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ABSTRACT: This review study explores the effects of rising temperatures on rice phenology and 

productivity in China-an issue of growing concern amid accelerating climate change. As one of the 

world's most essential staple crops, rice is particularly sensitive to temperature fluctuations, especially 

in regions where optimal growing conditions are being disrupted by warming trends. The primary aim 

of this review is to synthesize existing knowledge on how increasing temperatures influence the 

various developmental stages of rice-germination, tillering, flowering, and maturity and their 

cumulative impact on yield. Drawing on research conducted between 2015 and 2025, the paper 

highlights a clear correlation between elevated temperatures and shifts in rice phenology. Higher 

temperatures have been shown to speed up plant growth, shorten the vegetative stages, and trigger 

earlier flowering. However, heat stress during critical phases especially flowering and grain filling 

stages has a detrimental effect on yields. This impact is most pronounced in China’s southern and 

eastern regions, where temperature increases are occurring more rapidly than in the north. The review 

also examines adaptation strategies aimed at mitigating these adverse effects. These include the 

development of heat-tolerant rice varieties, adjustments in sowing dates, improvements in irrigation 

infrastructure, and enhanced pest management practices. Despite progress, significant challenges 

remain, particularly in vulnerable areas where farmers have limited adaptive capacity. Furthermore, 

the study underscores the need for more region-specific and integrated research to better understand 

how temperature interacts with other environmental variables such as soil moisture, atmospheric CO₂ 

levels, and extreme weather events. These factors may compound the negative effects of heat on rice 

yield. In conclusion, while rising temperatures pose a serious threat to rice cultivation in China, 

science-based adaptation strategies supported by continued research and cooperative policymaking 

offer a viable pathway to sustaining rice production in the face of climate change. 
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INTRODUCTION 

According to the Fifth Assessment Report by 

the Intergovernmental Panel on Climate Change 

(IPCC), the global average surface temperature 

increased by approximately 0.85°C between 

1880 and 2012, with a noticeable upward trend 

continuing in recent decades. These climatic shifts 

have had widespread implications for global 

agricultural systems, raising growing concerns 

about the potential negative impacts of climate 

change on future crop productivity (Pachauri 

and Meyer, 2014). 

China is the world’s leading producer, 

consumer, and importer of rice, with over 80% 

of its population depending on this staple for 

daily nutrition (Chen et al., 2017). Ensuring high 

rice yields is therefore critical for maintaining 

both national and global food security. Between 

2012 and 2016, China allocated the rice acreage 

has an average of 30.23 million hectares annually 

to rice cultivation, representing approximately 
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26.9% of the global sown area of 112.45 million 

hectares. During the same period, the country 

produced an average of 205.9 million tons of 

rice annually, accounting for 33.9% of the global 

rice output (Alexandratos and Bruinsma, 

2012). Notably, rice yield in China have doubled 

over the past three decades (IPCC, 2013), a 

trend that may be partially attributed to climatic 

factors such as temperature fluctuations and 

solar radiation (Bongaarts, 2019). 

However, climate change poses a growing 

threat to rice production in China. According to 

the China Climate Change Blue Book (2018), 

published by the China Meteorological 

Administration, China has experienced a 1.6°C 

rise in average surface temperature between 

1951 and 2017 surpassing the global average for 

the same period. Additionally, the frequency and 

intensity of extreme weather events, including 

heat waves and cold spells, have increased. 

These climatic changes are likely to have more 

profound impacts on rice cultivation in China 

than in many other countries (Tao and Zhang, 

2013; Zhao et al., 2017). 

