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It is crucial to elucidate the impact of climate change on wheat production in China. This
article provides a review of the current climate change scenario and its eûects on wheat
cultivation in China, along with an examination of potential future impacts and possible
response strategies. Against the backdrop of climate change, several key trends emerge:
increasing temperature during the wheat growing season, raising precipitation, elevated
CO2 concentration, and diminished radiation. Agricultural disasters primarily stem from
oscillations in temperature and precipitation, with the northern wheat region being mostly
aûected. The impact on wheat production is manifested in a reduction in the area under
cultivation, with the most rapid reduction in spring wheat, and a shift in the centre of
cultivation to the west. Furthermore, climate change accelerates the nutritional stage and
shortens phenology, causing increased yields in northern areas. While future climate
change may stimulate wheat yield potential, it could cause climate-induced issues such as
weeds, diseases, and pests worsen, thereby posing challenges to the sustainability of
farmland. To cope with climate change, this article suggests regional ecological
construction of farmland, breeding of high-resistance and high-yield varieties, adopting
advanced agricultural management techniques, introducing biological control of new
species through scientiûc introduction, and establishing monitoring and early warning
systems. These measures aim to increase the resilience of farmland to environmental
stress, improve its sustainability and fertility, reduce pests and weeds, actively respond to
extreme weather events, and provide real-time monitoring of the aûected area and the
recovery status of farmland.
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14 ABSTRACT

15 It is crucial to elucidate the impact of climate change on wheat production in China. This 

16 article provides a review of the current climate change scenario and its effects on wheat 

17 cultivation in China, along with an examination of potential future impacts and possible response 

18 strategies. Against the backdrop of climate change, several key trends emerge: increasing 
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19 temperature during the wheat growing season, raising precipitation, elevated CO2 concentration, 

20 and diminished radiation. Agricultural disasters primarily stem from oscillations in temperature 

21 and precipitation, with the northern wheat region being mostly affected. The impact on wheat 

22 production is manifested in a reduction in the area under cultivation, with the most rapid 

23 reduction in spring wheat, and a shift in the centre of cultivation to the west. Furthermore, 

24 climate change accelerates the nutritional stage and shortens phenology, causing increased yields 

25 in northern areas. While future climate change may stimulate wheat yield potential, it could 

26 cause climate-induced issues such as weeds, diseases, and pests worsen, thereby posing 

27 challenges to the sustainability of farmland. To cope with climate change, this article suggests 

28 regional ecological construction of farmland, breeding of high-resistance and high-yield 

29 varieties, adopting advanced agricultural management techniques, introducing biological control 

30 of new species through scientific introduction, and establishing monitoring and early warning 

31 systems. These measures aim to increase the resilience of farmland to environmental stress, 

32 improve its sustainability and fertility, reduce pests and weeds, actively respond to extreme 

33 weather events, and provide real-time monitoring of the affected area and the recovery status of 

34 farmland.

35 Key words: Climate change; Yield; Nutritional stage; Planting area

36

37

38

39

PeerJ reviewing PDF | (2024:04:99665:0:3:NEW 12 Jun 2024)

Manuscript to be reviewed



40

41 INTRODUCTION

42 The ongoing global warming trend persists, with the period between 2015 and 2022 

43 registering as the warmest eight years within the span of the 19th and 20th centuries. And 2022 

44 stands out as one of the warmest three years witnessed thus far in the 21st century. Meanwhile, 

45 China's annual average surface temperature has been rising at a rate of 0.26°C/10 years (1951-

46 2020), an increase of about 1.8°C from 1951 to 2020, and an increase of 0.92°C from 2021 to 

47 2022 (National Climate Centre, 2023). The rise in temperature is accompanied by the melting of 

48 frozen ground and rising sea levels, thereby augmenting the propensity for compounded extreme 

49 weather occurrences, resulting in substantial regional rainfall and ecological aridity (Peterson et 

50 al.,2008). The year 2021 saw a delayed and subdued onset of the rainy season in the southern 

51 regions of China, juxtaposed with an early and intensified manifestation in the northern 

52 territories, with Zhengzhou, Henan receiving 552.5 mm of rainfall. The frequency of extreme 

53 high temperature events in China has shown a significant increasing trend (1961-2022), with 

54 2022 registering the highest frequency of such events since 1961. These observed climatic shifts 

55 predominantly attribute to human emissions of greenhouse gases, with a contribution rate of 76% 

56 (Gray, 2007). Therefore, encompasses multifaceted challenges including temperature elevation, 

57 intensified precipitation, ecological aridity, and heightened CO2 concentrations, all of which 

58 intricately intertwine with crop production dynamics, thereby engendering considerable risks to 

59 the stability of crop yields.

