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Bacterial communities adapt to arid climatic environments by
increasing abundance and diversity and constructing
synergistic patterns
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Abstract: [Objective] To study the response relationship of the biological properties of bacterial
communities to long-term climate change. [Methods] The loess (YL, PL, and RL) and paleosol
(YS, PS, and RS) sequences, which have persisted for approximately 500 000 years at Shimao (Y),
Potou (P), and Renjiapo (R), were sampled. The structures and functions of the soil bacterial
communities were predicted by bioinformatics approaches, including high-throughput sequencing
and FAPROTAX. [Results] The physical and chemical characteristics associated with the loess-
paleosol alternation in the three regions reflected the shifts in climatic conditions, including dry,
cold, warm, and wet phases during soil development. Over this period, the climate at Renjiapo was
characterized by the highest temperatures and precipitation levels, with strong influences from
summer winds. Shimao experienced the driest conditions and the lowest temperatures. Potou
exhibited the intermediate climatic conditions between Renjiapo and Shimao. The abundance and
diversity indices of the bacterial communities in Shimao were higher than those in Potou and
Renjiapo. Across all the three regions, the dominant bacterial phyla were Proteobacteria,
Actinobacteria, and Acidobacteria although their relative abundance varied significantly. The
bacterial communities in the loess and paleosol layers of Shimao showed greater compositional
similarity, forming a network structure driven by synergistic interactions. The ecological functions
of the bacterial communities in the loess-paleosol sequences were primarily associated with carbon,
nitrogen, and sulfur cycling. Carbon and nitrogen cycling was weakly expressed in Shimao, while
nitrogen cycling was more prominent in Potou. Renjiapo exhibited the most pronounced carbon
cycling.[Conclusion] Soil bacterial communities in warm and humid climates tend to exhibit more
complex network structures and greater functional diversity. In contrast, bacterial communities in
dry and cold climates are characterized by similar composition and synergistic patterns, which
enable these communities to adapt to harsh conditions by increasing their abundance and diversity,
compensating for nutrient limitations associated with reduced carbon and nitrogen cycling.
Keywords: loess-paleosol sequence; bacterial community; collinearity network; structure and
function; climate change
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Figure 2 Analysis of bacterial gene abundance (A) and dominant phylum differences (B). YL: Loess in Shimao;
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Figure 3  Characteristics of alpha diversity in bacterial communities (A) and NMDS analysis (B). YL: Loess in
Shimao; YS: Paleosol in Shimao; PL: Loess in Potou; PS: Paleosol in Potou; RL: Loess in Renjiapo; RS: Paleosol

in Renjiapo.
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Table 1

alpha diversity index

Two factor ANOVA of bacterial community

Soil ACE Chaol  Shannon Simpson

sequence index index index index

Loess Location — *%* HAK oAk HAK
Layer skskok sksksk skskosk skokok
Locationx sksksk sksksk skskesk skoksk
Layer

Paleosol Location — *** HAK oAk HAK
Layer skk k sksksk skskok
Locationx sksk sk skskesk skskok
Layer

AWFFEIET B R B0E, M. Bk R AR
FER IR S i1 2, 3, [BS AR A1 <2727
SEpRCRT TR AT

This study is based on the setting of categorical variables. The
three sampling areas of Shimao, Potou, and Renjiapo are
respectively coded as Site 1, Site 2, and Site 3. Meanwhile, soil
horizons are classified with labels such as “Horizon 17 and
“Horizon 2”. *: 0.01<P<0.05; **: 0.001<P<0.01; ***. P<
0.001.

53 5l o OTU208 i £k W ] (Actinobacteria).
OTU396 C RN 1(Rokubacteria)fl OTU4370 iz
FFH T T (Acidobacteria); Yk SCHEY)FI OTUL
ASE I )(Proteobacteria), OTU103 F1 OTU317 3k
HIZ H | J(Actinobacteria); 1T EEY)FHA
OTU2 GALI15, OTU240 RN J(Rokubacteria)
A OTU77 & #l [(Thaumarchaeota).

