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Research Background

 China's maize production accounts for 23.2% of the global production. Among this, the Huang-huai-hai 

summer maize region contributes 35% of the China's total production.

 The summer maize in the Huang-Huai-Hai region is usually sown in June and harvested in September. Its 

whole growing period is easy to be affected by high temperature and drought.

Huang-huai-hai region

(Li et al. 2025)



 The consecutive hot weather combined with extremely low rainfall will cause a combined stress of high

temperature and drought. Especialiy the V10-VT stage of maize growth, it is the most sensitive period to

water and temperature.

 For every 1°C increase in the global average temperature, the average yield of maize will decrease by

approximately 7.4%.

Research Background

Maize growth stages

Water shortage critical period &

Temperature-sensitive period

(Zampieri et al. 2019)



The strategies that plants adopt to cope with global climate change（ Ge et al.,  2025 ）

 The rhizosphere microecosystem is an integrated whole formed by the close interaction between 

plant roots, soil and microorganisms, and it is extremely sensitive to environmental changes.

 The rhizosphere microorganisms are the "second genome" of plants. When the plants are under 

stress, they will specifically recruit plant growth-promoting bacteria (PGPB) to resist the stress.

Plant-microbe interactions mediated by root exudates and their functions

（ Fan et al.,  2025 ）

Research Background



Scientific Problems and Research Implications

Therefore, understanding the effects of combined high temperature and drought 

stress on rhizosphere microecology of summer maize is of great practical 

significance for improving the yield of summer maize and ensuring food security.

 Scientific hypothesis: Maize roots were stimulated to secrete specific metabolites under 

combined high temperature and drought stress, which could enhance the tolerance of 

maize by recruiting beneficial microorganisms to assist in nutrient uptake and initiating 

stress resistance.



Experiment Design

Treatment Temperature（℃）
Field Moisture 

Capacity (FMC)

Drought Stress（DS） Atmospheric Temperature 45±5%

Heat Stress（HS）
Atmospheric Temperature

+6.5℃（±1.4℃） 80±5%

Combined Drought and Heat Stress

（DHS）
Atmospheric Temperature

+6.5℃（±1.4℃） 45±5%

Control Atmospheric Temperature 80±5%

Overview of the experimental site Distribution of plant and soil temperatures Verification of metabolite application

movable rain-out 

shelter polyethylene film

Experiment involved four treatments experimental flow
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1. Maize growth and yield

Dry weight of aboveground and root biomass

153.20% 32.99%

51.7%

24.7%

44.9%

compare with the control group

34.5%

14.8%

27.9%

Maize plant phenotype

 Compared with the control group, the DHS treatment significantly reduced aboveground biomass 51.7%, root 

biomass 34.5% and yield 32.55%.



2. Changes in soil nitrogen, phosphorus and organic carbon contents 

 Compared with Control, the available phosphorus content of DHS significantly increased by 22.91%, while the 

available phosphorus contents of DS and HS increased by 17.92% and 9.34% respectively.

 Different stress factors all have a significant impact on the soil nutrients.



3. Changes in the microbial community at rhizosphere

Df SumOfSqs R2 F Pr(>F) Signif

Temperature 1 0.24532 0.08240 2.2231 0.002 **

Drought 1 0.31691 0.10644 2.8719 0.001 ***

Temperature:Drought 1 0.20808 0.06989 1.8857 0.010 **

Residual 20 2.20698 0.74127

Total 23 2.97729 1.00000

Bacteria PERMANOVA analyse (adonis2)

Df SumOfSqs R2 F Pr(>F) Signif

Temperature 1 0.4390 0.06779 1.7040 0.003 **

Drought 1 0.31691 0.07248 1.8218 0.003 **

Temperature:Drought 1 0.06402 0.06402 1.6090 0.011 **

Residual 20 5.1527 0.79571

Total 23 6.4756 1.00000

Fungi PERMANOVA analyse (adonis2)

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1

DS Treatment

 The impact on the α diversity of the microbial community was not significant, which might be due to the short 

duration of the treatment. Bacterial community undergoes more drastic changes than fungal community.

 PERMANOVA analysis revealed that for the bacterial community, drought had the most significant impact, 

explaining 10.64% of the variation. And there is a similar trend in the fungal community.

Bacteria

Fungi



Bacterial Community Fungal community

 Microbial communities of bacteria and fungi have undergone significant changes.

