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 A field experiment was carried out in a split plot arrangement based on randomized 

complete block design with three replications in 2010-2011 at the Shavoor Agricultural 
Research Station in Khuzestan, IRAN. The main plots were assigned to three sowing 

date (SD1= 5 May, SD2= 25 May, and SD3= 14 June), and seven rice cultivars (N22, 

Hoveizeh, Hamar, Gerdeh, Danial, Champa and Anbori) were randomized in sub plots. 
Sowing dates and cultivars had significant effects on Nitrogen concentration, nitrogen 

mobilization (NM), nitrogen mobilization efficiency (NME), chlorophyll content (Chl) 

and CMTS of flag leaf and grain yield. The highest and lowest nitrogen concentration, 
Chl and CMTS were observed in SD3 and SD1, respectively. Cv. Hoveizeh and N22 

had the highest NM and chlorophyll loss rate. It was found that the highest rate of 

CMTS and NME is related to N22, Hoveizeh cultivars. The greatest nitrogen and Chl 
were obtained in cv. Champa. The lowest rate of NM, NME and CMTS was for the 

Anbori cultivar. The SD2 had the highest grain production of 5737.1 kg/ha and 

demonstrated a significant difference compared to the SD1. Cv. Hoveizeh, with grain 
yield of 5606.3 kg/ha, was the superior cultivar.  
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INTRODUCTION 
 

 Rice (Oryza sativa L.) is produced in at least 95 countries across the globe and provides a staple food for 

more than half of the world’s current population [1]. It is predicted that by the end of 21st century, the earth’s 

climate will be warmer by an average of 2–4 °C [2] due to anthropogenic and natural factors [3]. Although rice 

has been used as a model plant for many years, it’s growth responses to high temperature are still poorly 

understood [4]. Researchers used different sowing dates to check contrasting temperature regimes in various 

summer crops including rice [5, 6, 7]. Generally, reproductive development stage in rice plant is known to be 

more sensitive to heat stress [8]. Rice cv. N22 is known to be tolerant of both water deficit [9] and heat stress 

[10, 11, 12] at flowering stage.  

 At higher temperatures, the intensity of light is also very high. Therefore, high light intensity, as a function 

of high temperature, affects mineral nutrients uptake in plants and negatively affects plant growth [13].  

 The impact of temperature stress is a complex function of intensity, duration, and rate of temperature 

change [14]. Cao et al. [15] found that high temperatures during vegetative and early grain filling phases 

reduces photosynthetic rate of flag leaf in different rice's genotypes [16]. Photosynthesis is one of the most 

susceptible processes to heat stress among the physiological processes in plants. Restrepo-Diaz et al. [17] 

reported that the relative high yield in heat-tolerant genotypes of rice is associated with high levels of 

photosynthesis rate in leaves.  

 High night temperature (HNT) does not affect leaf photosynthetic rates; however, it was found that it has 

profound effects on chlorophyll content, leaf nitrogen content, percent pollen germination and spikelet fertility 

[18]. Leaf chlorophyll content can be used as a nitrogen status indicator because this is an essential element in 

photosynthetic protein synthesis [19]. It is also illustrated that high temperature enhances chlorophyllase activity 
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and decreases the quantities of photosynthetic pigments [20]. The loss of chlorophyll is a good indicator of heat-

tolerance in wheat plant [21]. Exposure to extremely high temperature can decrease chlorophyll content, net 

photosynthetic rate, and stomatal conductance [22]. Lee and yang [23] observed a linear relationship between 

the leaf chlorophyll and nitrogen.  

 Tang and Zheng [24] showed that chlorophyll content in rice flag leaves were significantly lower by high 

temperature stress. They suggested that high temperature accelerates the senescence of rice leaf and decreases 

the photosynthesis rate during the grain filling period. This is the main reason in physiology that has resulted in 

decrease of grain filling rate, seed setting rate, grain weight and yield. Agarie et al. [25] indicated that the 

electrolyte leakage (EL) from leaves tissues can evaluate the damage to membrane incurred by stress 

experiences. 