China’s rice cultivation spans a wide geographic 
area, from the Yunnan-Guizhou Plateau to the 
eastern coastal delta, and from Heilongjiang’s 
Mohe in the north to Hainan in the south. This 
extensive range leads to considerable spatial and 
temporal variation in the climatic conditions 
during the rice-growing season (Tao et al., 2013; 
Chen et al., 2017). Moreover, China employs 
diverse rice production systems—such as southern 
double-cropping rice (SD), Yangtze River Basin 
rice (YRB), medium-season rice (MR), and 
northern single-cropping rice covering nearly all 
global rice cultivation models. As a result, the 
effects of climate change on rice phenology and 
yield are expected to vary significantly 
depending on the specific cropping system and 
regional context (Guo et al., 2020; Zhang et al., 
2020). 

Given the scale and complexity of rice 

production in China, as well as the accelerating 

pace of climate change, there is a pressing need 

to scientifically assess its potential impacts on 

rice growth and yield. Such assessments will 

help guide the development of targeted 

adaptation strategies and provide a theoretical 

foundation for ensuring long-term food security 

under changing climatic conditions. 

Rising global temperatures are projected to 

shorten the duration of the rice growing season, 

while exposure to extreme heat during critical 

developmental stages—such as the tillering 

phase can induce physiological stress, ultimately 

leading to reduced grain yields (Prasad et al., 

2006). In addition to temperature, other 

environmental factors such as solar radiation 

and atmospheric CO₂ concentrations also play a 

crucial role in influencing rice productivity (Tao 

et al., 2013; Houma et al., 2021). For instance, 

Arunrat et al. (2022) found that in the lower 

northern region of Thailand, rice yield in 

irrigated systems are expected to increase under 

the moderate emission scenario (SSP245). 

However, under the high emission scenario 

(SSP585), yields are projected to decline by 

6.0% for the first rice crop and by 17.7% for the 

second crop in the mid- to long-term future. 

Similarly, in India, rice production is anticipated 

to increase under the low-emission scenario 

(RCP2.6) across most agro-ecological zones; 

however, these potential gains are likely to 

diminish over time, with climate change having 

a net negative effect on yields by the 2080s 

(Gupta and Mishra, 2019). 

Chen et al. (2020) estimated that rice yield 

could decline by approximately 2.55% and 

2.48% under the RCP4.5 and RCP8.5 climate 

scenarios, respectively, for the period between 

2005 and 2050 compared to the baseline period 

of 1960 to 2004, even after considering the 

potential mitigating effect of CO₂ fertilization. 

In contrast, Zhang et al. (2019) suggested that 

future climate change may have a positive 

impact on rice yields in the Northeast China 

Plain. Furthermore, Zhang et al. (2023) reported 

divergent trends in southern China, where early 

rice yield was projected to increase while late 

rice yield was expected to decline. These studies 

collectively emphasize the pronounced regional 

variability in the response of rice production to 

climate change, reflecting how differing local 

climatic conditions can lead to heterogeneous 

effects on agricultural output. 

Objectives 

a. Examine the impact of rising temperatures on 

rice growth stages across various regions of 

China. 
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b. Evaluate the effects of temperature increase 

on rice yield including regional variations. 

c. Review and recommend climate-resilient 

farming practices to mitigate the adverse 

effects of rising temperatures. 

d. Summarize findings from previous studies on 

temperature-induced changes in rice 

phenology and productivity. 

e. Analyze regional climatic differences in 

temperature impact and identify the most 

vulnerable areas for rice production. 

Research Problems 

a. Uncertain Temperature Thresholds for Rice 

Growth: Identifying exact temperature limits 

that significantly affect rice phenology and 

yield is challenging, as these thresholds vary 

by region, variety, and growth stage. 

b. Limited Knowledge of Long-Term Temperature 

Trends: The cumulative effects of long-term 

temperature changes on rice cultivation 

remain unclear, requiring differentiation 

between short-term weather fluctuations and 

sustained climate shifts. 

c. Regional Variability in Temperature Effects: 

Diverse geographic, soil, irrigation, and 

management conditions across China lead to 

varied impacts of rising temperatures on rice, 

complicating the formulation of universal 

conclusions. 

d. Complex Interactions with Other Environmental 

Factors: The combined influence of temperature, 

precipitation, humidity, and CO₂ on rice 

productivity needs further investigation. 

e. Insufficient Data on Extreme Heat Events: 

The effects of sudden, extreme temperature 

spikes during key rice growth stages are 

under-researched despite their potential 

significance. 