 Compared with Control, under DS conditions, the relative abundance of Actinobacteriota was the highest; the 

relative abundance of the Gemmatimonadota in DHS significantly increased.

 Under the HS treatment, the relative abundance of Basidiomycetes significantly increased.

(Yuan A.,...Shao R. et al., Soil Biology and Biochemistry. 2024)

3. Changes in the microbial community at rhizosphere



4. Rhizosphere soil non-targeted metabolomics analysis

DHS vs DS DHS vs HS DHS vs Control

Screening of differential metabolites

DHS vs. DS (up-regulation) DHS vs. HS (up-regulation)

DS vs. Control (down-regulation) HS vs. Control (down-regulation)

Metabolic pathway enrichment
Location of the key metabolite L-valine

 Under combined stress, the biosynthesis pathways of ABC transporters, Penicillin and cephalosporin biosynthesis, 

and Valine, leucine and isoleucine biosynthesis were all significantly upregulated. The significantly upregulated 

metabolite: L-valine.
(Yuan A.,...Shao R. et al., Soil Biology and Biochemistry. 2024)



5. Association between microbiome and metabolome

Correlation analysis of bacteria and metabolites

 Under the conditions of DHS vs DS, the Actinobacteria and the Firmicutes showed a significant negative 

correlation with L-valine. Gemmatimonadota showed a significant positive correlation with L-valine.

 Under the DS vs Control conditions, the Actinobacteria and L-valine showed a significant positive correlation.

 The combined stress of corn involves unique metabolic-microbial interactions.

DHS vs DS
DS vs Control

(Yuan A.,...Shao R. et al., Soil Biology and Biochemistry. 2024)



5. Association between microbiome and metabolome

Correlation analysis of fungi and metabolites

DHS vs DS DS vs Control

 Under the conditions of DHS vs DS, Chytridiomycota and Calcarisporiellomycota showed a significant positive 

correlation with Allitridin.

 Same as bacteria, under stress conditions, the fungal community is profoundly influenced by metabolites.



6. Relationship between microorganisms and maize growth / soil nutrients

Bacteria Fungus

 Among bacteria, Proteobacteria, Gemmatimonadota, and Actinobacteriota have significant positive correlations 

with biomass, yield, root-shoot ratio, and soil nutrients.

 Only the Glomeromycota of fungi showed a significantly positive correlation with the root-shoot ratio.



7. Regulation of metabolic substances in maize response to stress

 The promoting effect of applying 0.3 mM L-valine and 1 mM Phthalic acid under DHS was determined to be the 

best， through biomass measurement and root scanning methods.

L-valine Phthalic acid D-fructose

Orotic acid Glutathion
e

0d

1d

2d

0d

1d

2d



7. Regulation of metabolic substances in maize response to stress

Application methods and regulatory effects of L-valine and phthalic acid

DHS + 

L-valine 

Soil application

DHS + 

L-valine 

Spray application

DHS + 

Phthalic acid

Spray application

DHS + 

Phthalic acid

Soil application
DHS Control

L-valine Soil

L-valine Spray

Phthalic acid Soil 

Phthalic acid Spray

Effects of different metabolite application methods on maize root growth

20.18%

 Compared with DHS, L-valine soil significantly 

increased the root dry weight by 40.66%.

 In conclusion, L-valine Soil achieved the best 

results, effectively enhancing the resistance of 

maize to DHS.
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Ongoing Work

⚫ Analysis of the mechanism by which L-valine in the maize rhizosphere drives the enrichment of Gemmatimonadota 

and enhances maize's resistance to combined stress of high temperature and drought.

⚫ Using the resistant variety MY73 as the experimental material. Decoding the mechanism of drought resistance from 

the perspective of rhizosphere microecology.

⚫ Isolation, identification and stress resistance function verification of plant growth-promoting bacteria (PGPB).

Linear Mixed Model represents the changes in the microbial community

Filter PGPB

16s rDNA

Microbial isolation and identification Microbial functional genes PGPB application verification



Paper and Patent

16s rDNA

 This research was published in Soil Biology and Biochemistry under the title of “Dynamic interplay among soil 

nutrients, rhizosphere metabolites, and microbes shape drought and heat stress responses in summer 

maize.”(Selected as an ESI highly cited paper)

 Granted an international patent (Netherlands). 
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