filling rate and duration in wheat genotypes differing in grain weight 

stability decreased by heat stress. Some researchers have reported that under stressed-conditions, grain filling 

duration reduced, while the rate of grain filling increased [11,38]. Modhej concluded that final grain weight was 

controlled by grain filling rate and duration. Heat stress in grain filling period reduced the duration of this stage 

and final grain weight. 

 

Grain yield components: 

 Combined analysis of variance showed that effect of year and environments on spike number per m
2
 

(SNPM), grain number per spike (GNPS) and thousand grain weight (TGW) were significant, and genotype × 

year and genotype × environment interaction effects for these traits were also significant (Table 3).  

 In control and heat-stressed conditions, Karkheh cultivar had the lowest SNPM, while Star and Pishtaz 

cultivars had the highest SNPM in control and terminal heat stress conditions, respectively (Table 6). Under 

heat-stressed condition, SNPM decreased by 14% compared to control (Table 4). This finding corresponded to 

the results of Ayeneh et al. [3] and Warrington et al. [37]. Modhej and Fathi [18] noted that high temperatures 

decreased number of leaves and fertile tillers at vegetative growth and tillering stages. In delayed planting 

conditions, all growth stages were exposed to high temperatures. 

 In control and heat-stressed conditions, line 514 and Chenab 70 had the highest GNPS, respectively, while 

Behrang and Dena cultivars had the lowest GNPS in both environments (Table 6). Grain number per spike 

significantly declined under terminal heat stress conditions. The average reduction of GNPS under heat-stressed 

conditions compared with control was 14% (Table 14). This result corresponded to the findings of Warrington et 

al. [37] and Ayeneh et al. [3], who reported GNPS was decreased under heat-stressed conditions. Modhej and 

Fathi [18] reported the most sensitive stage of wheat to heat stress was the period between double ridge stage 

and anthesis. In this period, the potential of GNPS as the most important component of grain yield is 

determined. 

 The average reduction in TGW under terminal heat stress conditions compared to optimum conditions was 

24% (Table 4). Line 514 and cv. Pishtaz with 12% and 30% TGW reduction showed the lowest and highest 

reduction in TGW under terminal heat stress condition (Table 6). These finding showed that high temperatures 

after flowering and particularly during grain filling period, reduced grain weight and consequently grain yield. 

Grain weight is one of the most important components of grain yield, and it is affected by genetic characteristics 

of plants such as potential of production of grain number per spike, grains competition as the main sinks, 

duration of grain filling period, and environmental conditions before and after anthesis and their interactions 

[31,6]. Wardlow et al. [36] also reported the main effect of high temperatures during grain filling period was on 

reduction of grain weight. Guendouz and Maamari [13] have stated that grain filling is one of the most 

important determinants of grain yield in cereals.  
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Biological yield, grain yield and harvest index: 

 Combined analysis of variance showed that effect of year on biological yield and harvest index was 

significant, but it had not significant effect on grain yield. Also effect of environments on biological and grain 

yield was significant, but environment did not significantly affected harvest index. Genotype × year and 

genotype × environment interaction effects for these traits were significant (Table 3). 

 Biological yield decreased by 32% under heat-stressed conditions as compared to control (Table 4). 

Genotypes significantly differed for biological yield. BAJ and Koohdasht cultivars had the lowest and highest 

reduction in BY, respectively (Table 7). Biological yield reduced under heat stress conditions, due to effect of 

heat stress on plant growth stages, acceleration of plant development and consequently reduction of plant size 

[15,32]. BY reduction under heat-stressed conditions corresponded to the finding of Modhej and Fathi [18], 

Blum [7], Fischer [12], and Midmore et al. [15]. 

 Grain yield was significantly different among wheat genotypes (Table 1). Under heat stress conditions grain 

yield was significantly lower than in control (322 g.m
2
 vs. 542 g.m

2
). Average reduction in grain yield under 

heat-stressed conditions compared to control was 41% (Table 4). Cv. Zagros, Dena, BAJ and Vee/Nac had the 

lowest grain yield loss under heat stress condition (Table 7). The main reasons of grain yield loss under heat 

stress conditions were reduction of grain filling duration (17%), grain filling rate (8%), grains weight (24%), 

SNPM (14%) and GNPS (14%). Bahar and Yildirim [4] reported that GNPS was more important than grain 

weight at high latitudes, while grain weight was the main determinant of final yield in Mediterranean region. 