Temporal, Spatial, and Thematic Limits 

of the Study 

Temporal limits 

a. Time Frame for Data: This review will focus 

on research and data collected up to 2025, 

emphasizing studies from the past decade 

(2015–2025) to ensure the most current 

insights. 

b. Long-Term vs. Short-Term Effects: Both 

short-term impacts (such as annual weather 

variations) and long-term effects (including 

decadal trends and climate projections) of 

rising temperatures on rice productivity will 

be examined. 

Spatial Limits 

The study will primarily focus on rice 

growing regions within China, covering diverse 

climatic zones including: Temperate regions: 

Northeastern and Northern China, Subtropical 

regions: Southern and Southeastern China and 

Tropical regions: Southern areas such as Hainan 

Island. While the emphasis is on China, relevant 

comparative research from other major rice-

producing countries may be included to provide 

broader context and insights. 

Thematic Limits 

a. Climate and Temperature Variables: The 

review will focus specifically on how rising 

temperatures influence rice growth, excluding 

other climate variables like precipitation, CO2 

concentration, or soil moisture, though these 

factors may be briefly considered in relation 

to temperature impacts. 

b. Rice Phenology: The study will examine 

temperature effects on various growth stages 

of rice, such as germination, tillering, 

flowering, grains filling and maturity. 

c. Rice Productivity: The review will explore 

changes in yield, both in terms of quantity and 

quality, due to increased temperature levels, 

including the occurrence of heat stress and its 

implications on grain development and overall 

productivity. 

Methodology 

Study area 

The research area encompasses the main rice 

cultivation regions across 18 provinces and 

municipalities in China (Fig. 1), which represent 

over 95% of the nation’s total rice farming area 

(NBCS, 2022). This vast cultivation zone 

stretches from tropical regions near 18°N latitude 

to as far north as 50°N. According to Wang et 

al. (2015), the area is divided into five distinct 

rice eco-regions based on climate, cropping 

patterns, and geographical characteristics.  
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Fig. 1. Spatial distribution of rice cultivation and agri-meteorological stations in mainland of China 

 

These include 

The single-cropping rice region in Northeast 

China (NE); the single-cropping rice region in 

the Yangtze River Basin (CS), further split into 

CS1 (Sichuan Basin subregion in the upper 

reaches) and CS2 (middle-lower reaches plain 

subregion); the single-cropping rice region in 

Southwest China (SW); the double-cropping rice 

region south of the Yangtze River (CD); and the 

double-cropping rice region in southern China 

(SD). The favorable hydrothermal conditions in 

the double-cropping regions enable the 

cultivation of both early and late rice varieties 

within the same field annually. 

Background Temperature and Warming 

Trends in Typical Rice Cultivation 

Systems in China 

Rice cultivation in China is primarily divided 
into three systems: single cropping in the 
northern region, especially in Northeast China; 
medium cropping in the middle and lower 
Yangtze River basin; and double cropping in 
southern China. These systems experience 
markedly different climatic conditions. Based on 
temperature data from 1980 to 2015 (Chen et 

al., 2020), the recorded maximum, average, and 
minimum daily temperatures were 23.0°C, 
18.3°C , and 13.6°C respectively, with warming 
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rates of 0.31°C, 0.34°C, and 0.36°C per decade. 
Additionally, the maximum, average, and 
minimum temperatures were 28.0°C, 23.65°C , 
and 19.3°C, with corresponding warming trends 
of 0.29°C, 0.39°C, and 0.32°C per decade. For 
early rice (ER), the background temperatures 
averaged 23.3°C (maximum), 27.7°C (average), 
and 20.0°C (minimum), each rising at rates 
close to 0.28–0.29°C per decade. 