60 Wheat is one of China's most important staple crops, with the second largest planted area 

61 after maize and rice in 2019 and a total yield of 1.3360×108 t, accounting for 20.1% of total 

62 cereal production (Huang et al., 2017). Statistical data reveal a discernible contraction in 
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63 cultivated acreage, witnessing a reduction of 9.38×105 hectares between 2016 and 2019. 

64 Although the total yield continued to increase, the growth rate slowed down (Huang et al., 2017; 

65 Zhang et al.,2023). Therefore, the diminishing cultivated area emerges as a pivotal constraining 

66 factor influencing aggregate wheat production (Zhao et al., 2018). Breaking the wheat mono-

67 yield barrier to achieve ultra-high yields is crucial to ensure wheat food security. Moreover, 

68 against the background of global climate change, the pursuit of enhanced yield thresholds 

69 encounters heightened challenges (Dan et al.,2024; Zhang et al.,2021). Thus, elucidating the 

70 contemporary and prospective ramifications of climate change on indigenous wheat cultivation 

71 ecosystems and yields assumes pivotal significance. Such attempts not only provide a theoretical 

72 underpinning for realizing ultra-high wheat productivity but also furnish cogent insights for 

73 climate change appraisal frameworks.

74 SURVEY METHODOLOGY

75 The primary retrieval tools used for our research are Google Scholar and the China National 

76 Knowledge Infrastructure (CNKI) database, with a few Chinese articles being retrieved from the 

77 latter. The objective of this paper is to provide a comprehensive literature review on the impact 

78 of climate change on wheat in China. Firstly, we reviewed the effects of climate change on wheat 

79 by conducting a search for relevant literature abstracts using the keywords "China wheat" and 

80 "climate" in the past three years. Based on relevance, we initially outlined the review from both 

81 current and future perspectives of climate change on Chinese wheat. Next, we expanded the 

82 search terms to include "China wheat," "climate," "temperature," "carbon dioxide," "radiation," 

83 "yield," "growth and development," and conducted a selection of literature from the past five 

84 years. After selecting abstracts, we will download full-text articles for further review to 

85 determine the positive or negative impacts of climate on wheat production in China. In addition, 
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86 we have selected some highly cited but older publications as theoretical foundations or 

87 references.Our literature selection process was conducted objectively and impartially, taking into 

88 account the publication status of the literature. For example, in light of the lack of recent 

89 literature regarding wheat phenology and different wheat regions in China, we included papers 

90 from 2018 and 2019. The objective of this paper is to provide a comprehensive and objective 

91 review of how Chinese wheat responds to climate change. When selecting keywords, all the 

92 terms were used in conjunction with "China" to focus the search specifically on China rather than 

93 other regions. Additionally, given the abundance of wheat research within China, we utilized the 

94 CNKI database, the largest Chinese-language database, to select a portion of the literature. 

95 However, it should be noted that these selected papers are globally accessible and constitute only 

96 a small proportion of the overall review.

97 EFFECTS OF CLIMATE CHANGE ON THE WHEAT GROWING ENVIRONMENT

98 Characteristics of climate change

99 Greenhouse gas emissions have accelerated the rise in global temperatures (Valone 2021). If 

100 global temperatures rise by 1.5°C, the average temperature during the winter wheat growth 

101 period will increase by 0.6-1.4°C; if temperatures rise by 2.0°C, the average temperature during 

102 the growth period will increase by 0.9-1.8°C. For different wheat areas, the temperature increase 

103 is greater in spring wheat areas than in winter wheat areas, with the southwest wheat area 

104 showing a greater difference than the northern wheat area (Ye et al.,2020; Wang et al.,2023; 

105 Yang et al.,2023). Among the winter wheat areas, Xinjiang emerges as the locus of the most 

106 substantial temperature rise, juxtaposed with the northwestern winter wheat areas recording 

107 comparatively modest increases. Notably, the Southwest Winter Wheat Area and the Huang-
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108 Huai Winter Wheat Area exhibit the largest and smallest temperature changes within the winter 

109 wheat ambit, respectively (Sun et al., 2018). The smallest winter wheat area has an annual 

110 temperature increase of 0.43°C, 0.35°C and 0.54°C for average, maximum and minimum 

111 temperature, respectively (Chen et al., 2018; Sun et al., 2024). In the spring wheat area (2002-

112 2018), discernible escalations are observed in both average and minimum temperatures, with no 

113 significant interannual difference in the highest temperature, especially from the flowering to the 

114 ripening period (Ye et al., 2021). It is evident that climate change has increased the average 

115 temperature in domestic wheat areas, with differences between spring and winter wheat areas, 

116 and a greater impact on spring wheat areas than on winter wheat areas.

