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Responses of soil carbon component accumulation and allocation to tropical

forest restoration
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Abstract: In order to explore the response process and mechanism of soil organic carbon sequestration to tropical forest
restoration, three forest types, i.e, Mallotus paniculatus community ( early restoration stage ), Mellettia leptobotrya
community (middle restoration stage) , and Syzygium oblatum community (late restoration stage) , were selected to identify

the spatio-temporal variations in soil organic carbon component accumulation and allocation (i.e., microbial biomass
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carbon/total organic carbon, easily oxidizable organic carbon/total organic carbon, and resistant organic carbonin/total
organic carbon) in Xishuangbanna tropical forests. We also analyzed the effects of species richness and diversity of tree and
understory pants, soil temperature and humidity, bulk density, pH and nitrogen pool (i.e., total, hydrolyzable,
ammonium, and nitrate nitrogen) on component accumulation and allocation of soil organic carbon in the tropical forests.
The results were as follows. (1) The tropical forest restoration significantly accelerated the accumulation of soil organic
carbon components ( P<0.05). The stocks of total, microbial, easily oxidizable, and resistant organic carbon at the middle
and late restoration stages increased by 9.25%—50.84% , compared with early restoration stage. The forest restoration
promoted the allocation of soil microbial and oxidizable organic carbon stocks by 8.98%—25.36% , but it had no significant
effect on the allocation of resistant organic carbon (P<0.05). (2) Soil carbon component accumulation and allocation had
spatiotemporal changes in the three restoration stages of tropical forests. The maximum accumulation of the above four carbon
components was in June and they decreased along the soil layer. The maximum allocation of soil easily oxidized and
microbial biomass carbon occurred in June, while that of resistant organic carbon was in December. The allocation of
microbial and easily oxidized organic carbon decreased along the soil layer, while that of resistant organic carbon had no
significant vertical change. (3) The component allocation of soil organic carbon stocks was ranked as microbial biomass
carbon stock (83.71% ) >resistant organic carbon (82.17% ) >easily oxidized organic carbon stock (78.54%) (P <0.05).
The explanation percentages of microbial , easily oxidizable, and resistant organic carbon to total organic carbon in the three
restoration stages were 2.40%—5.00% , 18.22%—39.34%, and 18.50—26.55%, respectively. (4) In contrast to early
restoration stage, species richness and Shannon diversity of tree and understory plants increased by 42.78%—490.82% ,
and nitrogen pool (i.e., total, hydrolyzed, ammonium, and nitrate nitrogen) only increased by 12.73%—25.51% at the
late restoration stage. (5) Redundancy analysis showed that understory species richness, temperature, humidity,
hydrolyzed were the main driving factors affecting carbon component accumulation, while tree Shannon diversity, humidity,
and bulk density were the main controlling factors of carbon component allocation. Therefore,, Xishuangbanna tropical forests
restoration significantly promoted the component accumulation and allocation of soil organic carbon, which was determined
by understory species richness and tree Shannon diversity, as well as soil temperature, humidity, bulk density, and

hydrolyzed nitrogen.

Key Words: carbon pool; carbon accumulation; carbon allocation; nitrogen pool; tropical forest; secondary restoration;

Xishuangbanna
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Table 1 Sample plot overview

RSB Be FI A% MP SRR ML FEMETBERET SO
Restoration stages ( Mallotus paniculatus community)  ( Melleitia leptobotrya community)  ( Syzygium oblatum community)
W /S AE
VXE@B& 12 42 53
Restoration year/a
K
1
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i
m
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Coverage/ %
%Y )2 5
i M0 B 1—2 4—s 6—7
Litter layer thickness/cm
b}
kil . 8.84 + 1.42¢ 10.84 + 2.41b 19.26 = 4.75a
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7%
ok 7.12 £ 0.57¢ 9.94 + 1.44b 23.48 + 6.85a

