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Response of soil bacterial respiration to tropical forest restoration in Xishuangbanna,
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Abstract; This study aimed to explore the seasonal variations and their main controlling factors for soil bacterial respiration
rates along secondary tropical forest succession, thus identifying the response mechanism of soil bacterial respiration to
tropical forest restoration. In this study, the substrate-induced respiration technique and high-throughput sequencing
technology were utilized to determine the soil bacterial respiration rate and bacterial diversity, respectively, at three
secondary restoration stages (i.e., Mallotus paniculatus, Mellettia leptobotirya, and Syzygium oblatum communities) of

Xishuangbanna. We also analyzed the effects of the shifts in soil bacterial diversity, pH, carbon pool and nitrogen pool on
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soil bacterial respiration rate, using regression and structural equation model analyses. The results showed that; 1) the soil
bacterial respiration rates were significantly higher in S. oblatum ((1.51+0.62) CO, mg g”' h™) than in those in
M. leptobotrya ( (1.16% 0.56) CO, mg g”' h™") and M. paniculatus ( (0.82% 0.60) CO, mg g™ h™). 2) Soil bacterial
respiration rates showed an obvious single-peak seasonal trend with the maximum value occurred in September. In
September, soil bacterial respiration rates were ranked as S. oblatum community ((2.41+ 0.29)CO, mg ¢”' h™") >
M. leptobotrya community ( (1.75+ 0.33)CO, mg g h™") >M. paniculatus community ( (1.60+ 0.66)CO, mg ¢ ' h™"). 3)
Soil microbial carbon also showed an increasing trend along the tropical forest restoration ; the order of soil microbial carbon
was S. oblatum community ((3.06+1.45) g/kg) >M. leptobotrya community ((2.22+1.40) g/kg) >M. paniculatus
community ( (1.75+1.14)¢/kg). Microbial carbon showed a significantly seasonal variation, which could explain 21% to
35% of the variations in soil bacterial respiration rates. 4) Soil bacterial diversity increased along the tropical forest
restoration ; the contribution of bacterial diversity to soil bacterial respiration dynamics was ranked as S. oblatum (72.60% )
>M. leptobotrya (67.90% ) >M. paniculatus (64.80% ). 5) The concentrations of carbon and nitrogen pools in later
restoration stage increased by 4.27%—58.77% , compared with the early restoration stage. Soil bacterial respiration rates
were significantly positively correlated with soil organic carbon and ammonium nitrogen ( P<0.01) , as well as total nitrogen
and soil pH (P<0.05). 6) The structural equation modeling showed that bacterial Shannon index, microbial biomass
carbon, total nitrogen, ammonium nitrogen, and soil pH could directly regulate bacterial respiration; bacterial Shannon
index and microbial biomass carbon primarily contributed to soil bacterial respiration dynamics. In contrast, soil organic
carbon, total nitrogen, and ammonium nitrogen indirectly promoted bacterial respiration by increasing Shannon index and
microbial biomass carbon. Therefore, the secondary tropical forest succession in Xishuangbanna significantly promoted the
soil bacterial respiration. The temporal variations in soil bacterial respiration rates were primarily directly determined by
microbial carbon and bacterial Shannon diversity, while they were indirectly regulated by total organic carbon, ammonium

nitrogen, and total nitrogen.

Key Words: tropical forest; secondary restoration; soil bacterial respiration; soil bacterial diversity; soil microbial
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Fig.1 Temporal variations in soil bacterial respiration rates
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Fig.3 Relationships between soil bacterial respiration rate and soil MBC concentration in the three restoration stages of tropical forests
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Fig.4 Variations in soil bacterial diversity across the three restoration stages of tropical forests
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Table 3 Relationship between soil bacterial respiration and bacterial diversity

PRI B Bt OTU ¥ H Fikta s XA RELE S
Restoration stage OTU numbers Shannon index Chaol index Simpson index
T A A% MP 0.896 " 0.753" 0.944** -0.650
BT REREE ML 0.802 0.846* 0.746 -0.817"*
FETIRERES SO 0.231 0.826* 0.842" -0.699

OTU . #/E4r 25880 Operational taxonomic unit; * * R P<0.01 ;® R P<0.05

2.4 TIRANDANTIR A IR AR T OC R

A E P BT PG AR A 2 B i i AR Ak S (A AETE A 2 ek (3R 4) o b, REEA PLAKR (4
RIKIER SRS R S &M pH EWKE J5 1 835 & T E 01, A TR E 01 T 4.27%—
58.77% ; 1 436 7 S AL A HLi & S AE M TPk Bl i ok

- 2 TR T R SRR AR B AR DGR S AT AT (3R 5) R RIS B B BRAK I AN T e 5 e B
AA EFEA PUbIA B 0 2 1EA X (P<0.01) , 5 13 pH E%E*ﬁ?é(P<O 05), 5 T RS A KR A
Iy FAA VR A IS B 5 Z K (P>0.05) o U] - 582 A B A A DL A pH XA [R5 [ Be oy bk
- SR TR P B A S
2.5 BIEANPARFIS HARRUEY At TR L 2 RO R

K I ZE A8 T R RS AS RV A2 B Ry bR - S G2 Ak 2 M I S - SR 2 A 22 TR A B DG 2R AT
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X SO o ML A MP
L5 ¢ #HHESO) - — — - FHHPML) HH¥MP)
L4 E MP: y = 0.03850 544 4
sl R2=0.648 P=0.025
ML: y = 0.1772¢02%%3 X
12k R2=0.679 P=0.044 X o
SO: y=0.3027¢02153 X