For late rice (LR), the background temperatures 

were 26.3°C (average), 30.7°C (maximum), and 

22.6°C (minimum), with air temperature increases 

of approximately 0.25°C per decade across these 

measures. As shown in Fig. 2, temperatures 

during the rice growing season have risen 

significantly across all three cropping systems. 

In southern China, the background temperatures 

for MR and early rice (ER) are similar. However, 

the post-anthesis background temperature for 

first-season rice in Northeast China is 

considerably lower than that for double rice 

(DR) and LR, and much lower than for MR and 

ER. These pronounced differences in background 

temperatures and warming rates across cropping 

systems contribute to varied climate change 

impacts on each system. 

Response Characteristics of the Growing 

Season of Rice and Elevation of Yield at 

Temperature 

Recent field warming experiments have been 

conducted in key rice growing regions of China 

to better understand the effects of increased 

temperatures. Between 2016 and 2020, a warming 

experiment took place in Harbin, Heilongjiang 

Province, representing the single-cropping rice 

system of northern China. In 2008, a nighttime 

warming study was carried out in Nanjing, 

Jiangsu Province, focusing on medium-cropping 

rice under both flooded and drought conditions. 

Additionally, from 2007 to 2011, nighttime 

warming experiments were conducted in Nanchang, 

Jiangxi, examining dual-cropping rice in southern 

China. These studies have provided valuable 

insights into the responses and adaptations of 

different rice growth stages and yield under 

varying cropping systems (Dong et al., 2011; 

Chen et al., 2017; Rehmani et al., 2021). 

The findings showed that a 1.5°C rise in 

temperature significantly shortened the growth 

period from sowing to heading and flowering 

stages, while the grain-filling period for double-

season rice in Heilongjiang and Nanchang was 

extended. Overall, although higher temperatures 

shortened the growth stages duration of rice. 

Moreover, the reproductive phase before flowering 

was reduced, whereas the post-flowering 

reproductive phase generally remained stable or 

did not lengthen. Similar phenological trends 

have been reported in long-term field studies 

(Tao et al., 2013). 

Years of field warming studies have shown 

varied effects of temperature increases on rice 

productivity across different cropping systems 

(Deng et al., 2017). In Harbin, a 1.5°C temperature 

rise significantly boosted both biological and 

grain yields for single-cropping rice. In contrast, 

yields decreased for MR in Nanjing, while in 

Nanchang’s double-cropping rice (DCR) system, 

ER yields declined and LR yield increased. 

Analysis of regional multi-year sowing experiments 

suggests that rice yield is mainly influenced by 

the background temperature after flowering. 

Higher temperatures can notably increase rice 

leaf area, promoting dry matter accumulation 

and yield formation (Yang et al., 2019). 

Consequently, in regions with higher post-
anthesis background temperatures, such as MR 
in Nanjing and early rice (ER) in Nanchang’s 
double-cropping system, a 1.5°C temperature 
increase makes panicle differentiation and 
flowering more susceptible to heat stress. This 
results in lower grains setting rates and fewer 
grains per panicle, ultimately reducing yields. 
Conversely, in cooler regions like LR in 
Harbin’s single cropping system and DR in 
Nanchang, the same temperature rise can 
increase the number of effective panicles and 
grains per panicle, leading to higher yield (Chen 
et al., 2017). 