Diameter at breast height/cm
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Fig.1 Spatio-temporal changes in total organic carbon storage at different recovery stages
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Fig.2 Spatio-temporal changes in microbial biomass carbon storage at different recovery stages
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Fig.3 Spatio-temporal variation of easily oxidized organic carbon storage at different recovery stages
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Fig.4 Spatio-temporal variation of resistant organic carbon storage at different recovery stages
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Fig.5 Spatial-temporal variation of microbial biomass carbon allocation at different restoration stages
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Fig.6 Spatial-temporal variation of oxidized organic carbon allocation at different recovery stages
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Fig.7 Spatial-temporal variation of resistant organic carbon allocation at different recovery stages
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Fig.8 Correlation between total soil organic carbon stocks and carbon component stocks
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(#2),7EWK & J5 1, TSR, USR, TSD, USD . HN | AN 435Il Fb 4% 42 Aif 91 45 %5 T 490.82% . 240.92% . 42.78% .
50.04% .18.94% ,20.18% ; TN NN £ 3V & 5 ] 25 K TR mi i b 28 fbia ¥ (3R 2) AR TR & i
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Table 2 Comparison of plant diversity and soil physicochemical properties at different restoration stages

ity WRIZ B B Restoration stages

Indexes M A% MP B S HEREYS ML PSR SO
TRARYIFPEFE (TSR) 0.229+0.025¢ 0.455+0.034b 1.353£0.347a
WFFFEE (USR) 0.474+0.045¢ 0.672+0.085h 1.616+0.174a
F¥ K Shannon ZF£1 (TSD) 0.935+0.195¢ 1.117+0.247h 1.335£0.335a
M F A Shannon ZEEPE (USD) 1.139+0.116h 1.353+0.154b 1.766+0.285a
JLEE ST/C 20.110+0.89a 21.410£0.81a 20.710£0.63a
EIKE SW/ % 22.940£0.75b 22.290+0.67b 23.630£0.77a
K BD/(g/em?) 1.290+0.023a 1.280£0.047a 1.270£0.027a
pH 3.820+0.046a 3.810£0.041a 3.800+0.035a
2% TN/ (g/kg) 1.500£0.25b 1.570£0.26b 1.770£0.32a
JK SR HN/ (mg/kg) 91.980+8.32¢ 101.45022.60b 109.410+6.71a
B AN/ (mg/kg) 11.050+0.85¢ 12.660+0.84b 13.280+1.03a
% NN/ (mg/kg) 1.450+0.19b 1.510+0.21b 1.820+0.16a

TSR Fr A Fl -F & JF Tree species richnes; USR: 4k F 4 F 42 & ¥ Understory species richness; USD; F A Shannon £ #£ Understory shannon
diversit; TSD : /K F A4 Shannon Z £ Tree shannon diversity; ST: 3l & Soil temperature; SW : 13 & 7/K % Soil moisture content; BD: %5 & Bulk
density ; TN ; 4> Total nitrogen ; HN ; 7K f# & Hydrolyzable nitrogen ; AN ; £ %, Ammonium nitrogen ; NN : fi & Nitrate nitrogen ; /A~ [i]/NE 5 R AS [RI K
B Z MAFTE B3 22 57 (P<0.05)

i3t Mantel Z3HT45 H - 3EA HLBRE LR (Cooc «Cype ~Croc ~Croc ) /207373 BL (MBC% EOC% \ROC% ) 5 ¥F
B K7 (TSR ,USR . TSD ,USD ST .SW .BD .pH TN \HN AN \NN) =22 [i1] A S PR FI A B AR (18] 9) . 4558, TN
P15 EHEA PR E R B (Cyoe\ Cyne ~ Croc ~ Croc ) F 47 HL (MBC% . EOC% ,ROC% ) 55 #H & ( Pearson’s r=0.4—
0.6;P<0.05) ; TIEA HLERZEFR 25 TSR \USR .BD .pH . HN NN H254H 3¢ | + 3047 HLAR JF 20 id 5 SW AN NN
H14E A (Pearson’s r=0.6—0.7;P<0.05) ; HHEA PR EF R 5 TSD \USD ,SW ST AN #a#AHC , 1A MLk
J#E 43 e 5 TSR \USR \ TSD ,USD ST .BD \HN #¢ 3 4H5€ ( Pearson’s=0.7—0.9; P<0.05) , pH AN J& + XA PR A
FRER Y 2520 K5 i TN HN X 38 HLAK 43 B AT 5 2252 0 ( Mantel's r=50% , Mantel’s P<0.05)