 Wahid et al. [14] believe that high temperature might adversely affect photosynthesis, respiration, water 

relations and membrane stability, and also modulate levels of hormones and primary and secondary metabolites. 

With long heat stress time, the chlorophyll content and the binding degree of chlorophyll protein complex 

decline gradually [26]. When plants are exposed to high temperatures, electrolytic leakage may occur from 

leaves [27]. Talebi [28] manifested that chlorophyll content negatively correlates with canopy temperature. 

Hamdi-Shengri et al. [29] reported that grain yield reveals a positive and highly significant correlation with 

chlorophyll content.  

 Lee et al. [30] observed that increase of heat stress period increases the rate of electrolyte leakage. Zhang et 

al. [31] maintained that the primary response of rice plants to high temperature was the ultra-structural 

modification of the cell membrane system which could be used as an index to evaluate the crop heat-tolerance. 

In rice plant, the booting and heading stages are the most susceptible to high temperature stress [10]. Yields of 

rice have been estimated to be reduced by 41% by the end of the 21
st 

century [32]. Rice cultivars show decreases 

in pollen activity, pollen germination, and floret fertility at high temperatures, with tolerant cultivars showing a 

slower rate of decrease than susceptible cultivars [33]. 

 Morady et al. [34] and Gilani et al. [35, 36] reported that grain yield in heat stress condition reduces about 

50% compared with optimum sowing date. They observed that Hoveizeh and Danial were superior in grain 

production rather than other cultivars. They showed that the highest grain yield was obtained in cv. Hoveizeh. In 

addition, Hoveizeh had greater CMTS and the lowest chlorophyll content in comparison with other cultivars. In 

addition, these results clarified that the reason for decline in grain production was high percentage of florets 

sterility in the panicle [34, 35]. 

 Liu et al. [37] reported that rice seed-setting rate was more vulnerable to high air temperature than grain 

weight. The disturbance of physiological metabolism in flag leaves was a fundamental reason for the reduction 

of rice grain yield under high air temperature.  

 Tahir et al. [38] showed that the rate of chlorophyll loss from flag leaf positively correlates with nitrogen 

and TNC remobilization efficiencies under heat stress. Heat stress can reduce photosynthetic rate by 40–60% at 

mid-ripening, leading to more rapid senescence of the flag leaf [39]. Stay-green proteins are responsible for the 

green-flesh and retention of chlorophyll during senescence [40]. Heat stress accelerates the senescence of the 

leaves and loss of the chlorophyll content [41]. Hanyu et al. [42] in his research about the effects of day length 

on panicle initiation reported that decrease in day length during physiological maturity stage leads to decrease of 

photosynthetic production rate of rice plant leaves. 

 

MATERIALS AND METHODS 

Experiments time and location: 

 The experiment was carried out during May and November of 2010 and 2011 in a research field of the 

Shavoor Agricultural Research Station associated Agriculture and Natural Resources Research Center of 

Khuzestan). The geographical position of the area is between 31°49' N, 48° 26' E and 33 m above the sea level. 

This area is located at north of Ahvaz in the route of Susa, between the famous Karkheh and Karun rivers in 

IRAN.  

 

Experimental design and treatments: 

 The experiment was laid out in a split-plot arrangement base on randomized complete block design 

(RCBD) with three replications. In order to expose the rice developmental stages (vegetative and reproductive 

stages) to different high air temperature regimes, three sowing dates were assigned as the main-plots; early 

sowing date (5 May): SD1, optimum sowing date (25 May): SD2, late sowing date (14 June): SD3.The sub-plots 

were assigned to 7 cultivars: Cv. N22 (International control tolerant of heat stress and water deficit at flowering 

stage), Hoveizeh and Hamar (heat stress tolerant, native cultivars), Gerdeh (Relatively tolerant to heat stress, 

native cultivar) and Danial (Relatively tolerant to heat stress) and Champa and Anbori (sensitive to heat stress, 

native cultivars). 
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Field crop management and plant husbandry: 

 The experimental field had clay-loam soil texture with PH=7.52 and EC=2.48 millimoss.cm
-1

. The soil 

nitrogen (N) percentage was 0.09% and phosphorus (P), potassium (K), and zinc (Zn) in the soli were 9.5-11.4, 