Similar warming effects have been observed 
through extensive site-based evaluations across 
China’s three rice cropping systems, supported 
by provincial statistical data. Long-term site 
tests showed that a 1.0°C increase in average 
temperature during the rice-growing season led 
to a 15.3% yield increase per unit area for single 
cropping rice in Northeast China. However, in 
moderately flooded and arid regions, yield 
declined by 10.9%. In southern China, yield for 
early and late rice increased by 6.7% and 12.1%, 
respectively. Provincial statistics confirmed these  
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Fig. 2. Daily minimum temperature (A), maximum temperature (B), and average temperature (C) of 

the rice growing season in the main rice-growing regions of China during 1980–2020 

(modified from Deng et al., 2019) 

 

trends, reporting a 3.8% rise in single rice yields 

in Northeast China and a 0.6% increase for 

double rice under flood and drought conditions. 

In southern China, early and late rice yield 

increased by 3.7% and 8.9%, respectively. 

Overall, while rice yield in China’s cropping 

systems show both positive and negative 

responses to warming, they have generally 

remained stable (Jiang et al., 2021). 

Characteristics of Rice Quality Response 

to Climate Change 

As demand for better quality of life rises, so 

does the need for high-quality rice. Temperature 

fluctuations significantly impact rice quality, 

particularly affecting amylose and protein 

levels, which are most sensitive to warming 

(Siddik et al., 2019). Higher temperatures 

reduce amylose content, enlarge starch grain 

size, and increase protein content. These 

changes make rice more fragile during 

processing, reduce the milling yield of brown 

rice, and increase grain chalkiness, negatively 

affecting visual quality (Siddik et al., 2019). 

Moreover, temperature rises alter the nutritional 

quality by affecting starch, storage proteins, and 

fatty acids. Elevated temperatures also increase 

rice starch’s peak viscosity, hot slurry viscosity, 

final viscosity, disintegration value, and 

gelatinization temperature, while diminishing 

flavor quality (Dou et al., 2018). 

https://www.frontiersin.org/files/Articles/926059/fmicb-13-926059-HTML-r1/image_m/fmicb-13-926059-g001.jpg
https://www.frontiersin.org/journals/microbiology/articles/10.3389/fmicb.2022.926059/full?utm_source=chatgpt.com#B14
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Previous studies have shown that elevated 

temperatures during the rice growth period 

affect grain formation. Climate change disrupts 

rice growth dynamics, causing extreme 

temperature events during critical stages and 

altering their timing and duration (Zhou et al., 

2021). An artificial climate chamber experiment 

(Siddik et al., 2019) identified the second week 

after heading as a crucial period when 

temperature strongly influences rice quality, 

with increases in gelatinization temperature and 

protein content, and a decrease in amylose 

content. 

Rehmani et al. (2014) and Chen et al. (2016) 

conducted open-field heating experiments 

showing that heating after flowering reduced the 

visual quality of both early and late rice 

varieties. However, it improved the processing 

quality of LR and modestly enhanced the 

nutritional quality of both ER and LR by 

increasing protein content. The negative effects 

of extreme temperatures on rice quality mainly 

result from irreversible disruptions in grain 

filling and material accumulation during this 

critical phase. When average daily temperatures 

exceed 33°C during grain filling, both yield and 

quality suffer (Siddik et al., 2019). Extremely 

low temperatures during this stage also 

negatively impact rice quality. Overall, climate 

change tends to harm rice quality more than 

benefit it, emphasizing the urgent need to 

develop and promote adaptive rice cultivation 

strategies. 

Impacts of Anticipated Climate Change 

on Rice Cultivation  

Beneficial effects on rice cultivation 

During the 1930s, 1950s, and 1970s, the average 

daily temperature during China’s rice growing 

season was recorded as being 0.8–2.7°C, 1.7–

3.4°C, and 2.3–4.1°C higher, respectively, than 

the temperatures observed in the early 2000s 

(Lv et al., 2018). The northern boundary for 

potential double and triple rice harvests is 

expected to keep moving further north, with the 

area suitable for triple cropping projected to 

reach up to 75% of the total planting area by the 

end of the 21st century (Yang et al., 2015). 