117 Climate change can lead to heavy regional precipitation and ecological drought (Peterson et 

118 al., 2008). In China, relative precipitation levels during the wheat growing season (2006-2010) 

119 exhibited a notable increase of 9.1-11.3% compared to the historical period spanning from 1986 

120 to 2005 (Sun et al., 2018). However, discernible trends indicate a slight decrement in annual 

121 precipitation across the central and eastern regions of China (1961-2017) (Song et al., 2019). For 

122 wheat areas, the increase in precipitation is slightly greater in spring wheat areas than in winter 

123 wheat areas. Except for the Xinjiang spring wheat area, all spring wheat regions observed 

124 heightened precipitation levels, with the northern spring wheat area registering the most 

125 substantial increment. In the winter wheat area, with the exception of the northern winter wheat 

126 area and select locales in the central and western regions, an overall uptick in precipitation was 

127 observed, with the largest increase in the Huang-Huai winter wheat area  (Sun et al., 2018; Nie et 

128 al., 2019). Evidently, climate change has engendered spatially and temporally changes in 

129 precipitation, with spring wheat territories witnessing a comparatively greater increase in 

130 precipitation than their winter wheat counterparts.
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131 Climate change also affects factors such as solar radiation and CO2 concentrations (Peterson 

132 et al., 2008; Gray, 2007). Due to the large amount of pollutants emitted into the air by human 

133 activities (Xiong et al., 2012), solar radiation in China decreased by about 0.23 W/(m2·yr) from 

134 1960 to 2000 (Tang et al., 2011). China's atmospheric CO2 concentration was about 365 ppm in 

135 2000, and it exceeded 400 ppm in 2016 (Deng et al., 2020), an increase of 9.6%. This dual trend 

136 of rising CO2 concentrations alongside diminished solar radiation underscores the impact of 

137 climate change on these pivotal environmental parameters.

138 In summary, the ramifications of climate change extend to an elevation in average 

139 temperatures across domestic wheat-growing regions, an erratic spatial and temporal 

140 precipitation pattern, augmented CO2 concentrations, reduced solar radiation, and a 

141 disproportionately greater impact on spring wheat territories. Considering the interaction of these 

142 changes, climate change presents substantial challenges to the cropping system, growth 

143 processes, and the stability and enhancement of wheat yields.

144 Characteristics of agricultural meteorological disasters

145 There are many agricultural meteorological disasters affecting wheat, including drought, hail, 

146 heavy rain, high temperature and frost damage, with drought and frost damage being the most 

147 important meteorological disasters (Gray, 2007; Ye et al., 2020; Zou et al., 2021). Between 1991 

148 and 2009, agricultural meteorological observation stations documented 5902 instances of wheat-

149 related disasters, with natural disasters due to abnormal precipitation being the most common, 

150 followed by temperature. High temperatures and low rainfall l leading to drought accounted for 

151 79.2% of the total disaster occurrences, while excessive precipitation contributed to 4.0%, and 

152 frost damage accounted for 1.32% (Zhang et al., 2013). On average, approximately 4.3×107 

153 hectares of land are affected annually by these natural disasters. Notably, the collective impact of 
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154 floods, droughts, and frosts covers an average annual area of 3.6×107 hectares (Jiang et al., 

155 2016). These observations underscore the primary role of precipitation and temperature 

156 fluctuations in precipitating agricultural meteorological disasters across the nation.

157 In terms of regions, the Northern Wheat Region is a meteorological disaster-prone area, with 

158 Gansu being the most affected province (Zhang et al., 2013), with the most affected provinces 

159 being Heilongjiang, Shandong and Henan, and the least disaster resilient provinces being Shanxi 

160 and Inner Mongolia (Yu et al., 2017). The spatial pattern of disasters from 1950 to 2013 shows 

161 that there are more flood disasters in the middle and lower reaches of the Yellow River and the 

162 Yangtze River basin, while drought is more common in the North China Plain and the Loess 

163 Plateau (Zhang et al., 2013). The central and south-western regions have more drought (Guan et 

164 al., 2015), while the north-western region has more frost damage and the north-eastern region 

165 has more drought (Yu et al., 2017). This spatial disparity in meteorological disasters highlights 

166 the Northern Region as a high-risk area, delineating significant regional variations in 

167 vulnerability.