120and 2.5 parts per million (mg/kg), respectively (Based on the results of soil analysis). Nitrogen and 

phosphorus were applied in the form of Urea and ammonium phosphate, respectively. In addition, Potassium 

and Zinc were added in the form of potassium sulfate and zinc sulfate. Urea-N was applied at the rate of 300 

kg/ha for cv. Danial and 200 kg/ha (for other cultivars). In addition, ammonium phosphate, potassium sulfate 

and zinc sulfate were used in the amounts of 50, 100, and 40 kg/ha, respectively. At the sowing time, 40% of the 

Urea-N was applied along with the total rate of ammonium phosphate, potassium sulfate and zinc sulfate. The 

second and third parts of Urea-N were added at the early tillering (30%) and booting stages (30%). Seedlings 

produced in nurseries for each sowing date were transplanted in the field plots as many as five plants per hill 

and with inter row and hill spacing of 25×25 cm (for Danial cultivar) and 20×20 cm (for other cultivars) after 

the 3-4 leaf stage. Field irrigation management was according to conventional management of paddy rice 

cultivation in Khuzestan. Each experimental plot consisted of 11 and 14 rows (with length of 4 m) for Danial 

and other cultivars, respectively.  

 

Measuring of canopy temperature in the field: 

 In order to measure air temperature (around the panicle and flag leaf), at the top of canopy, three 

temperature data logger instruments (Testo temperature data logger, 174, 175 and 177 T2 model, Germany) 

were installed in three positions in the field plots. All mean air temperatures of daytime (07:00-19:00 h) and 

nighttime (19:00-07:00 h) were recorded every 15 minutes from the start of heading stages to end of 

physiological maturity stage. In addition, average temperatures (maximum, average and minimum values) were 

calculated which are presented in Figure 1. 

 

Nitrogen measurement: 

 Total nitrogen concentration of flag leaf (percent in dry matter) was determined using the auto analyzer 

(Foss 2100, FOSS Kjeltec, USA) through kjeldahl nitrogen determination method [43] after vitriol digestion. In 

this experiment, nitrogen percentage was measured through digestion of 1 g dried sample of flag leaf in sulfuric 

acid. In addition, nitrogen concentration of flag leaf (% per DM) was measured at R3-R4 (50% heading) and R8 

(physiological maturity) according to rice developmental timeline [44]. Nitrogen mobilization (NM) and 

nitrogen mobilization efficiency (NME) were calculated through the following equation,“Eq. (1)and (2)”:  

 

             Eq. (1) 

             Eq. (2) 

 

Relative Chlorophyll content: 

 The relative chlorophyll content of flag leaves (SPAD value) was measured two times; first at 50% heading 

stage (R3-R4) and then at milk stage (R6-R7) which was done according to rice developmental timeline [44]. 

The SPAD value was obtained with chlorophyll meter (SPAD-502, Minolta, Japan) [45, 46]. In addition, 

chlorophyll loss rate was defined based on the following equation “Eq. (3): 

 

            Eq. (3) 

 

Cell membrane thermal stability (CMTS) of flag Leaf: 

 In this experiment, cell membrane thermal stability (CMTS) of flag leaf was measured using the electrolytic 

leakage method of Agarie et al. [25] during the period of 50% heading stage (R3-R4 stages). 

 

Grain yield: 

 Plant hills samples with area of two square meters (32 hills in cv. Danial and 50 hills in other cultivars) 

were harvested above ground at the physiological maturity stages in 2010 and 2011 to determine grain yield. All 

of the plants were separated into vegetative (leaf blades, sheath and stems) and reproductive parts (panicles). 

The plant parts were oven dried at 72 °C for 48 hours and dry weights were recorded for each section. After 

drying, the panicles were threshed by hand and grain weights were recorded. The grain yield was extrapolated to 

yield per hectare.  
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Data analysis: 

 Data analysis was done through combined analysis of variance techniques using SAS (SAS, 2003) during 

2010-2011. The mean values of traits were separated and compared using Fisher least significant difference 

(FLSD) test (P<0.05). 