Similarly, the zones suitable for single and 

double cropping are also expected to shift 

northward. Compared to the period from 1961 to 

1990, the areas suitable for single and double-

cropping rice are predicted to expand by 

approximately 500,000 hectares and 6.2 million 

hectares, respectively, by the 2080s. This 

increase in heat availability is likely to lengthen 

the rice growing season and improve flexibility, 

enabling better adaptation strategies for climate-

resilient rice production. 

Negative effects on rice production 

The IPCC Fifth Assessment Report highlights 

that climate change and extreme weather events 

often negatively affect crop yield (Pachauri 

and Meyer, 2014). Future temperature increases 

of 1–3°C are projected to almost certainly 

shorten the rice growing period in China (Tao et 

al., 2008). Specifically, with rises of 1.5°C and 

2.0°C, the growth period for Drought-Resistant 

Rice (DCR) is expected to decrease by 4–8% 

and 6–10%, respectively, while Short-Cycle Rice 

(SCR) may experience about a 2% reduction 

(Chen et al., 2018). Studies combining crop 

models, statistical analyses, and observational 

data estimate that a 1% increase in temperature 

could lead to a 3.2% average decrease in global 

rice production (Zhao et al., 2017). By the end 

of the 21st century, continued warming is 

expected to reduce global rice production by 

3.4% to 10.9%. 

In China, future climate change impacts on 

rice yield are projected to range from a 40.2% 

decrease to a 6.2% increase, with an average 

decline of 10.6%, indicating notable spatial 

variation. Elevated CO2 levels may partially 

offset yield losses caused by climate change; 

however, this compensation might not fully 

counterbalance the adverse effects of high 

temperatures in some regions and scenarios. 

Additionally, increased fluctuations in 

precipitation and temperature could lead to more 

frequent low-yield years (Xiong et al., 2009). 

Effects of Climate Change on Rice 

Phenology and Yield 

Numerous studies have shown that climate 

change significantly affects agricultural productivity 

(Gupta and Mishra, 2019; Houma et al., 

2021). Rising temperatures generally speed up 

crop development, shortening the growth 

duration (Asseng et al., 2015).  
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This study indicates that rising temperatures 

will cause rice to flower and mature earlier, with 

the most significant reduction in the growing 

season anticipated in northeastern and certain 

southwestern regions of China, likely 

attributable to their relatively cooler climates. 

These findings align with previous studies 

(Tao et al., 2013). A multi-model ensemble 

indicates that future climate change will likely 

reduce rice yields across most regions in China, 

even when accounting for CO2 fertilization 

benefits. 

The expected decline in rice production is 

mainly due to a shorter growing season that 

reduces photosynthetic accumulation  rates, heat 

stress impairing photosynthesis beyond optimal 

temperatures, and increased plant respiratory 

losses. The greatest yield decreases around 10% 

under the SSP585 scenario are projected for 

central China’s Yangtze River lower reaches 

(CS2) and southern late rice cropping areas, 

supporting (Zhan et al., 2023). Since 

temperatures in the southern region already 

exceed optimal levels for rice growth during the 

baseline period, further warming poses a serious 

threat to rice cultivation there. 

Adjusting sowing dates is an effective 

adaptation strategy (Minoli et al., 2022), as it 

can improve water use efficiency, crop growth, 

and resilience to climate variability. In the CS2 

and southern late rice regions, shifting sowing to 

cooler periods during the growing season is 

recommended to optimize growing conditions. 

Additionally, introducing heat-tolerant rice varieties 

in these vulnerable areas can help mitigate the 

impacts of extreme heat. Conversely, climate 

change has had positive effects in some regions 

such as the high latitude Northeast (NE), 

elevated southwestern areas (SW), and certain 

early rice siteswhere historically low temperatures 

have been alleviated, reducing cold stress and 

boosting yield (Zhan et al., 2023). These areas 

may offer opportunities to expand rice 

cultivation, helping secure future rice supplies. 

