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Adaptive patterns of bacterial communities under increased
temperature and precipitation associated with soil
displacement
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Abstract: The temperature and precipitation variations caused by global climate change have
profoundly impacted soil microbial communities. Understanding the impacts of the variations on
the structure and function of microbial communities over time is crucial for predicting and
adapting to future climate changes. [Objective] To explore the variations in the diversity,
composition, structure, and succession of bacterial communities in mollisol soil in the context of
climate change. [Methods] Based on a long-term soil transplantation experiment platform of
Hailun, Fengqiu and Yingtan Agroecosystem Field Experiment Stations of the Chinese Academy
of Sciences, we translocated the mollisol soil from a cold-temperate region (Hailun) to a
warm-temperate region (Fengqiu) and a mid-subtropical region (Yingtan) to simulate the
increasing conditions of temperature and precipitation. We collected 63 mollisol soil samples from
Hailun, Fengqiu, and Yingtan during 2005-2011. We employed high-throughput sequencing of the
16S rRNA gene to study the diversity, composition, and structure of soil bacterial communities
under different temperature and precipitation conditions. With consideration to the soil
physicochemical properties, we analyzed the relationship between environmental factors and
microbial community characteristics and calculated the species turnover rate. [Results] After six
years of transplantation of the mollisol soil from the cold temperate zone to warm temperate and
mid-subtropical zones, significant changes occurred in soil physicochemical properties, including
decreases in soil organic matter and total nitrogen, along with a noticeable reduction in
aboveground biomass. Moreover, the bacterial diversity in the soil decreased, and significant
changes occurred in the community composition and structure. The dominant bacteria included
Verrucomicrobia, Proteobacteria, Acidobacteria, and Actinobacteria, among which
Verrucomicrobia showed increased relative abundance after the soil transplantation to the warmer
area Yingtan. Additionally, climatic factors were highly correlated with microbial community
characteristics. The nonmetric multidimensional scaling analysis showed that the bacterial
community structure evolved with changes in temperature and precipitation and over time, which
was related to the increased microbial species turnover rate. The species turnover rates of bacterial
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communities varied significantly under different temperature and precipitation conditions,
following an increasing trend of Hailun (0.030)<Fengqiu (0.033)<Yingtan (0.045). [Conclusion] A
six-year increase in temperature and precipitation significantly reduced the bacterial diversity,
altered the bacterial community composition and structure, and accelerated the species turnover.

Keywords: increased temperature and precipitation; soil transplantation experiment; bacterial

community; community succession; mollisol soil
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Table 1 The basic physical and chemical properties
of mollisol soils before soil displacement.
Item Results

pH 6.10.0
SOM (g/kg) 53.0+0.6
TN (g/kg) 2.5+0.1

TP (g/kg) 0.30.1

TK (g/kg) 13.6+0.2
AP (mg/kg) 31.1+2.0
AK (mg/kg) 150.1£12.1
NH,'-N (mg/kg) 21.8+0.9
NO; -N (mg/kg) 14.8+3.4

SOM: Soil organic matter; TN: Total nitrogen; TP: Total
phosphorus; TK: Total potassium; AP: Available phosphorus;
AK: Available potassium; NH4'-N: Ammonium nitrogen;
NO; -N: Nitrate nitrogen.

FEAS . RAERTS, AN LEQ cm)yf% “STELE
X FRIZ 15 cm BHZRAE 500 g 3, WA RA
DU 533k B B0 F K R AT 3 B s
L, T 4 CCPRHE IS . RERASRIR
R, — 5o LR EIE TR AT, S —
A AT —80 CUKAE N LA 2 A= IR AT

EEFEA/NX, 2 0-15 em #1385
20 378 kgo XA RIETAHUNX 1.68 m” [HIFH
FI S8 1.5 glem® FE3753), B, A 2005 4
£ 2011 4F, BAEREN LR 500 g, 7RIt
KRN 3.5 kg, SN 0-15 cm 2 B R
29 0.93%, RERFEIIT LRSS, HATHE
AR AN 7 2 )2 A HE TR AN EE B, AT
P87 1 HE R BE XT3 )2 1 38 0 3 R 25+ Fn o RE
PR 5 W) 5 /)N
1.2 TEAEMRNE