RESULTS AND DISCUSSION 

 

Nitrogen status: 

 The results of this research indicated the significant effects of sowing date, cultivars and their interaction 

effects on flag leaf nitrogen concentration from50% heading to physiological maturity stages at (P<0.01). 

Moreover, it was observed that the effect of year and its interaction (with sowing date and cultivar) on nitrogen 

concentration were not significant. In 50% heading and physiological maturity stages, the highest and lowest 

nitrogen percentages were observed in SD3 (2.63 %) and SD1 (1.73%), respectively (Table 1). In SD3, nitrogen 

concentration at 50% heading stage was about 7.6% and 34.3% higher than SD2 and SD1, respectively. 

Likewise, in SD3, nitrogen concentration at physiological maturity stage was about 20.8% and 40% higher than 

nitrogen concentration in SD2 and SD1, respectively. Nitrogen concentration in the highest nitrogen cultivar 

(Champa) was about 18.8% and 44.3% higher than that in the lowest cultivar (N22) in 50% heading and 

physiological maturity stage, respectively (Table 1). The lowest nitrogen concentration was found in N22 (for 

SD1and SD2) and Hoveizeh (for SD3) (Table 2).  

 There was a significant (P<0.01) variation in NM of flag leaf in all sowing dates, rice cultivars and its 

interaction effects. NM in SD2 had 39.2% and 24.7% superiority compared to SD1 and SD3 (Table 1). On 

average, Anbori showed the lowest NM value with rate of 0.36% in comparison with other cultivars, whereas 

the highest rate of NM was attained in Hoveizeh with mean of 0.89% (Table 2). The comparison of interaction 

effects illustrated that the lowest rate of NM was observed in Campa (SD1) and Anbori (SD2 and SD3), while 

the highest rate was obtained in Hoveizeh (in SD1 and SD2) and N22 in SD3 (Table 1).  

 Results showed that there are significant differences between the sowing date and cultivar (p<0.01) effects 

on NME. Highest and lowest NME were observed in SD23 with mean of 37.04% and SD3 with 24.74%, 

respectively (Table 1). Among the cultivars, the greatest and smallest rates of this trait were found in cv. N22 

with mean of 43.28% and Anbori with 15.34%, respectively (Table 1). In the interaction study, cv. Hoveizeh at 

SD1 and SD2 and N22 in SD3 had the greatest NME (Table 2). Occurrence of the highest temperature during 

the reproductive stage (heading and ripening stages) affected nitrogen uptake at the SD1 and led to reduction of 

flag leaf nitrogen in comparison to other sowing dates. Based on the results of this study, the lowest nitrogen 

accumulation in flag leaf in first sowing date can be due to the occurrence of highest heat in plant reproductive 

growth period. This finding can be considered as proof of previous studies on the preventive effects of high 

temperature stress on nitrogen absorption by the plant root system [13]. At 50% heading stage, the lowest rate of 

nitrogen belongs to SD3. 

 

Relative chlorophyll content: 

 The Results indicated that year had significant effects on chlorophyll content in the 50% heading and milk 

stages (P<0.05). However, it had no significant effects on chlorophyll loss. Sowing date, cultivar, and its 

interaction effects were significant (P<0.01) on SPAD value in 50% heading and milk stages and chlorophyll 

loss rate. Chlorophyll variation tendency was very similar to nitrogen variation from the SD1 to SD3. During the 

50% heading to milk stage, the highest and lowest rates of chlorophyll content were observed in SD3 and SD1. 

Prasad et al. [47] reported that high night temperature (31.9°C/27.8°C) decreased chlorophyll (Chl) content and 

photosynthetic rate by 8% and 22%, respectively, compared to optimum night temperature. 

 In anthsis time, SD3 had 40.48% chlorophyll which was 7.9% higher than chlorophyll content of SD1 

(Table 1). In this study, low production of leaves’ chlorophyll content and high fall of chlorophyll in the 

flowering period to ripening stage, due to high thermal stress in the first sowing date matched with the findings 

of previous studies [23]. The highest rate of chlorophyll was observed in Champa and Anbori with means of 

42.76% and 40.89%, respectively at 50% heading. However, cv. Hoveizeh and N22 (with means of 36.52% and 

36.71% respectively) had the lowest rate of chlorophyll content (Table 1). The trend of chlorophyll variation at 

milk stage was similar to the variation of the 50% heading stage. In this manner, cv. Hoveizeh and N22 had 

minimum rate of chlorophyll content and Champa and Anbori had the maximum rate at milk stage (Table 1). 