168 The frequency of disasters in the wheat reproductive stage is higher than in the nutritional 

169 stage (Hussain et al., 2016). From 1991 to 2009, the disaster rate before jointing was 25.1%, 

170 which increased to 74.9% after jointing. Among the disaster types, 72% of drought, 88.1% of 

171 heavy rain and 100% of high temperature disasters occurred during the reproductive stage. 

172 Therefore, anomalies in atmospheric circulation resulting in uneven rainfall distribution (Jiang et 

173 al., 2016) and frequent extreme temperatures (Guan et al., 2015), as well as the spatial diversity 

174 of disasters, are more prevalent in the reproductive stage. This situation calls for strengthening 

175 the resilience and adaptability of wheat varieties, alongside the implementation of innovative 

176 field management strategies during the later stages of growth.
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177 EFFECTS OF CLIMATE CHANGE ON WHEAT PRODUCTION

178 Impact on wheat phenology

179 Both winter and spring wheat, as well as different wheat regions, respond differently to 

180 climate change, resulting in differences in phenology (Valone, 2021; Ye et al., 2020; Inouye 

181 2022; Wang et al., 2022). The phenology of both winter and spring wheat increases with 

182 increasing precipitation, with winter wheat being more sensitive to precipitation. Winter wheat 

183 phenology decreases with increasing mean temperature, while spring wheat phenology shows the 

184 opposite trend (Wang et al., 2022). The response of wheat regions to climate is reflected in area 

185 and centre of gravity, with significant effects of precipitation and temperature on area, 

186 contributing 11.1-13.1% and 9.7-14.1% respectively (Fan et al., 2018; Tao et al., 2014; Liu et al., 

187 2018). Temperature has a significant effect on the centre of gravity, with a positive drive for 

188 winter wheat and the opposite for spring wheat. From 1949 to 2014, the planting area 

189 experienced a turning point in the 1970s, with a decrease rate of 0.89×104 and 1.99×104 ha·a-1 

190 for winter wheat, and an increase rate of 0.27×104 ha·a-1 followed by a decrease rate of 

191 8.46×104 ha·a-1 for spring wheat. The centre of gravity of planting shifted 31 km from Henan to 

192 the northwest for winter wheat and 692 km from Inner Mongolia to the southwest for spring 

193 wheat (Valone, 2021; Liu et al., 2018). It is evident that climate change has led to a shortened 

194 phenology, resulting in a reduction in wheat area and a shift of the centre of gravity to the west.

195 Climate change has accelerated the growth process of wheat (Zhao et al., 2018; Yang et al., 

196 2023; Sun et al., 2018). From 1981 to 2010, climate change led to earlier flowering and maturity 

197 (Inouye, 2022), resulting in a 0.23 d·a-1 shortening of the nutritional stage and 0.06 d·a-1 

198 lengthening of the reproductive stage (Wang et al., 2022). In 2010, the nutritional stage was 

199 shortened by 6.9 days and the reproductive stage was lengthened by 1.8 days. Different growth 
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200 stages of wheat were affected differently: the sowing, emergence and three-leaf stages were 

201 delayed by 0.19 d/a, 0.06 d/a and 0.05 d/a respectively, while the tillering, jointing, booting, 

202 heading, flowering and ripening stages were advanced by 0.02 d·a-1, 0.15 d·a-1, 0.17 d·a-1, 0.19 

203 d·a-1 and 0.10 d·a-1 respectively (Wang et al., 2022). It is evident that climate change has led to a 

204 shortening of the phenology and an acceleration of the growth process.

205 In summary, climate change has led to a reduction in area and a shift in the centre of gravity, 

206 with a much higher rate of reduction in spring wheat area than in winter wheat. This has led to 

207 uncertainty about investment in agricultural infrastructure. The shortened phenology and 

208 accelerated growth stages pose new challenges for wheat variety breeding and field management.

209 Impact on the wheat management system

210 Adaptive management of wheat fields can mitigate the negative effects of climate change 

211 (Dan et al., 2024; Valone, 2021; Ye et al., 2021). Field irrigation can increase the temperature 

212 tolerance of wheat (Liu et al., 2021). Irrigation reduces the stress of high temperatures during 

213 wheat growth and improves water use efficiency. Water use efficiency in the central region 

214 increased by 34.2%, and with rising temperatures, water use efficiency also increased, especially 

215 in dry years (Wu et al., 2020). Spring wheat uses redundant growth during the nutritional stage to 

216 cope with temperature increases during the reproductive stage. Controlling the timing and 

217 amount of irrigation can reduce this redundancy and also help to alleviate the stress of high 

218 temperatures (Bai et al., 2021). In the Hetao region, delaying the heading stage by 15 days and 

219 applying 50-70 mm of irrigation resulted in increased yields and incomes (Bai et al., 2020). The 

220 sowing date can alter the accumulated temperature of wheat, thereby regulating its growth and 

221 development (Dreccer et al., 2013; Shang et al., 2023). Late sowing of winter wheat reduces the 
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222 pre-winter accumulated temperature, delays tillering during the seedling stage and consequently 

223 delays flowering, with the optimum late sowing being 5-7 days (Ren et al., 2019; ). 

