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Research hotspots and frontiers of heat stress in maize’
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Abstract: Maize is the largest food crop in the world, and it plays a vital role in maintaining global food security. However, global
warming, which has led to frequent high-temperature weather events, has severely limited the growth and yield of maize. Therefore,
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an in-depth exploration of research hotspots and frontiers in the field of high-temperature stress in maize worldwide will help to cope
with the challenges brought about by climate change and promote the sustainable development of maize industry. In this study,
CiteSpace software was used to analyze the keyword co-occurrence, clustering, and brust of 4255 papers related to high-temperature
stress in maize included in the Web of Science core database from 1990 to 2023. The results showed that the research hotspots mainly
focused on four aspects: growth and yield changes, physiological responses, molecular mechanisms, and coping strategies of maize
under high-temperature stress. Through an in-depth exploration of the research progress in these four aspects, it was found that high-
temperature stress at different growth stages caused different degrees of damage to maize growth and yield formation, and the yield
loss caused by high-temperature stress at each growth stage ranged from high to low as follows: flowering stage > filling stage >

heading stage > seedling stage. High-temperature stress caused changes in multiple physiological and biochemical characteristics of
maize, such as impaired photosynthesis, increased biofilm permeability, excessive accumulation of reactive oxygen species, and hor-
monal imbalance. The molecular mechanism of maize in response to high-temperature stress was mainly on gene expression and heat
shock protein operation, but the specific heat tolerance mechanism is still unclear. Through the comprehensive application of agro-
nomic measures and breeding techniques, such as sowing date adjustment, scientific water and fertilizer management, rational applic-
ation of growth regulators, and cultivation of heat-tolerant varieties, high-temperature stress can be effectively alleviated and a high
and stable yield of maize can be obtained. In addition, the transcriptional regulation mechanism of maize in response to high-temper-
ature stress is a current research frontier and will be an important topic for future research. This study comprehensively reviewed the
literatures on high-temperature stress in maize in the past 34 years and provides a useful reference for the study of high-temperature
resistance of maize and formulation of mitigation measures.

Keywords: Maize; Heat stress; CiteSpace; Growth response; Molecular mechanism; Coping strategies; Transcription regulation
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Table 1 High-frequency keywords of maize heat stress
research from 1990 to 2023

KA RPN 3 /B

Keyword Centrality Frequency
Maize 0.23 1468
Heat stress 0.12 827
Yield 0.32 727
Growth 0.17 562
Stress 0.27 546
Temperature 0.32 535
Tolerance 0.36 420
Climate change 0.14 329
Expression 0.06 314
Plants 0.03 301
Oxidative stress 0.07 290
Drought 0.00 287
Responses 0.02 253
High temperature 0.21 248
Gene expression 0.28 241
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Table 2 Keywords clustering information of maize heat stress research from 1990 to 2023

BB FUA ImE FECHEA
Cluster Size Silhouette Main keywords
0# Chlorophyll fluorescence 23 0.900 Chlorophyll fluorescence; cold stress; photoinhibition; chilling stress; photosynthesis
1# Oxidative stress 19 0.988 Oxidative stress; hydrogen peroxide; lipid peroxidation; antioxidant enzymes; ascorbate peroxidase
2# Heat stress 18 1.000 Heat stress; growth performance; heat tolerance; performance
3# High temperature 18 0.931 High temperature; stress; remote sensing; precipitation; model
4# Gene expression 17 0.983 Gene expression; expression; heat shock; arabidopsis; salt tolerance
5# Heat shock proteins 15 0.921 Heat shock proteins; heat shock protein; plants; tolerance; accumulation
6# Abscisic acid 14 0.937 Abscisic acid; leaves; water content; zea-mays; stress responses
7# Growth 14 0.895 Growth; zea mays; protein; quality; purification
8# Temperature 13 0.945 Temperature; grain yield; crop yield; yield; climate change
9# Rheology 13 1.000 Rheology; rice starch; viscosity; pasting properties; wheat starch
104 Water use efficiency 1 0.832 Water use efficiency; droui};tns-t\:;stse;r -r;lrgees—sﬂ,;rf:;/erlriliching system; temperature;
11# Abiotic stress 11 0.937 Abiotic stress; cold tolerance; low temperature; transgenic plants; drought tolerance
12# Water stress 11 0.935 Water stress; traits; genomic prediction; light interception; linkage disequilibrium
13# Canopy temperature 10 0.957 Canopy temperature; irrigation scheduling; management; decision support system; soil water
14# Climate change 10 1.000 Climate change; adaptation; food security; agriculture; zea mays
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Table 3 Effects of heat stress on maize growth and yield at different growth stages
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Fig. 1 Effects of heat stress on maize physiological and biochemical characteristics
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R4 19902023 FEAKFIRMIBE R RIKEIR
Table 4 Burst words of high temperature stress studies in maize from 1990 to 2023
St FEH i FiE SFLER
oot Swrgh Dusion 1990207

Maize 45.98 1991—2007
Higher plants 9.08 1991—2001
Chlorophyll fluorescence 18.95 1997—2009
Photosystem I 11.40 1997—2005
Photoinhibition 10.99 1997—2009
Hydrogen peroxide 29.32 1999—2012
Maize seedlings 26.27 1999—2013
Oxidative stress 15.32 1999—2012
Superoxide dismutase 14.83 1999—2012
Arabidopsis thaliana 11.40 2001—2009
Low temperature 18.09 2002—2011
Chilling tolerance 9.20 2004—2011
Accumulation 12.62 2006—2011
Cold stress 9.08 2008—2011
Quantitative trait loci 8.77 2009—2014
Leaves 8.20 2009—2013
Arabidopsis 7.85 2010—2014

Crop production 8.93 2016—2018 T -
Use efficiency 8.19 2017—2023

Management 791 2017—2020 O O e s e
Variability 10.12 2019—2021

Evapotranspiration 9.81 2019—2021 Y

Soil 11.17 2020—2023 e e e B

Food security 8.66 2021—2023 e e e N O

Transcription factor 7.84 2021—2023 s e e e N O
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