Porter and Gawith [23] noted that under environmental stress such as high temperatures after anthesis, grain 

yield decreased as a result of reduction of grain weight. Wardlaw et al. [36] reported that grain weight decreased 

by 4-8%, when air temperature increased 1°C above the optimum. Modhej et al. (2011) reported that, under heat 

stress conditions the average grain yield and TGW reduced by 33% and 43%, respectively.  

 There was no significant difference of harvest index in two conditions (Table 7), perhaps due to significant 

effect of experimental conditions on both biological and grain yield, therefore, harvest index, which is the ratio 

of these traits, didn't change significantly. 

 

Traits related to terminal heat stress tolerance: 

 Under heat-stressed conditions, grain yield stability index (YS) negatively correlated with days to flowering 

(r= -0.80**) and days to physiological maturity (r= -0.76**), and YS positively correlated with GFP (r= 

0.70**). Furthermore results showed that DTF correlated negatively with GFP (r= -0.69**) (Table 8). 

Therefore, genotypes with shorter DTF had longer GFP (Figure 1). Results showed that early maturity 

genotypes such as Zagros, Dena, BAJ and Vee/Nac, which had longer GFP, showed higher YS under heat-

stressed conditions. The main characteristic of these genotypes was early maturity, or more specifically shorter 

DTF, hence longer GFP compared to the other genotypes. This finding showed that under terminal heat stress 

conditions, assimilates synthesis and storage maybe proceeded in more favorable conditions in such genotypes 

reached to flowering stage earlier compared to other genotypes were studied, as a result of more appropriate 

temperature conditions. So these assimilates remobilized to developing kernels, when crops exposed to high 

temperatures at grain filling period and declined adverse effects of high temperatures on current photosynthesis. 

Reynolds et al. [29] reported that under drought and heat stress conditions, stem soluble carbohydrates and 

biomass at anthesis stage had more effects on harvest index, and both of them associated with grain yield. Some 

researchers reported that, when drought or heat stress occurs during grain filling period, high levels of stem 

soluble carbohydrates supplies an additional source of assimilates to developing grains [9,2,21].  

 Other distinctive traits of genotypes with higher grain yield stability under terminal heat stress conditions 

were: harvest index (Zagros, BAJ and Vee/Nac), thousand grain weight (Zagros, Dena and BAJ), and number of 

spikes per m
2
 (Zagros and Vee/Nac), number of grains per spike (Dena and Vee/Nac), and biological yield 

(Dena and BAJ). Therefore, these traits were evaluated as adaptive traits for terminal heat stress tolerance. 

Reynolds and Thretowan [29] reported that harvest index was one of the main components of yield under heat 

stress conditions. Warrington et al. [37] reported that heat stress decreased spike number per unit area, grain 

number per spike and grain weight. Thus, genotypes which had less reduction of grain yield components under 

heat stress conditions would be better adapted to this condition. Reynolds et al. [25] reported that wheat 

genotypes with grain weight stability under heat-stressed conditions perhaps had high level of heat tolerance. 

They also reported that other physiological traits related to yield under high temperature conditions include: 

biomass at maturity, grain number per m
2
, days to anthesis and maturity. 

 Results showed that grain yield had significant and positive correlation with SNPM, GNPS and BY (Table 

8). This finding corresponded with results of Moayedi et al. [16], Ayeneh et al. [3], Reynolds et al. [25] and 

Rawson [24]. Furthermore, grain yield had significant and negative correlation with DTF and DTM (Table 8). 

This result corresponded to the results of Guendouz and Maamari [13]. Van Ginkel et al [34] and Blum [8] 

reported that early maturity genotypes were less exposed to stressful conditions in the end of growing season, so 

these genotypes more suitable for these conditions. 
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Table 1: Spring wheat genotypes and their origin. 