Recently, Almeselmani et al. [48] investigated the performance of heat tolerant and heat susceptible wheat 

genotypes under HT. They observed that HT significantly reduced leaf Chlorophyll content in both genotypes at 

any stages of growth. 

 Based on this chlorophyll loss rate from 50% heading stage to physiological maturity stage had reverse 

gradient as compared to nitrogen and chlorophyll variation tendency because the biggest chlorophyll loss rate 

belongs to SD1 with a mean of 8.27% and the lowest rate achieved in the third with mean of 5.95% (Table 1). 

Hence, SD1 had 28.1% superiority as compared to SD3. In SD1, the higher value of temperature in this period 

was observed between 50% heading stage to milk stage (Figure 1).  
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 Subsequently, the occurrence of higher heat stress injurious on chlorophyll structure may cause prompt 

chlorophyll downfall and faster senesces of flag leaf in SD1 rather than SD2 and SD3. On the other hand, 

exposure to higher temperature in SD1 leads to decrease of higher rate of chlorophyll content compared to SD2 

and SD3. In addition, exposure to extremely high temperatures decreases the chlorophyll content and net 

photosynthetic rate. Chlorophyll loss naturally occurs in plants undergoing senescence [49], and it can also 

prematurely occur in plants experiencing heat stress [50, 51, 52, 53, 54]. However, the mechanism by which 

high temperature may have caused chlorophyll loss is unclear.  

 Al-Khatib and Paulsen [52], Harding et al. [53] and Ristic et al. [54] suggest that a major effect of high 

temperature on wheat is acceleration of senescence, which is manifested by increase in the activity of proteolytic 

enzymes leading to protein degradation and chlorophyll loss.  

 The results of this study are in line with the results of previous studies and are supported by them [22]. 

Accordingly, all cultivars showed maximum rate of chlorophyll content in SD3 rather than SD1. Contrary to the 

chlorophyll content, loss of chlorophyll rate had reverse gradient and Hoveizeh cultivar with mean of 9.19 % 

had the highest rate of chlorophyll loss rather than Anbori with the lowest rate (4.61%). The existence of the 

higher rate of chlorophyll loss in SD1 compared to SD2 and SD3 is indicative of the highest level of heat stress 

in SD1 at the heading to ripening stages [24].  

 There are significant differences (P<0.01) in sowing date and cultivar interaction in   50% heading and milk 

stages for chlorophyll content. In addition, its interaction effects on chlorophyll loss rate were not significant. 

The highest chlorophyll content at 50% heading stage belongs to Champa and the lowest rate belongs to 

Hoveizeh (in SD1 and SD2) and N22 (in SD2). The results showed that all cultivars showed maximum rate of 

chlorophyll loss in SD1 than SD3. The results confirm previous findings [24, 26]. In interaction effects (between 

sowing date and cultivar), the lowest chlorophyll loss rate was observed in cv. Anbori (2.4%) at SD3 and the 

highest was attained in Hoveizeh (10.59%) at SD1 (Table 3). Results showed that heat-tolerant cultivars (such 

as Hoveizeh, N22 and Gerdeh), in spite of having the lowest chlorophyll content, had the highest grain 

production. On contrary, in heat sensitive cultivars (such as Anbori and Champa), despite maximum rate of 

chlorophyll, the lowest grain yield was observed (Table1). This deficiency of grain production in these cultivars 

can be due to photosynthesis efficiency weakness [24, 40, 41].  