224 Early sowing of spring wheat can extend the growth period of wheat (nutritional stage, 

225 reproductive stage) and reduce the average temperature during the growth stages to cope with 

226 rising temperatures (Xiao et al., 2016; Li et al., 2022). In addition, greenhouse gas emissions can 

227 be reduced through the timing and amount of fertiliser application, combined application of 

228 organic and inorganic fertilisers and other methods (Lyu et al., 2019; Li et al., 2023), while soil 

229 management practices can reduce carbon footprints and mitigate climate change impacts (Zhang 

230 et al., 2021; Shang et al., 2023). Therefore, it is evident that field management practices such as 

231 irrigation, sowing dates, fertilisation and tillage can adjust wheat growth and development or 

232 greenhouse gas emissions and thus serve the purpose of addressing climate change.

233 Effects on wheat grain yield

234 External environmental changes such as temperature, precipitation, CO2 and radiation have 

235 been identified as pivotal determinants shaping yield dynamics (Peterson et al., 2008; Gray, 

236 2007; Zhao et al., 2018; Zhang et al., 2021; Lyu et al., 2019; Li Y.et al., 2023; Li S et al., 2023). 

237 From 1981 to 2009, wheat yields in the northern regions exhibited an increment ranging from 

238 0.9% to 12.9%, juxtaposed with a decrease ranging from 1.2% to 10.2% observed in the southern 

239 regions (Tao et al., 2014). An increase in temperature is beneficial for the accumulation of 

240 organic matter during the grain filling period, leading to an increase in yield (He et al., 2020). 

241 Specifically, a temperature elevation of 1.5°C corresponds to a yield increase of 2.8%, while a 

242 2.0°C rise yields an 8.3% increment (Wang et al., 2023). Wheat yield variability is influenced by 

243 rainfall in May, with 70-78% of the variability attributed to precipitation. Excessive precipitation 

244 weakens photosynthesis during the grain filling period and can induce Fusarium head blight, 
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245 which reduces grain quality (Song et al., 2019). It is evident that precipitation exerts a significant 

246 impact on both flowering and grain-filling phases, with diminished precipitation correlating with 

247 reduced yields  (Yu et al., 2018; Geng et al., 2023). Reduced radiation contribute to yield 

248 reduction, albeit partially mitigated by increased CO2 concentrations (Xiong et al., 2012). 

249 Conclusively, the multifaceted effects of climate change manifest both positive and negative 

250 repercussions on yield dynamics, culminating in augmented production in northern regions 

251 juxtaposed with diminished output in southern regions.

252 Winter and spring wheat varieties exhibit high sensitivity to temperature fluctuations, albeit 

253 with discernible differences in their yield response dynamics (Wang et al., 2022; Fan et al., 2018; 

254 Tao et al., 2014; Liu et al., 2018; Ren et al., 2019; Wang et al., 2023; Xiao et al., 2016; Li et al., 

255 2022). From 1980 to 2000, an increase in temperature promoted an increase in wheat yield, with 

256 an increase of 1.4-9.6%. After 2000, the effect of temperature increase on yield varied between 

257 regions (Wang et al., 2022), with an average temperature increase of 1# leading to a yield 

258 increase of 2.1% in the north and a yield decrease of 4.0% in the south. The critical temperature 

259 for the average temperature during the growing season is 8.6°C, with a decrease in yield when 

260 the temperature exceeds this threshold and an increase in yield when the temperature is below 

261 the threshold (Valone, 2021; Chen et al., 2018; Ye et al., 2021). Evidently, the escalating 

262 temperatures have engendered divergent impacts on winter and spring wheat yields across 

263 geographical regions, winter wheat and spring wheat yields have increased in the north, while 

264 winter wheat yields have decreased in the south.

265 In summary, the impact of climate change has resulted in amplified production of northern 

266 winter (spring) wheat while concurrently precipitating diminished production of southern winter 

267 wheat (Xiao et al., 2016). However, it is imperative to acknowledge that winter wheat 
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268 encompasses a substantial majority, ranging between 93.6% and 95.3%, of China's aggregate 

269 wheat output (Huang et al., 2017). Consequently, the contemporary challenge lies in the pursuit 

270 of attaining heightened yields in northern wheat territories alongside the imperative of ensuring 

271 stable yields in southern winter wheat regions.