RDA 55 /R (B 10) 55—  ZARBRE + B8 ALK AR 2 (Cooc »Cupe ~Croc ~Croc ) TIHR T 91.59% % +
A PR E /3 it (MBC% ,EOC% \ROC%) Tifik T 82.42%, SW ST ¥J 5 Cyoo M Cype T AN, S Cop BN
Coype FFEHE T HN USR W43 5112 Crpe 1 Cro B9 EZLZ M 5 TSD 5 MBC% I fAH/N, SW 5 EOC% J f 38
/N ETSD (SW & MBC% 1 EOC% 1) FE AKX S 1 BD 53/ ROC%A/) , 7& ROC Jr B8 ALY F 45 1

3 it

30 AR HOR R Y B - SR P L4 T B0 25 (A

AR 5 B BB 5 8 T HLR P A1 O R 502 A A B A2 A e e o o6
VAR i A RIVHLD 22 RERE ST | AT 55 S LB P 25 05 ) ST 0 R0 AR S 00, Rl
VAL 0 B R M BRI N R R | LB TS A FRSMIE R T+
PRI SR R 5 SR DL R AT LR PR R 0 e bR 0, B N T
FRAGE LA S PR O T4 2, A RS B R G T RO LR AL 0 B R, R
5 JRTIFGE B85 5 S X BRI ( 8a—dSa) 230 AT LR OB 22, fE 3LHE0E ( 66.679% ) K T+ 1 UMK
AN PR (18.91% ) , T AR RS R KA PR - S0P XA BLIB 43 0, SO0+ 41 L
Rk

S BRI A DU AL B R B S B B % B T T %, 3 S R - R
EAE S B | A MR R MR LA BB, 6 ) LA BL 415
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Fig.9 Soil organic carbon accumulation/allocation and Mantel analysis of plant and soil environmental factors
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Fig.10 Soil organic carbon accumulation/allocation and principal component analysis of plant and soil environmental factors
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F5 KBl PR AL 4y B BRSNS NI S B - 4 R 21 Ay P BB R T T 2R AR (b A, iy BRI B 0 38
ML AR FR A0 270 ik sl HA R 2 S WK OR I 10 3B ML it i o W e e i 6 1 Tk A AL A i 1) 2 U
SR TR T, G ] R 5 S Ak | A HUBR B s R S R R A

AN S B BE AT FRpR AT LA P22 20 40 B 3R A 3 B AR AL e BOA VY £ 2 TR B2 A 8 i/, R HL
Tt i BT AR R i A gt B T RV e U3 ok Bl 2 I T RIS 3 T A AL
BREGFRIRIE . RZRED AR L KIS 55, e et - e Y3t 224 HLik
AIRERE T S A B/ INHE O RIS A 4 R RS R 9 DL R R 0 T B R B (46—55% ) S8
MURR I FRAR (15—87% ) HAT — 2 125 50 , 3X 5 AN [RIF 9 XA L ) AR R 2 R R P50 A I £
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PR 2 A i B M A FLR 73 T LU 3] %) S 3 . — 31 60— 100 45 , 1 PEA MLBRTE I A= 0/ T R K i
AR R A BILASE | DT foff £ P B i ek I P 8 S B S B AR MR [ &2 I B - 39 % 2 414343
Bt (MBC% EOC% ) RN M2 25 T 12, H AR 5 WTE be 5, 1 ROC % 2 A0 AH S i 28 AL RRAEE
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