HR A58 FLA M Ak 2% 53 17 T vk % 3 fb 2
PERUEAT T 2002, o, 38 pH DK 10 ¢
T H B ok 2.5:1 IR AR, D
F£ 1 min FE 30 min, BEJ5 (BT AR IEF T
g ; +3EF LT (soil organic matter, SOM)K
R REINE, ZHETEMH 05 g T
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+F# ; 4% (total nitrogen, TN 5& K FH 1
ik, i/ 02 ¢ TEAEHAT0T; Wi (total
phosphorus, TP)R I BER ARl , T 50w
(available phosphorus, AP)Jl % K F Olsen-P 1,
P ENE, 2RlTE 05 ¢ T/ 2.5 ¢
T4 HIEM S A (nitrate nitrogen, NO; -N)Fl
+ 345 25 A (ammonium nitrogen, NH, -N)FH Hk:
R (KChR )5, F A % 2L 3 4 7 A (Skalar
SAN™" System)Jll £, HidFETRFE 10 g ¥ 4,
4 B (total potassium, TK) A i# % 4 (available
potassium, AK)Z5] S B AL BN FIES IR 2 A R 2
WOR), Bl 38 3 KOG R IR A T AT, A
WM E BT 0.5 g T4k,

1.3 SBENF

FREL 63 KR BT 4L K DNA . 3R BGE
TR H MoBio (3% )] 13 DNA $2HGAF &
(PowerSoil DNA Isolation Kit, FditA 4%}
A WA, flAd - wmigftm s SF 0, N
0.6 g TR & T4 L P42 DNA J2HUE] 1) DNA
il NanoDrop [FEBR K HE/REMHE (HEDHABRA
) JEA TR BE A4 RE A , B DNA ) 5 2 1
SRR bR WJE>20 ng/pl, HE>500 ng,
OD16)/ODago A 1.8-2.0. Fr#HUA) DNA #ifr 17
1E-80 °CLAMEfFE Zfdi .

R T XS SR DRI AT 3 2K b, AR
i1 T Hlumina HiSeq & =M ACHEF T Y. R
A HFEE R L(PCR)Y 1S & i GeneAmp (1 I/
Y 2508 w5 AT, PCR WA ZR : 5xFastPfu
Buffer 4 uL, &F15147(5 pmol/L) 0.8 uL, dNTPs
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4 H§(2.5 units/uL) 4 pL. I PCR 314X 4 14
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Prig, i IER 514 515F (5-GTGCCAGCMGC
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IR R e B ) AL B, B SR 4
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F)Ha g TR A AR, FRATTRE A A i 8] )
FRECE SCRE Bt ] R 5 2 (wy o FRATTIE XAk
HEVIRETR AT TIR AT, G MIRETR ) o
ZFEEFE (R Shannon 85X AI#)Fh=F & ).
B i 22 4 KU 43 #T (non-metric multidimensional
scale analysis, NMDS) Fll & & £ ¢ J5 22 53 b
(permutational multivariate ANOVA, perMANOVA),
P it o M E R A RIE BT R R
(v4.0.2)H ) vegan Fl ggplot2 Kt Ak, X
WEAEMIBER N R G K B 2T T 5007, %5
BRI T A B VE 0 R AL OTU) AR P SI
XEEFF AR IE 1 Mothur 21T B A5 2119,
A8 5 15 B 7T LLAE (https://www.mothur.org/wiki/
MiSeq SOP#Phylogeny-based analysis)$£ %], #
GERBEZHMEEETE 1S Z MR B R
GERE oy S PE X e 1 B AR5 TR B
F X AR PR GRS R 4L picante HP
pd ERECTE S FE]) ., MiSeq M ¥ ¥ & nl LAAE
(http://www.ncbi.nlm. nih.gov/geo/) 3k Ht , H
MiSeq $d 45~ SRP069263

2 BER540

2.1 JKPGEMFH TR EARBUMRENR
205t 6 MBI, K In situ )R 4 5

B E B KIIEIN 44 Warming 1 Al Warming 2
J&, AR IX SR ATE In situ R PIFK G
4 Warming 1 1 Warming 2 T i3 A4 ¥ 1+
BRI PE A AT T b (35 2). 455
XKW, eSS Warming 1 19 6 4E)5, BT AP
FebRAN, KR L HEEAL R R R A T B
Ak, FARIE, 3 pH M 5.82 FF = 6.34,
SOM M\ 51.50 g/kg FF&Z 48.77 g/kg; R, Hb
AR R R, M 15 336 keg/hm® I/ ]
11 584 kg/hm® (P<0.001), TEKISAFHEINFE &
) Warming 2 254, 48 pH AR kA4 B #E
b, (R Al A 4 3 AR BR T R IR O B
#, 1 SOM & R 45.05 g/kg (P<0.001).
Mo FEAEY R FAEE R E, FTHER
11 086 kg/hm® (P<0.001). Z5HFEH, B+ In
situ # % %] Warming 1 F1 Warming 2 & F 6 4
Jei, HIEME R IR A R A AR
22 KAEMEHETELIMENZHMET
{LHFHE

it—2£0#87 T Insitu, Warming 1 Fl Warming
2 FRAMAEDBENZFEEE 1), FE KA
TEREEE RIS IN, T REIE R e BT
Mot HAMOkBL, T In stu, HEYREE
I REFEEAEEE R B85 2% FFE. 7F In Situ