272 IMPACTS OF FUTURE CLIMATE CHANGE ON WHEAT PRODUCTION

273 Favourable effects

274 Future climate change is expected to be more severe, characterized by sustained elevations in 

275 average temperature and CO2 concentration, alongside exacerbated spatial and temporal 

276 variability in precipitation patterns (National Climate Centre, 2023; Peterson et al., 2008; Gray, 

277 2007; Ye et al., 2021; Tao et al., 2014; Qin et al., 2015; Prodhan et al., 2022). By the mid-21st 

278 century, it is anticipated that temperatures will escalate by 1.2-2.2°C by 2045 and by 1.5-3.8°C 

279 by 2085, precipitating a further contraction of the growing season (Xiao et al., 2018; Wang et al., 

280 2024). By 2050, the nutritional phase is expected to be shortened by 6.25 days (Wang et al., 

281 2022), while the reproductive phase will be lengthened by 1.5 days (He et al., 2015), resulting in 

282 an overall shortening of the growth period. However, empirical investigations have delineated a 

283 critical threshold for the nutritional stage shortening at 14 days, below which the impact on 

284 wheat production remains statistically insignificant (Rezaei et al., 2015; Riedesel et al., 2023). 

285 Lengthening the reproductive stage allows wheat to accumulate more organic matter, which 

286 increases grain weight. It is clear that forthcoming climate change will precipitate a compression 

287 of phenological stages and a further acceleration of the growth process (Saddique et al., 2020; 

288 Zhang et al., 2021).

PeerJ reviewing PDF | (2024:04:99665:0:3:NEW 12 Jun 2024)

Manuscript to be reviewed

hendm
Comment on Text
not a wide range to present it this way! about 94% of china's wheat output

hendm
Comment on Text
Why repeating in this section in particalr, consistency!

hendm
Cross-Out

hendm
Comment on Text
Significant?

hendm
Comment on Text
ultimately it is 4 days!

hendm
Comment on Text
so your numbers in the previous sentnce don't worth mentioning as it is out of significance!



289 In addition, precipitation is expected to increase by more than 75% over the next 30-50 years 

290 (Xiao et al., 2018). This anticipated increase holds promise in mitigating the impact of drought 

291 while fostering heightened water utilization during the growing season in northern regions, 

292 consequently engendering a projected yield increase ranging between 3.2% and 4.1% per unit 

293 area (Geng et al., 2019). In southern regions characterized by substantial non-agricultural water 

294 consumption, the curtailed availability of irrigation water is expected to stimulate improvements 

295 in water use efficiency (Xiao et al., 2018). Moreover, the escalating concentration of CO2 in the 

296 atmosphere is expected to alleviate competition between wheat and other crops such as soybeans 

297 and maize, thereby expanding opportunities for intercropping and partially counteracting 

298 reductions in cultivated area (Geng et al., 2019; Abdalla et al., 2020; Hao et al., 2019; Long et 

299 al., 2010; Deng et al., 2022).

300 Adverse effects

301 The increase in temperature leads to an earlier and longer reproductive stage, making it more 

302 susceptible to heat stress in the later stages (Chen et al., 2016; He et al., 2022). Furthermore, the 

303 temperature rise augments the potential for evapotranspiration, thereby diminishing soil moisture 

304 availability, particularly in arid and semi-arid regions, consequently engendering yield losses (Ju 

305 et al., 2013). In addition, the significant increase in global precipitation will further increase the 

306 unevenness of its spatial and temporal distribution (Peterson et al., 2008; Gray, 2007; Sun et al., 

307 2018; Song et al., 2019; Nie et al., 2019), increasing the occurrence of floods and droughts (Ren 

308 et al., 2012). Perennial rainfall may exacerbate pest and disease incidences, while the reduction 

309 of irrigation in southern regions is anticipated to curtail yield per unit area (Xiong et al., 2010; 

310 Liu et al., 2022). The increase in CO2 concentration will increase the intercrop index and 

311 increase weed growth (Altieri et al., 2015; Amoak et al., 2022), potentially leading to a rapid 

PeerJ reviewing PDF | (2024:04:99665:0:3:NEW 12 Jun 2024)

Manuscript to be reviewed

hendm
Comment on Text
but high precipitation rates could lead to water logging which is another threat to plant growth and also increase pathogen activity!

hendm
Comment on Text
elaborate!