Genotype Type Origin 

Zagros Bread wheat CIMMYT 

Koohdasht Bread wheat CIMMYT 

Pishtaz Bread wheat Iran 

Chenab 70 Bread wheat Pakistan 

Star Bread wheat CIMMYT 

S-78-11 Bread wheat Iran 

Chamran Bread wheat CIMMYT 

Vee/Nac Bread wheat CIMMYT 

S-80-18 (HD160/5/Tob/ Cno / 23854 /3/ Nai60// Tit/ 

Son64 /4/ LR/ Son64) Aflak 

Bread wheat CIMMYT 

S-83-3 (Atilla50//Attila/Bacanora) Chamran 2 Bread wheat Iran 

BAZ 
(WAXWING/4/SNI/TRAP#1/3/KAUZ*2/TRAP//KAUZ) 

Bread wheat CIMMYT 

2ndEBWYT-514 (Oasis/SKauz//4*Bcn/3/2*Pastor) Bread wheat CIMMYT 

Behrang Durum wheat CIMMYT 

Dena Durum wheat CIMMYT 

Karkheh Durum wheat ICARDA 

 

Table 2: Environmental conditions. 

Precipitation 

(mm) 

Relative Humidity 

(%) 

Temperature (°C) Month 

Mean Min. Max. 

2011-12 2010-
11 

2011-12 2010-11 2011-12 2010-11 2011-12 2010-11 2011-12 2010-11 

0.4 9.9 60 53 12.9 16.3 5.1 8.1 20.7 24.5 December 

2.7 55.6 63 72 13.1 12.8 6.7 7.1 19.5 18.4 January 

28.5 103 60 73 12.1 12.3 6 7.4 18.2 17.2 February 

43.1 47 53 63 14 16.6 7.5 10.2 20.5 23 March 

17.5 2.1 52 51 21.4 21.8 13.8 13.6 29 29.9 April 

2 13.3 39 45 28.8 28.4 20 20.7 37.5 36.2 May 

0 0 31 30 33.8 33.9 23.8 23.4 43.8 44.3 June 

 
Table 3: Combined analysis of variance for phenological and agronomic traits in two experimental environments. 

S. O. V. df MS 

DTF DTM GFR GFP SNPM GNPS TGW HI BY GY 

Year (Y) 1 226.7** 5ns 0.3* 211.3** 179993.7** 728* 1212.1** 15125** 41881003.5** 13056.1ns 

Environment € 1 33943.2** 38427.2** 0.3* 1110.0** 1293369.8** 196.4* 3308.4** 3.2ns 7749710** 1312598** 

Y × E 1 299** 264** 0.1ns 12.3ns 17287.2** 1065.8** 162.6* 3311** 2461446.7ns 279661.3** 

Replication(Y 

× E) 

8 13.8 9.1 0.04 8.1 1512.1 76.2 16.1 224.3 662916 24726.2 

Genotype (G) 14 106.1** 90.7** 0.3** 30** 12721.1** 167.7** 145.1** 32.2ns 400231.6** 44859.5** 

Y × G 14 3.7* 7.7** 0.1** 6.8** 5413.2** 58.6** 28.9** 53.1* 220373** 24351.9** 

E × G 14 14** 12.2** 0.02* 6* 4488.4** 23.2* 14.8** 80.9** 75123.1* 18620.1** 

Y × E × G 14 4.9** 5.3* 0.1** 9.4** 6540.5** 27.7** 7.8** 65.8** 310923.5** 38215.1** 

Error 112 1.9 2.7 0.01 2.9 1833.3 11.1 2.9 26.8 41151.5 3148.8 

CV% - 1.8 1.6 8.7 6.5 10.1 7.5 5.2 13.3 15.4 12.1 

** And *: significant at the 1% and 5% levels, respectively, and ns: non-significant 
DTF: Days to flowering, DTM: Days to maturity, GFR: Grain filling rate, GFP: Grain filling duration, SNPM: Spike number per m2, GNPS: 

Grain number per spike, TGW: 1000 grain weight, HI: Harvest index, BY: Biological yield, GY: Grain yield. 

