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Abstract: In this study, Six treatments were established:a control (CK), warming (W), increased precipitation (+P30), decreased
precipitation(-P30), increased warming and precipitation (W+P30), and increased warming and decreased precipitation (W—P30).
Field experiments were conducted to investigate the effects of warming and precipitation changes on the structure and function of
soil bacterial communities in dry-crop farmland. Macro-genome sequencing was exployed to examine the composition, diversity,
network structure and metabolic function characteristics of soil bacterial communities under varying treatments. The results
demonstrated that the W and W+P30 treatments significantly elevated the relative abundance of Alphaproteobacteria, while the
W+P30 treatment notably increased the relative abundance of unclassified Chloroflexi. Conversely, the W, +P30, W+P30, and W-P30
treatments significantly reduced the relative abundance of unclassified Actinomycetia. The +P30 treatment resulted in a significant
increase in the Shannon, Simpson and Pielou indices, whereas the W-P30 treatment led to a significant reduction in the alpha
diversity index of bacteria. Significant differences were observed in the effects of warming, precipitation changes and their
interactions on the B-diversity of the bacterial community. The W, +P30, W+P30 and W-P30 treatments exhibited higher complexity
and connectivity than the CK treatment. However, the -P30 treatment exhibited lower relevant parameters than CK. The W, -P30 and
W+P30 treatments demonstrated an increase in the number of connectivity nodes, whereas the +P30 and W-P30 treatments did not
exhibit this increase. The W treatment led to a notable increase in the relative abundance of the circulatory system, while the +P30
treatment resulted in a significantly decreased the relative abundance of xenobiotics biodegradation and metabolism. The -P30

treatment led to a considerable decrease in the relative abundance of the excretory system, and the W+P30 treatment caused a

Yeis HEA: 2024-05-13

EETHE: PEAGRHT 5SS IR T TS50 = I 410 H 1AM202102); 5 5% H AR R 2E 3 410 B (41775107); 4 H S % 5 61357 & 8 & 1
(CXFZ20241056)

* TUTAER, BI#d%, xiaodonglyu@mail.lzjtu.cn, **HF5% 51, wangheling1978@126.com



14 F B S5 B AR AR ORT SR AR - S0 R v 46 R R D BE AR ) 509

notable decrease in the relative abundance of nucleotide metabolism. It was observed that warming, precipitation changes (either an

increase or decrease in precipitation) and their interaction had significant impact on the structure and metabolic functions of soil

bacterial in wheat fields.

Key words: warming effect; precipitation changes; dry farmland; microbial community
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Table 1

amount in the plots during wheat growing season in 2023

Precipitation, precipitation date and irrigation water

HI  FEME(mm) HARFFKEAGIIL) JKAEIIL) B4/KAFE(L)

04-12 0.93 3.72 2.60 4.84
04-19 235 9.40 6.58 12.22
04-21 6.18 24.72 17.30 32.14
04-22 18.37 73.48 51.44 95.52
05-03 1.44 5.76 4.03 7.49
05-05 3.78 15.12 10.58 19.66
05-08 9.50 38.00 26.60 49.40
05-14 2.95 11.80 8.26 15.34
05-18 2.98 11.92 8.34 15.50
05-23 5.53 22.12 15.48 28.76
05-27 16.14 64.56 45.19 83.93
05-30 9.83 39.32 27.52 51.12
06-03 9.83 39.32 27.52 51.12
06-11 4.18 16.72 11.70 21.74
06-22 5.3 21.20 14.84 27.56
06-24 1.05 4.20 2.94 5.46
06-30 10.13 40.52 28.36 52.68
07-02 11.85 47.40 33.18 61.62
07-09 8.72 34.88 24.42 45.34
07-11 15.35 61.40 42.98 79.82
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Kl (Stamp 4 #71) T 1E £k °F- & £ il (http://cloudtutu.

com.cn/).
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Fig.1 Percentage stacked histogram of relative abundance
(top 10) of dominant taxa at the level of bacterial phyla

and genera
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Table 2 Differences in relative abundance of bacterial taxa at the level of soil phyla and genera in wheat fields (>1%)

Bk B CK w +P30 -P30 W+P30 W-P30

Alphaproteobacteria 9.69 11.97* 11.11 9.97 12.00* 10.29

Thermoleophilia 5.58 3.74%* 3.81%* 4.98 3.69%* 4.01*
Gammaproteobacteria 4.21 7.25% 6.52 4.73 6.85% 6.36