Siddik et al. (2019) emphasized that extreme 

temperatures negatively affect photosynthesis, 

chlorophyll fluorescence, and dry matter 

accumulation, thereby reducing both rice yield 

and quality.  The study found that Heat Stress 

Degree Days (HKDD) and Warm Spell Duration 

Index (WSDI) significantly limited yield in most 

regions. While the overall rise in mean growing 

season temperature benefited rice production in 

Northeast China (NE) (Pu et al., 2020), 

increased HKDD had a detrimental effect, likely 

because NE historically experienced fewer 

extreme heat events and current rice varieties 

lack sufficient heat tolerance. Thus, introducing 

heat-resistant varieties is essential. Beyond 

temperature, solar radiation (Srad) and CO2 

levels also significantly influenced rice yield 

variability, consistent with previous research 

(Chen et al., 2020). Deng et al. (2015) observed 

a negative correlation between solar radiation 

and yield. Vapor Pressure Deficit (VPD) had 

minimal impact in southeastern China due to 

adequate rainfall and irrigation, but yield in NE 

and Southwest (SW) was sensitive to VPD 

increases. The atmospheric and topographical 

conditions in these areas cause uneven or low 

precipitation, increasing drought vulnerability. 

Higher VPD further stresses water availability, 

underscoring the need to improve irrigation 

management during key growth stages in NE 

and SW to balance water supply and demand. 

Responses of Different Rice Cropping 

Systems to Climate Change 

Climate change affects single and double rice 

cropping systems differently. Saud et al. (2022) 

found that warming impacts vary due to differences 

in baseline temperatures and warming magnitude 

across systems. Focusing on the Yangtze River 

regions (CS and CD), which host both single 

and double cropping at similar latitudes,  res ults 

showed a greater decrease in the average 

duration of the active planting period (ADAP) 

and the main development active period 

(MDAP) for single rice cropping system 

compared to double rice cropping system, 

supporting (Lv et al., 2018). This is likely 

because single rice cropping system has a longer 

growing season, making it more susceptible to 

seasonal climate variability and resulting in 

larger yield reductions. However, Ding et al. 

(2019) observed that the growing season 

shortened most markedly for early rice in the 

middle and lower Yangtze River regions 

compared to other rice types.  

Climate change has a greater negative impact 

on late rice yield compared to early rice, even 
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when accounting for CO2 fertilization effects 

(Zhang et al., 2023). This is mainly due to a 

larger reduction in days to flowering and a 

smaller decrease in grain-filling duration for 

early rice relative to late rice. Studies show that 

grain-filling rate negatively correlates with its 

duration (Yang et al., 2008).  

In contrast, the grain-filling and maturation 

stages of late rice are more vulnerable to higher 

temperatures, increasing the risk of heat stress 

and further reducing yields. As a result, early 

rice yields are expected to be more stable under 

future climate change compared to late rice. To 

mitigate these challenges, it is recommended to 

promote early rice cultivation and expand its 

planting area. Additionally, advancing the 

sowing date for early rice and delaying it for late 

rice can help optimize growing conditions. 
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 دراسة مرجعية – الصين في الأرزمحصول وانتاجية  فينولوجيا على الحرارة درجات ارتفاع ثارآ

 2 ايناس صبرى البندارى – 1اسماعيل محمد عبدالحميد  - 1 هبه عبدالمولى

 مصر  – معة الزقازيقجا –العلياالدراسات الأسيوية  كلية -قسم الموارد الطبيعية والبيئية  -1

 مصر  – جامعة الزقازيق – دابالآكلية  – الجغرافياقسم  -2

 النةاجم  الصةي،  فة  الأرز وانتاجيةة محصةو  فينولوجيا على الحرارة درجات ارتفاع تأثير  الدراسة المرجعية تستهدف

 فة  سةيما لا الحةرارة  درجةات لتغيةرات الحساسية شديد الأساسية  المحاصيل أهم أحد باعتباره الأرز  يعُد. المناخ تغير ع،