®2 AEKAFHTHRECEM S EEYMENTUER

Table 2 Changes of soil physicochemical properties and aboveground biomass

Sites Climatic variables Soil geochemical variables Aboveground
biomass

MAT (°C) MAP (cm) pH SOM (g/kg) TN (g/kg) TP (g/kg) NO; —-N AP Yield  Straw

(mg/kg)  (mgkg)  (kg/hm’) (kg/hm’)

Insitu  2.840.8 560458 5.82+0.20 51.50+1.86 2.20£0.23 0.92+0.10 23.47+3.92 42.29+7.28 12513+ 15336+
1950 2137

Warming 15.8+0.3"7670+£62""  6.34+0.4077748.77£0.69""1.99+0.21770.86+0.04" 15.53+4.66" 34.96+4.72 9245+ 11 584+
1 1812° 676"

Warming 18.3+0.5"1649+436™" 5.78+0.22  45.05+1.52"1.98+0.21770.85+0.06" 6.33+3.40""" 31.09+3.22" 8 786+ 11 086+
2 868" 503"

MAP: Mean annual precipitation; MAT: Mean annual temperature; SOM: Soil organic matter; TN: Total nitrogen; TP: Total
phosphorus; NO5™-N: Nitrate nitrogen; AP: Available phosphorus; Yield: Grain yield; Straw: Straw weight. Data were represented
by mean + standard deviation, and significance results were obtained by t-test. * indicates that Warming 1 and Warming 2 are
significantly different from In situ. *: P<0.05; **: P<0.01; ***: P<0.001.
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Figure 3 Relative abundances of bacterial phylum in mollisol soils under hydrothermal gradient within six
years of soil displacement. The significant difference was calculated by t-test. *: P<0.05; ***: P<0.001. W1

means Warming 1; W2 means Warming 2.
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Figure 4  Nonmetric multidimensional scaling
ordination of bacterial communities in mollisol soils
within six years of soil displacement.
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Figure 5 Time-decay curves of Dbacterial
communities in mollisol soils within six years of soil
displacement.
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Table 3 Temporal turnover (W values) of bacterial communities among different phylogenetic groups
Microorganism groups Insitu Warming 1 Warming 2
w P w P w P
Verrucomicrobia 0.051 <0.001 0.021 0.001 0.010 0.352
Proteobacteria 0.018 0.003 0.033 <0.001 0.062 <0.001
Acidobacteria 0.026 <0.001 0.036 <0.001 0.034 0.001
Actinobacteria 0.028 <0.001 0.015 0.011 0.029 <0.001
Planctomycetes 0.017 <0.001 0.034 <0.001 0.061 <0.001
WPS-1 0.025 0.002 0.018 0.030 0.035 0.001
Chloroflexi 0.016 0.001 0.018 0.010 0.040 <0.001
Firmicutes 0.020 0.026 0.013 0.083 0.016 0.196
Gemmatimonadetes 0.024 <0.001 0.031 <0.001 0.055 <0.001
Bacteroidetes 0.024 <0.001 0.066 <0.001 0.083 <0.001
Latescibacteria 0.040 <0.001 0.036 <0.001 0.020 0.181
Nitrospirae 0.013 0.074 0.016 0.013 0.001 0.946
The values in bold in the table indicate significant at P=0.05 level.
F4 TEMEVRREAMRSHMSINERTFREXM
Table 4 Pearson correlation analyses between bacterial community and environmental factors
Diversity index Climatic variables Aboveground biomass Soil geochemical variables
MAP MAT Yield Straw pH SOM TN TP NO; -N AP
Shannon -0.70""  —0.65"" 0.26" 030" - 044" - 033" 0537 0.31°
diversity
Richness -0.72""  -0.63"" 0477 0507 - 049" - - 0.42" 0.57""
Community 0.82""" 079"  -024"  -0277 - —0.58"" - - -0.62"" 046"
composition

Only the correlation coefficients are listed in the table (P<0.05). *: P<0.05; **: P<0.01; ***: P<0.001. — indicates that the

correlation coefficient is not significant.
3w
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