 

Cell membrane thermal stability (CMTS): 

 Data analysis indicated that CMTS was significantly different in the sowing date, cultivar and its interaction 

(P<0.1). The maximum and minimum rates of CMTS was obtained in SD3 and SD1, respectively and SD3 had 

a superiority of 16.8% than SD1 (Table 1). In cultivar comparison, the highest rate of CMTS was observed in 

cv. N22 (93.37%) and Hoveizeh (92.62%), respectively. On contrary, in Anbori (83.04%) and Champa 

(84.74%), the lowest CMTS was attained. Therefore, N22 had superiority of 11.1% compared to Arbori (Table 

1). 

 The examination of interaction effects showed that Cv. N22 had maximum CMTS in all sowing dates. In 

addition, Cv. Champa in SD1 (74.85%), Anbori in SD2 and SD3 (with mean of 82.06% and 91.22%, 

respectively) had minimum rates of CMTS (Table 2). In comparison of sowing dates, it was observed that the 

presence of the highest temperature range results in maximum injury to CMTS compared to other sowing dates. 

The results of the present study are supported by previous reports [27, 30, 14]. In comparison of cultivars, it was 

observed that in spite of being exposed to highest temperature, N22 and Hoveizeh had the highest rate of 

CMTS. Cv. Gerdeh with a mean of 92.25% had relatively high thermal stability of cell membrane. 

Notwithstanding, Cv. Danial, exposure to the lowest temperature (Figure 1) led to weak CMTS (with mean of 

89.8 %). These results support the previous work on the rice plant by Morady et al. [34] and Gilani et al. [35, 

36]. 

 

Grain yield: 

 The results revealed that there were significant differences between sowing date and cultivar effects and 

their interaction on grain yield. However, no difference was observed between year and its interaction with 

sowing date and cultivar (Table 1). According to the mean of grain yield in the sowing date treatment, the 

highest grain yield was achieved in SD2 (May 26) with a mean of 5737.1 kg/ha and the lowest belonged to SD1 

(3344.3 kg/ha). Grain production in SD2 in comparison to the SD1 had superiority of 42.5% and 9%, 

respectively (Table 1). Decrease of grain yields by SD1 probably is due to the extent of spiklets sterility because 

of heat stress [39, 36].  

 Because of air temperature decreasing trend in field canopy from SD1 to SD3, the lowest grain yield in SD1 

is due to the occurrence of highest temperature during the reproductive stage (heading and ripening stages) in all 

the cultivars (Figure 1) Yoshida (1981). In addition, the reduction of grain yield in SD3 rather than SD2 is 

because of a reduction in day length in ripening stage. These finding were reported previously [34, 35, 36, 42]. 

The negative effects of maximum mean temperature(maximum, minimum and average temperatures) in first 

sowing date lead to severe prevention of nitrogen absorption and accumulation, high loss of Chlorophyll 
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production and reduction of CMTS in the studied varieties. The mentioned traits play significant role in 

functionality and efficiency of plant photosynthesis system and production of sufficient assimilate for filling the 

sinks. In this study, the imposed thermal stress in flowering stage to ripening stage leads to high loss on the key 

mentioned attributes. These losses, besides deficiency in formation of rice plant yield components (data are not 

shown) lead to high loss of grain yield in the first sowing date. In this study, the imposed thermal stress in 

flowering stage to ripening stage leads to high loss on the key mentioned attributes. These losses, besides 

deficiency in formation of plant yield components (data are not shown) lead to high loss of grain yield in the 

first sowing date.  

 Among the rice cultivars, Hoveizeh, with grain yield of 5606.3 kg/ha and Anbori with grain production of 

3685.8 kg/ha had the highest and lowest means, respectively. In this manner, grain production in Anbori that 

was sensitive to heat stress was 34.3 percent less than Hoveizeh as the heat-tolerant cultivar (Table1). Based on 

this research, cv. Hoveizeh had the highest heat-tolerance threshold among the cultivars. Because of faster 

recovery after seedling transplanting, rapid completion of canopy, the reduction of reproductive period and 

highest CMTS, this cultivar was able to achieve the highest grain yield per unit of area. In SD2, cv. Hoveizeh 

with grain yields of 6454.5 kg/ha had the greatest mean of grain production. However, cv. Champa had the 

lowest of grain yield (1998.4 kg/ha) (Table 1). Thus, Cv. Hoveizeh had superiority equivalent to 69.0% than cv. 