312 decline in soil fertility (Ramankutty et al., 2002; Pal et al., 2022). Extreme droughts may 

313 exacerbate soil moisture depletion, further exacerbating the challenges faced by wheat 

314 production (Tao et al., 2003). It is clear that climate change is not conducive to the sustainability 

315 of wheat production.

316 PROBLEMS AND PROSPECTS

317 The increase in temperature and CO2 concentration (Gray, 2007; Valone, 2021), the increase 

318 in precipitation (Peterson et al., 2008) and the uneven spatial and temporal distribution of 

319 precipitation (Sun et al., 2018; Nie et al., 2019) resultant from climate change, directly impinge 

320 upon wheat phenology (Wang et al., 2022; Fan et al., 2018; Tao et al., 2014; Liu et al., 2018) and 

321 photosynthetic processes (Song et al., 2019; He et al., 2020), exacerbate the stress of agricultural 

322 adversities on growth and development (Wan et al., 2022), and causes differences in grain 

323 quality (Ji et al., 2023). In addition, climate change exerts indirect influences on wheat 

324 production through its repercussions on pest and disease dynamics (Altieri et al., 2015), weed 

325 growth, soil nutrients and other factors (Kaur et al., 2022). 

326 Furthermore, the contraction of the wheat sown area, particularly for spring wheat, and the 

327 concomitant truncation of the nutritional stage, precipitating a commensurate diminution in 

328 phenological duration, have culminated in yield reductions (Tao et al., 2014). The increase in 

329 production in the north and the decrease in production in the south due to climate change have 

330 increased the production potential, but reduced sustainability (Saddique et al., 2020).

331 Hence, the imperative for regional ecological refinement of farmland emerges, not only as a 

332 conduit for catalyzing agricultural modernization (Rai et al., 2023) but also as a mechanism for 

333 bolstering the self-regulatory capacities inherent within agricultural systems (Xu et al., 2022). 
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334 The adoption of high-resilience cultivars coupled with judicious cultivation practices stands 

335 poised to underpin the attainment of ultra-high yields (Zubair et al., 2023). Additionally, the 

336 integration of biological control methodologies holds promise in mitigating yield losses 

337 attributed to pestilence and weed proliferation (Baker et al., 2020). Moreover, the institution of a 

338 meticulously crafted scientific monitoring and early warning framework emerges as 

339 indispensable for safeguarding agricultural productivity (Yu et al., 2022).

340 Regional ecological construction

341 Agricultural shelterbelts are an indispensable part of agricultural ecological construction (Shi 

342 et al., 2011). Within shelterbelts, the wind speed at 2 metres above the ground is reduced by 10-

343 20% at a distance of 20-150 metres from the shelterbelt (Ujah et al., 1984). Such mitigation 

344 facilitates enhanced soil water retention, curtails soil evaporation rates, and augments soil 

345 moisture availability (Zhu et al., 2021), thus mitigating drought stress in wheat cultivation (Wang 

346 et al., 2023; Chen et al., 2018). Furthermore, shelterbelts serve as a sink for CO2 absorption, 

347 thereby mitigating the pace of climate change (Li et al., 2023). Shelterbelts accelerate the 

348 decomposition of organic matter, fostering an enrichment in soil organic matter levels, 

349 particularly polysaccharide fractions, and thus contribute to the restoration of soil fertility 

350 (Dhillon et al., 2017; Vicente et al., 2023). Evidently, shelterbelts can improve the resilience and 

351 and sustainability of agricultural landscapes.

352 Breeding superior varieties and appropriate agronomic practices

353 Breeding superior varieties is an effective way to improve crop resistance to environmental 

354 stresses and increase yields (Mondal et al., 2021). Confronted with the climate change, there 

355 arises an imperative to develop cultivars endowed with robust traits such as heat tolerance, 
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356 drought resistance, flood resilience, and pest resistance, alongside heightened photosynthetic 

357 efficiency (Peterson et al., 2008; Gray, 2007; Sun et al., 2018; Nie et al., 2019). It is also 

358 necessary to conduct targeted breeding based on the characteristics of different regions (Mondal 

359 et al., 2021). For example, in southern Xinjiang, where 80% of wheat fields are intercropped 

360 with fruit trees, shade-tolerant varieties need to be bred (Li et al., 2019). For instance, in southern 

361 Xinjiang, where 80% of wheat cultivation occurs in tandem with fruit tree intercropping systems, 

362 there arises a necessity for the development of shade-tolerant varieties (Xiong et al., 2010). Crop 

363 management techniques can regulate wheat growth and development to achieve stable and 

364 increased yields (Clegg et al., 2022; Ferreira et al., 2021). It is clear that the strategic deployment 

365 of highly resistant cultivars and targeted crop management can ensure stable and increased 

366 yields.