9 Actinobacteria;unclassified 3.06 2.12%* 2.20% 2.90 1.97%* 2.24%
Deltaproteobacteria 3.13 3.86% 3.98%* 3.41 3.49 3.87*

Cytophagia 1.83 3.00 2.97 2.83 3.20* 2.31

Rubrobacteria 1.69 1.14%* 1.17%* 1.60 1.04%* 1.22*%

Gemmatimonadetes 1.33 1.65 1.78* 1.42 1.72 1.74*%
Chloroflexi;unclassified 8.28 7.06 7.43 8.16 6.48* 7.12
Actinobacteria;unclassified 3.38 2.36%* 2.45% 3.21 2.19%* 2.49%
Solirubrobacter 2.98 2.09%* 2.08%* 2.63 2.06%* 2.14%

)& Gaiella 1.50 1.07* 1.04* 1.43 0.97** 1.09*
Steroidobacter 1.15 1.85%* 1.41 1.10 1.64* 1.41

Conexibacter 1.20 0.81%* 0.82%* 1.10 0.79%* 0.87*

Mesorhizobium 1.10 1.63* 1.20 1.08 1.55% 1.08

A PHEARE FoR MW R KPS AT B =

, R RoRBENE<0.05, 7 TR BEME<0.01.
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Fig.2 Box line plot of soil bacterial a—diversity index under warming and precipitation changes
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Fig.3 PCoA analysis of soil bacterial communities under
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KTHWZE e, HA N 2 v B W2 1 (R=0.6535,
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2.3 AR AR AKARAL TR A R Y 4% 25 A 43 BT
2.3 R ABEK AR AN G LI L oy b 4
TR B K AR AT 722 B 38 40 T VR L I Y 4
BN ZE (3R 3 R 4).W A EE 8. P
BIRE . ERRVER S ST CK,-P30 Ab PRI 5
VeV SFIIRE . JEFNER 2R IL T CK,Ift W-P30
BRI A Rl . TR L R d b i T
CK.A+P30 Fl W+P30 Kb 24tk PRI, &8
PEFISEHEME T CK I WHP30 b B CK [ 25 5%
BN AW +P30 ARERRIERYE S CK 2 5
AN §,-P30 F1 W-P30 AbFE R AR e v T CK,H:
HW-P30 Ab B 2= 5 ok B S, fH WAHP30 AL BRI 5k
P KT CK.

2.3.2 R ABEKASAL N A0 B OGRS AR M2
R S At LA A2 T AN T T SRR A, R
TR PN T 10 R (Z) P H [R) 3 3 (Pi). i i o155 Zi
Pi SR OCHERIE (R 4). P +P30 I W-P30 4L 2T
WA KR, CK A1 1 AR B TR
(Proteobacteria); W AbHIAT 2 /N ICBESHE, 70 )l J& T4

@ Module 1

Module2 @ Module3 @ Module4 @ Module 5 @ Module 6

JEH T IRISRA T 15-P30 A BA 7 AN SCHEIEHE, 3l
J& T O ] 7 2k B 49 (Actinobacteria;
QS I < =
(Actinobacteria; Thermoleophilia) « % . ifl B |’
0B TR € A M
(Gemmatimonadetes; NA). 2f FLJi0 B[] 2F H i B 4
(Gemmatimonadetes; Gemmatimonadetes). & JE [ ]
FOAH AL UEE B | ] (Nitrospirae); W+P30 AbEE 1 /NI
JEREJm TR TG 4 &L 5). 0050 MR Zi
HEPL RN K55 B AL 4 BB 5). b W
~P30 Al W+P30 KL BESE N 1 3R m3 U ECR (H+P30
HTW=P30 Kb A7 1Y IRy O E

Actinomycetia) -

(Gemmatimonadetes)

F 3 ERMBEKTHAT HIEAR LI MERINSE
Table 3 Topological parameters of soil bacterial co-
occurrence networks under warming and

precipitation changes

i 24 CK w +P30 P30  W+P30 W-P30
REPEvd 147 147 150 147 152 150
Bk 833 996 1037 572 1762 898
LB SR 5667 6776 6913  3.891 11.592  5.987
SR 11333 13.551 13.827 7.782 23.184 11.973
BUE A 0.078  0.093  0.093 0.053 0.154 0.080
Pl i 0.039 0.046 0.046 0.027 0.077  0.040
R, 0.628  0.625 0.629 0.687 0476  0.730

BB RS 0218 0216 0249 0.199 0203 0239

PHIBAKSE 2071 1991 2018 2630 2287 2357
T AL R B SRR 43 T R % (S ek L SR
B TR R HA O — AN SRR S A SR 5
P34 SRR AT T O 22 )T 34 P

Other Modules

—P30.
P4 NI R REE K AR A0 /22 S 20 B A 45 ) D0 245 4
Fig.4 Network diagram of soil bacterial community structure in wheat fields under warming and precipitation changes
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Table 4 Parameters and classification related to key species in the bacterial co—occurrence network
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Fig.6 Histogram of test of variance of metabolic function abundance of soil microbial community under different treatments
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