Champa. It seems that highest grain production in cv. Hoveizeh (heat-tolerant cultivar) in three planting date is 

associated with high levels of photosynthesis rate in plant leaves, especially from heading to ripening stages [16, 

17]. In SD2, Hamar and Gerdeh cultivars (with grain yields of 6144.37 and 5943.6 kg/ha, respectively) had the 

greatest amount of yield after Hoveizeh (Table 1). The results of this research on the role of high temperature on 

reducing photosynthetic products, acceleration leaf senescence and decreasing yield sink capacity accorded to 

the findings of Morady et al. [34], Todorov et al. [20], Gilani et al. [35, 36] and Cao et al. [15]. The superiority 

of grain yield of Hoveizeh to other varieties, especially to sensitive varieties of Anbori and Chapma, can be 

attributed to superiority of plant functional parts (higher tiller production, higher grain weight and lower spikelet 

sterility). Chen et al. [55] reported that the realization of high yield potential for rice cultivars was closely 

related to the improved sink size, such as more panicles per square meter or grains per panicle.  

 

Temperature: 

 There was significant difference between air temperatures in sowing dates and rice cultivars at reproduction 

(start of heading to end of ripening stages) (Figure 1). In this research all range of air temperature means 

(maximum, average and minimum) had descending trend from SD1 to SD3 (figure 1). For example, the highest 

and lowest rate of maximum air temperature were observed in SD1 (41.8°C) and SD3 (37.6°C), respectively. 

The results showed that SD3 and SD2 were exposed to relatively cooler temperatures compared to SD1. The 

maximum air temperatures in SD1 were about 2.5°C and 4.2°C greater than those SD2 and SD3, respectively. 

Excessive temperature in SD1 could have exceeded the optimum temperature requirements for heading, anthesis 

and physiological maturity stage in rice plant. Deficiency of grain yield in SD1 is due to heat injury effects that 

are due to surplus temperature.  

 Comparison of cultivars demonstrated that N22 and Hoveizeh were exposed to highest temperature at 

heading and physiological maturity stages. Cv. N22 and Hoveizeh were exposed to 40.1°C and 39.9°C, 

respectively. In addition, cv. Danial, Anbori and Champa were exposed to the lowest value of maximum air 

temperature. Although Hoveizeh, Hamar and N22 cultivars were exposed to higher temperatures, they had 

highest grain production value than other cultivars (Figure 1 and Table 1). Decreasing trend in other mean air 

temperature ranges (average and minimum air temperature) was similar to maximum air temperature mean for 

all of the sowing date and cultivars.  

 

Conclusion: 

 It seems that in SD1, the inhibitor effects of heat stress on the photosynthetic cycle on one part, and the loss 

of assimilate production (as a result of increasing night respiration), on the other hand, lead to decrease of  dry 

matter production in plant. Moreover, heat stress with its negative effects on yield sink capacity of plant induces 

sink limitation. Thus, heat stress with bilateral effects on rice plant leads to source and sink limitation. The 

direction of losses on photosynthesis traits of flag leaf (during flowering period and filling period of grain) leads 

to high fall of photo-assimilate production and at the end leads to limitation on supplying the produced 

assimilate of leaves (source limitation). Furthermore, high heat stress in first sowing date with negative effect on 

production and formation of spikelet in one hand, and high increase of spikelet on the other hand, lead to 

decrease of sinks’ capacity and so the limitation of sink on the studied rice varieties. Based on this, it can be 

concluded that the occurrence of highest heat temperature in the first sowing date leads to simultaneous 

limitation of source and sink and consequently leads to severe reduction of grain function in this sowing date.  

 Based on the results of this study, the highest mean temperature takes place at SD1. Synchronization 

reproductive stage (heading and ripening stages) with maximum temperatures leads to greatest disorder in 

photosynthesis in plant leaves. Thus, significant reduction observed in grain production at SD1compared to SD2 
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and SD3. In spite of the superiority in nitrogen and chlorophyll contents, and CMTS at SD3, grain yield 

decreased about 9.0% in this treatment compared to SD2, which might be caused by decrease in day length at 

ripening phase. Decrease in day length during ripening leads to reduction of photosynthetic production rate of 

plant leaves in SD3 compared to SD2. Thus, decrease of grain yield in SD3 compared to SD2 is not far-fetched.  