Wk 2 Fros, A b ZE Y 5 22 8] 1Y% 44
feb, POE AR R Ul A TR B . A 53 I 4% 1Y
ORI BB v T O3 A, HF 34 3R
RBNF-H PEAR K BRI, R AT 2K R 25 4%
TR B OCHR R P T i, A T A I M 45
PR i) 58 LA PR S B T b ) 4 e A 6 B
EXRFR, AR TYMEINTES . FHPE
P s S Z R RIE 2 HAEH . Ui
T2 A TR A T 2 A5 R ] P R AR Ok
P M g 2k, Hh Rl 2 SR B B
AU RT AT, BRI T B 20 TR R 7 D) 28 &2 Z A

JEXS I, GRS 2, JF HRIH 205
FrEH
2.5 BE-HIEAERSEEELESIIRE
SR I ERT

Hi FAPROTAX Y 5Ll 5 SR AT 41, =3t o5
do- il RIS A R R A ST R EEA R . AL
moTRIES, Hok. BIGHINRERIL & N A
B TEAEI . Ao Ak Rk T KGR
IRE 49 M, AL RBRIK M 53 B, IFH =
P ThRER A BN T L R
REZ AR 22 5, ORI RS T 0.01% 1Y
AThEE, X8 (- SA) R 3 (&8 SB)4l
V& L H D 5E F B 3517 Heatmap 7007, L%
T REFNAH b 1A 1) A8 F BB R Y R T AR RS o A
Bodls . PR P e T Be R A0 T s ) 2 AT
Spearman FHIP 43T (B 5C),

BRAEIN(C-cycle)IREHT, PRATIETT. ZF 5
B ST U SR AR R DI RE
WFFE R, BRI AT B RE AT ROF) ] 143
H BILBRE FE0 SR R A IR 2F A T
1@ T E AP, s ER. A AR
ENAVEFHTIRE IR B B 1 (Cyanobacteria) F: W%
B IEM K (P<0.001), WERFTALIZENS S
- SFERRAG P B~ A W T P AT 52 ) -
A LIS 1 J e R A % 43 3 1Y AT ZR B A
BE 75 b RL1I A1 RS1 2 i iy W 3 & 3%
(methylotrophy) . A A bk ™= B B fE
(methanogenesis_by reduction of methyl compou
nds with H,). #&%0=H kil (hydrogenotrophic
methanogenesis), H %t 2 il (methanogenesis) ) fig
AT RL2 JEALAYJLT Ji 73 fi# (chitinolysis) LI i
BRFARR F I WA s A5 YL4 R Ak
PS2 2 )14 7 3% (phototrophy) . St & H 37
(photoautotrophy) . Jt: & 4 4fl I (photosynthetic
cyanobacteria), ;= %A Jt H F (oxygenic
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Figure 4 Bacterial community network structure. A: Shimao; B: Potou; C: Renjiapo. Each node represents an
operational taxonomic unit (OTU), with distinct colors assigned to modules identified through network topology
analysis. Edges between nodes denote statistically significant correlations (P<0.05), while node size scales
proportionally to their degree centrality. Blue edges indicate positive associations, whereas red edges signify
negative associations. Edge width is linearly correlated with the absolute value of the correlation coefficient

reflecting interaction strength.

x2  HEMEAIMFHER T

Table 2 Topological characteristics and attributes of bacterial networks

gill] RIFN ] FEtfl IR AL FE AR FEE Z (N
Sample Nodes Edges Modularity Average clustering coefficient  Average path length Average degree  Threshold
Shimou 83 229  0.613 0.518 3.822 5.518 0.7

Potou 82 415 0.314 0.604 2.615 10.122 0.7
Renjiapo 81 515 0.352 0.511 2.330 12.716 0.7

A LI E R ] BRATEE ], FEREE TR 3k PL3. PL4. PLS JZ {7 5L KM RS4,
M. AR Y, il Ak e W RS5 257 AUl FR £h 34 JF (nitrate_reduction) T fE &
(Nitrospirae) SHHALAER . WA AMIERSR  BEAEXTFEE RS, Ao YL2 2067, ¥k
PER T BEIEME, SETAMF ST, PS1 2T Z 0 RS2 JZ2 7 AY i 40 IV Al R 3 4
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Heatmap of bacterial community functions in loess (A) and palacosoil (B), Pearson correlation

analysis between dominant functions and phyla (C), and redundancy analysis between dominant phyla and soil

physicochemical factors (D). YL: Loess in Shimao; YS: Paleosol in Shimao; PL: Loess in Potou; PS: Paleosol in
Potou; RL: Loess in Renjiapo; RS: Paleosol in Renjiapo. *: 0.01<P<0.05; **: 0.001<P<0.01; ***: P<0.001.
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