الدراسةة  هةهه مة، الرئيسة  الهةدف كةا . الحةرار  الاحتبةا   نتيجةة   المثلةى النمةو ظةروف فيهةا تتغير الت زراعته و مناطق

 ع يةالتفر الإنبةات ) المختلفةة الأرز نمو مراحل على الحرارة درجات ارتفاع تأثير كيفية حو  معلومات تجميع وه المرجعية

 مةد  علةى أجُريةت التة  للدراسةات النتةائج أهةم علةى الضةو  الدراسةة ههه سلطت .الأرز إنتاجيته وعلى( والنضج الإزهار 

 وقد. الأرز فينولوجيا وتغير الحرارة درجات ارتفاع بي، وثيقة علاقة وجود على تؤكد والت ( 2025-2015) الماض  العقد

ع الحةرارة درجات ارتفاع أ  ثبت ا ويسُةب   الخضةر النمةو  مراحةل مة، ويقُلةل النمةو  يسُةرع ا إزهةار   فةن  ذلة،  ومةع. مبكةر 

 محصةةو  انخفةا  إلةى يةؤد  الحبةةوب  وامةتلا  الإزهةار وخاصةة    فة  الأرز الحساسةةة المراحةل خةلا  الحةرار  الإجهةاد

 أظهةرت ذلة،  إلةى بالإضةافة. الصةي،  مة، والشةرقية الجنوبيةة المنةاطق فة  خةا  بشةكل شةديد ا التةأثير هةها ويكو . الأرز

 تغييةر للحةرارة  متحملةة أرز أصناف زراعة مثل المناخ  تغير مع التكيف استراتيجياتام استخد يمُك، كيف الدراسة الحالية

. السةلبية الآثةار هةهه مة، التخفيف ف  تسُاعد أ  والت  يمك، الآفات مكافحة ممارسات الر   أنظمة تحسي، الزراعة  مواعيد

 المنةاطق فة  سةيما لا الحةرارة  درجةات ارتفةاع مةع الأرز زراعةة تكيةف فة  تحديات هناك تزا  لا المبهولة  الجهود ورغم

ا الراهنة الدراسة وأشارت .المناخية للتغيرات عُرضة الأكثر  منطقة لكل ومخصصة شمولا   أكثر أبحاث إلى الحاجة إلى أيض 

 الكربةةو   أكسةةيد ثةةان  ومسةةتويات بةةة التر رطوبةةة مثةةل الأخةةر   البيئيةةة العوامةةل مةةع الحةةرارة درجةةات تفاعةةل كيفيةةة لفهةةم

يجة  أ  ترُكعةز الأبحةاث المُسةتقبلية علةى تطةوير  .الأرز إنتةا  علةى السةلبية الآثةار تفُةاقم قةد والتة   الشاذة الجوية والظواهر

لتغيرات درجات الحةرارة علةى إنتاجيةة الأرز  بمةا فة  ذلة، تفاعلاتهةا مةع  الشاملنماذ  أكثر تحديد ا لكل منطقة لفهم التأثير 

العوامل البيئية الأخر . ويتعيع، على واضع  السياسات والمزارعي، العمل بشكل تعاون  لتنفيه اسةتراتيجيات تكيعفيةة لحمايةة 

الحةرارة فة  الصةي، يشةكل تحةديات إنتا  الأرز ف  مواجهة ارتفاع درجات الحرارة. وف  الختام  ورغم أ  ارتفاع درجات 

كبيرة لزراعة الأرز  فن  استراتيجيات التكيف الاستباقية والقائمة على العلم  بدعم م، البحث المستمر  يمك، أ  تساعد فة  

 .العالم مستقبليا  التخفيف م، ههه المخاطر وضما  استدامة زراعة الأرز ف  

 ــــــــــــــــــــــــــ

 :المحكمـــــون
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