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Composition and function of soil microbial community in rhizosphere soil and

bulk soil of Eucalyptus plantation across different stand ages
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Abstract: Fucalyptus is one of the most important fast—growing tree species for afforestation with economically significance.
But its adverse ecological effects of successive planting of Eucalyptus plantation have caused controversy, including soil
degradation, reduced plant diversity and stand productivity. To ensure their sustainability remains an important topic in
forestry. However, our understanding about the effects of FEucalypius on composition and functions of soil microbial
community remain poorly understood. Understanding these impacts is crucial to provide a basis for silvicultural management
to address the adverse ecological effects on FEucalyptus plantations. In order to characterize the dynamics of different
microbial categories, such as fungi, bacteria and archaea, a chronosequence of Eucalyptus plantations of 2, 7, 12, 17, and
22 years were selected. The metagenomic sequencing was used to measure the response of microbial community structure,
diversity, and function in both rhizosphere and bulk soil of Eucalyptus plantations across different ages. The results

suggested that there was a pattern of initial decline followed by an upswing in soil physicochemical properties and diversity
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with stand age. At 12 years, the fungal communities in rhizosphere soil showed the lowest diversity. Meanwhile, both
archaea communities in the rhizosphere and bulk soil, as well as bacteria communities in the bulk soil, had their lowest
diversity at 7 years, respectively. The composition of microbial communities between rhizosphere and bulk soil significantly
differed across different stand ages. Interestingly, stand age did not induce significant shifts in the dominant fungal genus
between rhizosphere and bulk soil, which was identified as Rhizophagus. However, the significant changes in the dominant
genera of both bacterial and archaeal in rhizosphere soil were detected. The prevailing bacterial groups were identified as
Bradyrhizobium and Bacteroides, while the dominant archaea were identified as Candidatus-Nitrosotalea and
Methanocorpusculum. The nitrate nitrogen significantly influenced the composition and diversity of fungi, while pH
significantly influenced bacterial and archaeal diversity and community composition. Additionally, soil phosphorus
availability was another major driving factor for archaeal diversity and community composition. There were significant
differences in the functional profiles of fungi, bacteria, and archaea between rhizosphere soil and bulk soil. Meanwhile, the
bacterial community tended to be more variable than fungi and archaea. This study illustrated the dynamic response of soil
microbial communities in both rhizosphere and bulk soil across a chronosequence of Eucalyptus plantations. The results
emphasize the impacts of stand age on soil physicochemical properties and dynamics of microbial communities. The findings
are with important implications for sustainable management of soil microorganisms, improving the productivity and multi-

functional management of Eucalyptus plantations.

Key Words: FEucalyptus ;stand age ;soil microbial community ; diversity ; metagenomic sequencing
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Fig.2 Diversity index of fungal, bacterial and archaeal between rhizosphere and bulk soil of different stand ages
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Fig.1 Microbial gene number between rhizosphere and bulk soil
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Fig.3 Principal co-ordinates analysis of fungal, bacterial and archaeal between rhizosphere and bulk soil of different stand ages
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Fig.4 Genus level community composition of fungi, bacteria and archaea between rhizosphere and bulk soil of different stand ages
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T 253 W 45 T2 B, PRIR B - 338057 i F B P o B 8 i), S8 AR B35 (6 1) . i 2 mI 0 AR PR A
AR B E A B A 17 FFEAIK, 22 S d5 s pH AW AE Wit ik A A E A8 7 4F s, 2 )5 2 FEAIT
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Table 1 Two-way ANOVA of physical-chemical properties of different forest ages and soil compartment

il o A RIS > 1 S

fbs Stand age Soil compartment Stand age X soil compartment
fnex df F P df F P df F P
pH 4 116.744  <0.001 1 51.207 <0.001 4 7.207 <0.001
HHLE SOC/ (g/kg) 4 46.506  <0.001 1 190.284 <0.001 4 4.297 0.005
B 2SR NH-N/ (mg/kg) 4 6.709  <0.001 1 13.359 0.001 4 3.967 0.007
A% NO3-N/(mg/kg) 4 4.224 0.005 1 18.916 <0.001 4 3.586 0.012
25 TN/ (g/kg) 4 30.509  <0.001 1 171.529 <0.001 4 5.639 0.001
HHLA OrgN/ (g/kg) 4 31.025  <0.001 1 166.969 <0.001 4 5.675 0.001
4k TP/ (g/kg) 4 14.601  <0.001 1 0.091 0.764 4 0.307 0.872
F %W AP/ (mg/kg) 4 75.177  <0.001 1 12.111 0.001 4 4.627 0.003
T A ik MBC/ (mg/kg) 4 15.089  <0.001 1 25.780 <0.001 4 3.168 0.021
ek W B MBN/ (mg/kg) 4 5.283 0.001 1 0.004 0.950 4 0.302 0.875
AL C/N 4 85.076  <0.001 1 28.091 <0.001 4 0.706 0.592

n=6;P<0.05 FRIEE,P<0.01 Fm i ;SOC . A HLEK Soil organic carbon; NH}-N; £ 25 %(; NO;-N A A % ; TN 2% Total nitrogen; OrgN
HHLA Organic nitmgen;TP;%@% Total ph()sph()ms;AP:ﬁ%(@? Available phosphorus ; MBC AR A MR Microbial biomass carbon ; MBN ; i 4= )
H: 5%l Microbial biomass nitrogen ; C/N JRA