 
Table 4- Average comparison of traits in two experimental environments 

Environment DTF DTM GFR GFP SNPM GNPS TGW HI BY GY 

Control 87 a 120 a 1.3 a 29 a 508 a 35 a 37 a 33 a 1640 a 542 a 

Terminal heat 
stress 

64 b 91 b 1.2 b 24 b 435 b 30 b 28 b 29 a 1109 b 322 b 

Reduction percent 26 24 8 17 14 14 24 12 32 41 

 Means in each column with different letters are significantly different at the 5% probability level according to Duncan's Multiple Range 

Test 
DTF: Days to flowering, DTM: Days to maturity, GFR: Grain filling rate, GFP: Grain filling duration, SNPM: Spike number per m2, GNPS: 

Grain number per spike, TGW: 1000 grain weight, HI: Harvest index, BY: Biological yield, GY: Grain yield. 

 

Table 5: Means of comparison of phenological traits in wheat genotypes in two experimental environments. 

Genotype DTF (day) DTM (day) GFR (mg.day-1) GFP (day) 

C HS C HS C HS C HS 

Line 514 88 64 118 89 1.3 1.3 28 23 

BAJ 82 59 116 86 1.3 1.2 30 25 

Aflak 86 63 120 91 1.1 1.1 31 24 

Chamran 88 64 118 89 1.4 1.4 25 21 

Zagros 86 61 117 88 1.3 1.2 28 25 

Behrang 84 66 118 93 1.6 1.5 29 22 

Kouhdasht 85 63 119 90 1.1 1.1 31 25 

Karkheh 87 67 119 94 1.7 1.5 27 23 

Chamran2 90 68 122 92 1.2 1.2 28 22 

S-78-11 91 66 124 92 1.3 1.2 27 21 
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Dena 86 61 121 88 1.3 1.3 30 25 

Vee/Nac 85 61 117 88 1.2 1 29 25 

Star 95 71 128 97 1.2 1.2 28 22 

Chenab 70 87 63 120 90 1.2 1.2 28 24 

Pishtaz 90 64 122 93 1.3 1 29 26 

Average 87 64 120 91 1.3 1.2 29 24 

LSD5% 1 2 2 2 0.1 0.1 2 2 

C= control, HS= heat stress, DTF= days to flowering, DTM= days to physiological maturity, GFR= grain filling rate, GFP= grain filling 

duration 
 

Table 6: Means of grain yield components of wheat genotypes in two experimental environments. 

Genotype SNPM GNPS TGW (g) 

C HS C HS C HS TGW 
reduction% 

Line 514 495 448 43 32 34 30 12 

BAJ 523 449 32 30 39 28 28 

Aflak 531 458 35 30 34 26 24 

Chamran 523 468 39 32 34 28 18 

Zagros 512 469 32 28 37 29 22 

Behrang 493 372 28 25 45 33 27 

Kouhdasht 533 427 30 26 36 28 22 

Karkheh 407 363 31 28 47 34 28 

Chamran2 534 423 34 30 33 25 24 

S-78-11 488 426 39 34 35 25 29 

Dena 566 393 28 25 40 32 20 

Vee/Nac 498 471 37 33 34 25 26 

Star 567 469 38 32 34 26 24 

Chenab 70 455 410 40 35 34 27 21 

Pishtaz 492 479 35 30 37 26 30 

Average 508 435 35 30 37 28 24 

LSD5% 59 38 4 3 2 1  

C= control, HS= heat stress, SNPM= spike number per m2, GNPS= grain number per spike, TGW= thousand grain weight 

 
Table 7: Means of biological yield, grain yield and harvest index of wheat genotypes in two experimental environments. 