R*=0.726 P=0.031

I R I 33
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T
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09 - /,--/:
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E5 AEKREMRATFERIBAETRERSFREBNXR

Fig.5 Relationship between soil bacterial respiration rate and shannon index in the three restoration stages of tropical forests

R4 RERRIBEUZERERENRHEL

Table 4 Changes in soil chemical properties along the tropical forest restoration

£zt PRE By Bt Restoration stages

Index HHIREE MP RS ML FIMETH BERETE SO
pH 3.74+0.12b 3.77+0.17b 3.90+0.17a

F BB Soil organic carbon/ ( g/kg) 20.48+3.58b 21.77+3.10ab 23.10+3.89a
S8 AL B WL Readily oxidizable organic carbon/( g/kg) 6.65+3.92b 10.09+5.24a 8.57+4.95ab
4% Total nitrogen/ ( g/kg) 1.39+0.80b 1.57+£0.93ab 1.98+0.91a
KA % Hydrolyzable nitrogen/ ( mg/kg) 71.47+47.51b 92.85+35.83ab 104.40+50.66a
B Ammonium nitrogen/ ( mg/kg) 16.47+6.11b 22.51+8.83ab 26.15+2.45a
HZS % Nitrate nitrogen/ ( mg/kg) 3.73+3.73b 3.02+2.60b 4.26+4.45a

ARRING FEER R R [RR R W B2 [ A7 7 i 35 22 5% (P<0.05)

x5 TRAMEMRIAGERRLBBAETRELFERNEXXER

Table 5 Relationships between bacterial respiration and chemical properties in soils of three tropical forest restoration states

VEN
YT % - . HLok
" WRIWEE e msm whm AmR muw O
Ei2n Bacterial . } . . Readily
. Total Nitrate Ammonium  Hydrolyzable ~ Soil organic o pH
Index respiration . . . . oxidizable
nitrogen nitrogen nitrogen nitrogen carbon .
rate organic
carbon
21 T P 3 % Bacterial respiration rate 1
2% Total nitrogen 0.761 ** 1
filiZ%( Nitrate nitrogen -0.337 -0.180 1
H 5% Ammonium nitrogen 0.677 " 0.694 ** -0.243 1
JKf# % Hydrolyzable nitrogen -0.284 -0.251 0.164 -0.136 1
A B Soil organic carbon 0.731** 0.621°*  -0.247 0.705**  -0.0191 1
e
%%“M% ﬂLﬁ& ) 0.142 0.148 -0.142 0.082 -0.562 0.133 1
Readily oxidizable organic carbon
pH 0.549 " 0.296 -0.367 0.193 -0.320 0.493 " 0.231 1

# FR P<0.01; * F/R P<0.05
S IR LSRR 1 78.5% WUAN VT I8 6 47.1% 0 75 Hedi Bt 1K B 55.29% 19 + 3 4 ki s
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B 6) . HIEFMAEE MUEY R SR SR pH B9 T4 £ 125 1 40 B R W R B ( P<0.001
0.01 570.05) , o A EORH A Yy i i ( AR R A0 0.441 F10.424 ) 2 + 40 BT IR AR Ak 1) 2 51
Bk, AR MLAE b 5 ) B R AR BN R 4 e k(B 422 T Al B PP ( P<0.001 3% 0.05) 5 385 45 Ui
3o 5 RS B e 0B T 1 T X6 40 B PR R A7 9 ( P<0.05 ) 5 -3 4 S0 o A B I 2 3 = A o, R i
YN IFIL (P<0.001) o PRIIL, #AGHT FRbR A SR 20 TR P W R AR Ak, 3282 oh AN B AR P BB s ik & pHL 119 142
VAT DA A S B ML | A URVE R i A IR

R*=0.471

R>=0.785

E6 FREGREMBRAHERKTEREY KLEEREUR TIEAETRENEETEER
Fig.6 Structural equation model of soil microbial and chemical properties changes and soil bacterial respiration in tropical forests at
different restoration stages
Pl Sk b RECT R 3 RORRTEAL AR RALE , + % % IR P<0.001; * * KR P<0.01; * KX P<0.05; BR: 1S40 P I 38 TN 22
NH;-N: £ 8%; SOC . e HLBK ; pH . FRBRE ; MBC . Sl P8 ;. Shannon . FRIE 4L

3 itig
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BURIUR L AN T Z PR RGN BT HE T - AN B R B, MR AR SR B ST IR B AR R
i A A BT IR 3 I R A 2 5 kS - S B 2 AR R AR A, 5 HL A B B2 I 01 20 ol 20 P S0 2 o5 T i
S0, AT J8C T M 200 T 0% o 3 3 1 S R I A A AR A, PRk, b SRRk W B S AR vl fiE S
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AN TR S I B At AP - S A T I i 3 R 0 BT (25 i 1 R A, ELAS S W i i g ek [ 8 A R
i o G N 1P B L DAYV VA Y 20 v QS N BT D o G 7 e 47 e B 7/ e SN DR DS 2 S
VT T RO K R AR AR Y IR i B S AR 6.9 YR, X S I A SE 4 SR AR 2
AT R PR B R K AR A S R R L M R A % Ry A W B AR U, A - 3 AL
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B2 A P 2R A R E R R
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TR S AR T RO T AR ORI A A R T R S R X 4 R R R A Y
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T FRARIK 5 S04 T8 2 B RV 2R AR AL XT 4 S T P A T B, RN
FIZE AR X 240 B8 P 82 P S kA 2 B e M v W A v S 38 R T P 1P A 0 TR AR L X e K &2 U 0 1
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F ORI AREDT, PN ERER R R R R RRARTY | B AR 1 BEAT , A IR A V5
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