 
Table 1: Biennial means comparisons of grain yield, nitrogen percent, nitrogen mobilization, nitrogen mobilization efficiency, relative 

chlorophyll content, chlorophyll loss rate and cell membrane thermal stability (CMTS) of flag leaf at different levels of sowing 
date† and cultivars†† in two years (2010 and 2011).  

 
† Sowing date’s treatment levels: First sowing date (5 May): SD1, second sowing date (25 May): SD2 and third sowing date (14 June): SD3. 
†† Cultivars treatment levels: V1: Anbori, V2: Champa, V3: Danial (LD183), V4: Gerdeh, V5: Hamar, V6: Hoveizeh and V7: N22. 

Mean values within a column followed by the same letter are not significantly different at 5% probability level using fisher’s least 
significant difference (FLSD) test. 

 

Table 2: Biennial means comparison of grain yield, nitrogen percent, nitrogen mobilization, nitrogen mobilization efficiency, relative 
chlorophyll content, chlorophyll loss rate and cell membrane thermal stability (CMTS) of flag leaf at the interaction between 

sowing date† and cultivar treatments†† in two years (2010 and 2011). 

 
† Sowing date’s treatment levels: First sowing date (5 May): SD1, second sowing date (25 May): SD2 and third sowing date (14 June): SD3. 
†† Cultivars treatment levels: V1: Anbori, V2: Champa, V3: Danial, V4: Gerdeh, V5: Hamar, V6: Hoveizeh and V7: N22. 

Mean values within a column followed by the same letter are not significantly different at 5% probability level using fisher’s least 

significant difference (FLSD) test. 
 

 The results of this study indicated clear cultivar variation in reaction to heat stress in terms of nitrogen 

status, chlorophyll content and CMTS of Flag Leaf and grain yield. Furthermore, the results of this research 

showed that superiority in photosynthesis efficiency in heat-tolerant cultivars is one of the most important 

reasons for higher grain production than susceptible cultivars at heat stress condition. In the other hand, the 

disturbance of physiological metabolisms in flag leaves is a fundamental reason for the reduction of grain yield 

under high temperature condition in heat sensitive rice plant. Meanwhile, it seems necessary to conduct more 

study to understand the mentioned strategies in tolerant cultivars to heat including Hoveizeh, Hamar, N22 and 

Gardeh. 
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 The results indicated that although high nitrogen absorption, chlorophyll content and heat stability of cell 

membrane in sensitive cultivars to heat stress can be considered a physiologic superiority, which helps improve 

of functionality and photosynthesis efficiency and production of more assimilate in plant, sum of these traits 

cannot compensate the sever reduction of functional parts of plant in the area. In addition, it can be concluded 

that in heat sensitive cultivars, heat stress increases the costs of nitrogen reduction process, maintenance and 

continuance of production of chlorophyll in plant leaves. Therefore, these disorders severely decrease 

production and allocation of photo-assimilate to grains, which ultimately reduce grain yield. Therefore, 

replacement of heat-sensitive cultivars with heat-tolerant, adjustment of sowing time, choice of varieties with a 

growth duration allowing avoidance of peak stress periods, are some of the adaptive measures that will help the 

mitigation of forecast yield reduction due to global warming.  

 

 

 
 

Fig. 1: Trend of changes in grain yield (kg/ha) and air temperature (mean of minimum, average and maximum 

air temperature) during heading to physiological maturity stages, in three sowing date (part a, b and c, 

respectively) and seven cultivars (part d, e and f, respectively) in two years (2010 and 2011). Sowing 

date’s treatment levels: SD1: First sowing date (5 May), SD2: Second sowing date (25 May), and SD3: 

Third sowing date (14 June). Cultivars treatment levels: V1: Anbori, V2: Champa, V3: Danial, V4: 

Gerdeh, V5: Hamar, V6: Hoveizeh and V7: N22. 
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