F2 FERERERR IR R LR R

Table 2 Physical-chemical properties between rhizosphere and bulk soil of different forest ages

fabr g E Ml Stand age/year
Index Soil compartment 2 7 12 17 22
pH B 4.06+0.02b 4.34+0.03a 4.07+0.04b 4.07+0.02b 3.82+0.02¢
AERBR 4.13+0.03B 4.67+0.03A 4.12+0.03B 4.17£0.02B 3.94+0.05C
EERIRS PR 23.70+0.98c¢ 26.37+0.14b 25.79+0.12bc 24.35£0.5bc 36.29+1.48a
SOC/ (g/kg) AEAR B 19.50+0.23B 16.61+1.19bC 18.69+0.19B 13.15+0.12C 25.94x2.14A
BeASA B 4.59+0.73ab 5.63+0.38a 3.41+0.42hc 3.07+0.30¢ 3.31+0.19hc
NHj;-N/(mg/kg) AERBR 2.59+0.40B 3.73+0.14A 3.05+0.25AB 2.70+0.17B 3.66+0.34A
TR HRBR 35.56+5.02a 38.13+5.15a 40.49+3.5a 46.47+1.86a 40.18+1.13a
NO3-N/(mg/kg) JER PR 30.47+3.87B 31.49+2.74B 20.47+2.45C 33.27+0.27B 42.17£0.51A
oA HRBR 1.47+0.06d 2.08+0.02a 1.71+0.03¢ 1.54+0.03d 1.86+0.05b
TN/ (g/kg) AEAR B 1.26+0.02A 1.43£0.09A 1.35£0.02A 0.92+0.04B 1.46+0.11A
AILA PR 1.43+0.06d 2.03+0.02a 1.67+0.03¢ 1.49+0.03d 1.81+0.0b
OrgN/ (g/kg) AR PR 1.22+0.02A 1.40+0.09A 1.32+0.02A 0.88+0.04B 1.41£0.11A
e iS4 0.36+0.01b 0.53+0.06a 0.3120.01be 0.27+0.00c¢ 0.36+0.01b
TP/ (g/kg) AEAR PR 0.33+0.01B 0.58+0.12A 0.29+0.01B 0.24+0.00B 0.34+0.01B
AR HRBR 31.23%4.13a 34.24%3.97a 1.19+0.03b 1.85+0.03b 1.69+0.02b
AP/ (mg/kg) MR PR 14.79+2.25B 26.74+3.94A 0.80+0.11C 1.28+0.22C 1.16+0.07C
A= W A= B 163.46+17.92¢c  420.33+51.8a 307.79+17.44b  218.18+25.04c 164.94+18.19¢
MBC/ ( mg/kg) AEAR PR 119.99+26.43B  229.6+32.08A 175.33£27.95AB  178.22+24.01AB  127.57+17.18B
DGR7EX b= HRBR 16.83+1.04¢ 26.40+4.96a 19.48+1.48ab 15.78+1.66¢ 15.21+0.80c¢
MBN/ ( mg/kg) AR PR 18.18+1.99 AB  24.37+4.44A 18.88+2.28AB 18.28+1.43AB 13.48+1.49B
it PR 16.13+0.62b 12.7+0.16¢ 15.07+0.29b 15.8+0.32b 19.5£0.37a
C/N AEAR PR 15.53+0.34B 11.59+0.29D 13.91+0.2C 14.45+0.51C 17.72+0.24A

R PR BB AR ER 2E (n=6) s ARG FREFIRMRBR £ B[R] — 8 PRTEA R AR Z [ B9 22 53 (P<0.05) s AR K S TR R AR AR BR L /Y
) —FEBRTEA [RI Ml =22 [ 9 22 5 (P<0.05)
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Fig.6 Mantel analysis of fungal, bacterial and archaeal community diversity and soil physical-chemical properties between rhizosphere and
bulk soil of different forest ages
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Fig.7 Redundancy analysis of fungal, bacterial and archaeal communities with physical-chemical properties between rhizosphere and bulk

soil of different forest ages
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