Genotypes BY (g.m2) GY (g.m2) HI (%) 

C HS BY 

reduction% 

C HS GY 

reduction% 

YS C HS 

Line 514 1968 1423 28 635 362 43 0.57 32 25 

BAJ 1516 1200 21 550 365 34 0.66 36 30 

Aflak 1762 1328 25 549 320 42 0.58 31 24 

Chamran 1592 1038 35 596 324 36 0.54 37 31 

Zagros 1594 1061 33 519 368 29 0.71 33 35 

Behrang 1410 1011 28 501 287 43 0.57 36 28 

Kouhdasht 1763 930 47 485 295 39 0.61 28 32 

Karkheh 1733 1001 42 497 264 47 0.53 29 26 

Chamran2 1326 956 28 507 298 41 0.59 38 31 

S-78-11 1722 1152 33 583 315 46 0.54 34 27 

Dena 1499 1163 22 446 305 32 0.68 30 26 

Vee/Nac 1553 1060 32 541 352 35 0.65 35 33 

Star 1762 1139 35 634 333 47 0.53 36 29 

Chenab 70 1797 1158 36 547 325 41 0.59 30 28 

Pishtaz 1600 1020 36 546 315 42 0.58 34 31 

Average 1640 1109 32 542 322 41 0.60 33 29 

LSD5% 291 159  64 66   8 3 

C= control, HS= heat stress, BY= biological yield, GY= grain yield, YS: Yield stability index, HI= harvest index 
 

Table 8: Correlation between phenological traits and grain yield components with grain yield stability index under terminal heat stress  

Environment. 

Traits DTF DTM SNPM GNPS TGW GFP GFR HI BY GY 

DTM 0.92**          

SNPM -0.19ns -0.19ns         

GNPS 0.13ns 0.02ns 0.46ns        

TGW -0.06ns -0.02ns -0.70** -0.66**       

GFP -0.69** -0.45ns 0.22ns -0.28ns -0.00ns      

GFR 0.37ns 0.26ns -0.72** -0.37ns -0.80** -0.58*     

HI -0.21ns -0.25ns 0.45ns -0.01ns -0.32ns 0.26ns -0.33ns    

BY -0.21ns -0.24ns 0.21ns 0.35ns -0.04ns 0.00ns -0.15ns -0.63*   

GY -0.48ns -0.55* 0.72** 0.43ns -0.37ns 0.27ns -0.51ns 0.33ns 0.53*  

YS -0.80** -0.76** 0.14ns -0.34ns 0.06ns 0.70** -0.38ns 0.42ns 0.01ns 0.47ns 

** and *: significant at the 1% and 5% levels, respectively, and ns: non-significant 
DTF: Days to flowering, DTM: Days to maturity, GFR: Grain filling rate, GFP: Grain filling duration, SNPM: Spike number per m2, GNPS: 

Grain number per spike, TGW: 1000 grain weight, HI: Harvest index, BY: Biological yield, GY: Grain yield, YS: Yield stability index. 
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Fig. 1: Mean comparison of days to flowering (DTF) and days to physiological maturity (DTM) of wheat  

genotypes under terminal heat stress environment. 

 

 DTF: Days to flowering, DTM: Days to maturity, GFR: Grain filling rate, GFP: Grain filling duration, 

SNPM: Spike number per m
2
, GNPS: Grain number per spike, TGW: 1000 grain weight, HI: Harvest index, 

BY: Biological yield, GY: Grain yield. 

 

Conclusion: 

 Findings of this research showed that under terminal heat stress conditions, crop life duration, grain yield 

components, and biological yield were decreased and consequently grain yield was reduced. Wheat genotypes 

showed different behaviors under terminal heat stress conditions, and some of them had adaptive traits to heat-

stressed conditions. Results showed that under terminal heat stress conditions, early maturity or more 

specifically shorter DTF and longer GFP (such as Zagros, Dena, BAJ and Vee/Nac) was identified as the most 

important traits for adaptation to terminal heat stress conditions. In addition some other traits were also 

associated with heat tolerance, for example: BY (Dena and BAJ), HI (Zagros, BAJ and Vee/Nac), TGW 

(Zagros, Dena and BAJ), SNPM (Zagros and Vee/Nac) and GNPS (Dena and Vee/Nac). 
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