367 Biological control techniques

368 Biological control, a versatile technology, holds significant promise across various 

369 agricultural domains (Yu et al., 2022; Ferreira et al., 2021). Increasing biodiversity, such as 

370 birds, bees, butterflies, spiders, etc., serves to mitigate the deleterious impact of pests and 

371 diseases on crop yields while enhancing yield stability (Perennes et al., 2023). The Global 

372 Catalogue of Biological Controls shows that 55% of biological controls achieve the objective of 

373 weed control (Schwarzländer et al., 2018; Schaffner et al., 2020). However, it is imperative to 

374 acknowledge the concomitant risk of biological invasion (Ray et al., 2020). Evidently, the 

375 strategic enhancement of species diversity coupled with judicious scientific introductions of 

376 novel species for biological control represents a potent avenue for addressing the challenges 

377 posed by climate change.
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378 Scientific Monitoring and Early Warning System

379 The climate monitoring and early warning system is constantly developing and adopting new 

380 technologies and methods, which is an important measure to cope with climate change (Ginkel et 

381 al., 2021). The establishment of single monitoring and early warning systems for drought, high 

382 temperature and frost can improve the accuracy of the system (Howe et al., 2022). In addition, 

383 satellite remote sensing and geographic information systems can provide real-time feedback on 

384 areas affected by crop disasters and recovery conditions (Adedeji et al., 2020). Therefore, 

385 climate monitoring and early warning systems combined with crop disaster situations assumes 

386 paramount importance for agricultural resilience.

387 In conclusion, the impact of climate change on wheat production is complex, engendering 

388 both positive and negative outcomes. Addressing these challenges necessitates a comprehensive 

389 approach, encompassing regional ecological engineering, breeding of superior varieties, 

390 biological control techniques, and a scientific monitoring and early warning system. These 

391 concerted measures hold the potential to stabilize and enhance wheat production in the face of 

392 climate change.
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723 The escalating trend of global climate warming, characterised by rising temperatures 

724 and increased carbon dioxide concentration, has resulted in the frequent occurrence of 

725 extreme compound weather events, which present significant challenges to crop 

726 production. Concurrently, the area planted with wheat in China has been gradually 

727 declining. The stability of yield and supply is primarily dependent on the ability to 

728 consistently achieve a higher yield per unit area. However, this balance is easily 

729 constrained by climatic conditions. Consequently, it is of paramount importance to 

730 accurately assess the response of global climate change and Chinese wheat to these changes 

731 in order to maintain the stability of wheat production in China, a populous nation. 

732 Furthermore, the strategies proposed in this paper for Chinese wheat under climate change 

733 provide theoretical foundations for ensuring the security of global wheat production. The 

734 research findings are also highly promising. The analysis indicates that the most significant 

735 impacts on Chinese wheat are due to increasing temperatures and precipitation, which 

736 result in shortened phenological phases and a westward shift in planting centres. 

737 Ultimately, this leads to an increase in wheat yield potential, although it is necessary to 

738 address the issue of weeds and pests. These conclusions are of significant importance for 

739 the prediction of Chinese wheat production and offer crucial references for both major 

740 wheat-producing nations and populous consumer countries globally. In addition, measures 

741 such as high-resistance varieties, high-standard farmland construction and the 

742 establishment of monitoring systems not only provide response strategies to the problem of 

743 Chinese wheat production, but also provide theoretical references for the global 

744 development of wheat.

745 In the context of ongoing climate change, this study focuses on Chinese wheat as a 

746 representative case, examining the shortened nutritional stage of wheat and assessing the 
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747 increased yield potential. These findings serve as a reference for wheat-growing and 

748 populous nations such as China, India, the United States and Russia in predicting wheat 

749 growth and yield potential. In addition, the strategies proposed in this paper for Chinese 

750 wheat to cope with climate change also provide insights for similar wheat-growing regions 

751 facing challenges. This is particularly important for food-secure nations such as Nigeria 

752 and other underdeveloped countries in Africa, as it provides theoretical references for 

753 actively addressing future climate change and ensuring the stability and supply of wheat 

754 production. Moreover, in the future, we will conduct a continuous analysis of the response 

755 situations of wheat in other regions under climate change. This can not only enhance or 

756 supplement the research on the climate aspect of world wheat, but also provide a 

757 theoretical basis and reference for the world wheat to actively respond to climate warming.

758
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