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Effects of artificially restored forests on soil organic carbon and active organic

carbon in eroded red soil
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ZHANG Wenfeng
Nanchang Institute of Technology/ Jiangxi Key Laboratory of Degraded Ecosystem Restoration and Watershed Ecohydrology, Nanchang 330099, China

Abstract: Measuring soil organic carbon ( SOC), especially active organic carbon, can be used to quickly evaluate the
recovery of soil fertility and quality. Therefore, we performed field and laboratory experiments to investigate the vertical
distribution of total and active organic carbon in different layers (0——60 cm) of eroded red soil in three typical artificially
restored forests, i.e., Pinus massoniana-broadleaved multiple layer forest (PB), Schima superba-Pinus massoniana mixed
forest (SP), and broad-leaved mixed forest ( BF). The SOC and organic carbon storage in the different stands decreased
with increasing soil depth and were ranked as follows: PB > SP > BF. The accumulation coefficients of surface SOC ranged
from 0.49 to 0.55, which indicated that the surface soil had a high capacity to recover and maintain organic carbon. Soil

readily oxidized organic carbon ( ROC) , dissolved organic carbon ( DOC), and microbial biomass carbon ( MBC) were
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calculated as 0.92——9.17 g/kg, 535.89——800.46 mg/kg, and 27.24——261.31 mg/kg, respectively, exhibiting
reductions with the increasing soil depth. The content of active organic carbon was generally higher in the BF; and ROC
constituted the largest proportion of active organic carbon (i.e., ROC/SOC), followed by DOC (i.e., DOC/SOC),
whereas MBC accounted for the smallest proportion (i.e., MBC/SOC). As soil depth increased, ROC/SOC and DOC/SOC
exhibited decreasing and increasing trends, respectively, whereas MBC/SOC ( microorganism entropy ) varied erratically.
The allocation to ROC/SOC was higher in the BF than in the other two forest types, which suggested that broad-leaved
mixed forest is prone to the accumulation of active organic carbon. Therefore, we could develop dense planting and
stereoscopic planting techniques to use at early stages of forest restoration, in order to improve the carbon density and
fertility of degraded red soil, and broad-leaved species could be planted into pioneer coniferous forests, such as those
dominated by Pinus massoniana, in order to increase the ROC/SOC content and, therefore, facilitate the recovery of

available nutrients and soil function.

Key Words: artificially restored forest; total organic carbon; active organic carbon; red soil
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HEI A IR T At 2 A T2 R i . O TR ik, s 2 ROAR AR A A T R, FRIE A 20 ik
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F3ili, DU AR SR 17.9°C AR RE KL R 1489 mm , 47 K BHAR S ity 4349 MI/m? 4R H B 1406
h, TCRIHIN 323 d, J& BRI P R 2 KU TRt 1 D A e DA b S R S B AR 3 TR
I TF R AR | 5 A AR A 3 ™ SRR 7E i) 3 AR A S E B A | H 22 Ak S AN W] 2 B2 10 7K A3t 2k
LA A PSSR DL TR 3 3000 AR, &g AT B0 L3R 1,

AN R & JZ MK ( Pinus massoniana-broadleaved multiple layer forest ( PB) ) : 3 2w ARB Rl A 25 A
( Pinus massoniana) ¥ 3 A (Adinandra millettii) M ( Liquidambar formosana) .= fHMk (Acer buergerianum) [
MR ( Quercus fabri) . AT M 8% F B4 = M IR A8 ( Syzygium grijsii ) . 2 PR ( Vaccinium  bracteatum ) | i AR
( Loropetalun Chinese ) . FF 2 B ( Llex asprella ) . IR 7 " ( Lophatherum gracile Brongn) . ¥= F ( Dicranopteris
dichotoma) 3% %1 ( Smilacis Chinae Rhizoma) i Bk ( Woodwardia japonica) 5 ,

Afar x By RAMRZE MK ( Schima superba-Pinus massoniana mixed forest (SP) ) : I AR Ff b AR 7 ( Schima
superba ) ML BHS . MOF FEBE F2A B H A 5 XK ( Cyclobalanopsis glauca) ARk MEAR | %% (Michelia figo) .
75 H 5 (Serissa japonica) IRNVTH . Z24& ( Ophiopogon japonicus) 141V ( Lygodium japonicum) 453 A€ ( Lonicera
Japonica) JEHR 85 F WK ( Dryopteris ) ERZ R (Adiantum capillus-veneris ) 2k ( Stenoloma chusanum Ching) .
“EAABE ( Morinda umbellata Linn) %5

[& 1R A M (broad-leaved mixed forest ( BF) ) : FEETT AP F AAERS ( Cinnamomum camphora) WA
Wk ( Liriodendron chinense) JEAN Magnolia officinalis) 75 X BRk, PR T A8 £ 24 ¥ i A A1 BEAK ( Rhapniolepis
indica) M ( Toona sinensis) FEEM =548 R L5 %€ ( Michelia maudiae) AEAE ( Osmanthus fragrans) M
K KM (Ardisia crenata) F24 IRPTM P23 SHBR BEEIR BREORSE .

F1 KRR

Table 1 General information of the experimental sites
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time/a EN ol L Tk densi coverage/
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. - 1025 18.9/18.0
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1() l”d'f m“f"”l;‘:“] ai amE 1984 15 i 850 104/8.0 110777 117582 658834 75 60
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’ BR) AR
AT x T AR A AR 1027 20.2/15.6
(Schima superba-Pinus o " (Afar) ( ENiD)
é in é ]\ L
massoniana mixed forest 218 AR 1984 15 [liE[qE] 753 22.0/19.8 638.99 958.99  7819.79 85 15
(SP)) (DEM) (DEM)
R MHRAEMR
( broad-leaved mixed EAR: anhe 1984 20 Bl 889  18.9/15.8 1372.01  1111.03  4517.59 90 45

forest (BF))
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1.2 BHEREHWE Tk
1.2.1  fhit -5
2014 4F 4 7 FER AR N HE < S TR 5 AN IBORE A, BN BURE 542 49500 1T, FH A 3484 0—10 em

http ; //www.ecologica.cn



4 A E = 37 &

10—20,20—40 ,40—60 cmd M JZUIFE K 5 ANBEESHRNZ R 3R IR G Y55 B = N S ik ik
FARZREEZY) 38 2 mm G, FH U3 o0 w4y, o — 0y 6 - ORAFAE 4°C vkA v, B TR A ALK k)
SRR E | 55— WIS 1 0, 1 R AU 0 A HLER I 2
1.2.2 ik

T HERA LR (SOC) R K, Cr, 0, S fb—Min#hakimiz "' 4865 S kA Pl (ROC) R H KMnO4 %A1k
Ptz ™, HHOKE A LR (DOC) B2 EARYE Chantigny' ' 405 2, R R B B, 1 JoFREUEE 1 10 ¢
(it 2 mm G) 3% 4K 1:10 A 100 ml 587K, B 0 JE1E 25CHEIRIEZ & 2L 200 t/min $£7% 30 min,
SR T S AT g BB L 4000 /min 5.0 10 min, B E ISR 0.45 wm JEIEHEATH0IE S5 T BAT AL
fie/ AT (multi N/C 3100) 905 SERAH RN MR EE . 36 P (MBC) SR & BB 25— IR AN =2 $2 1k
W5 SRS RS LB S AT (multi N/C 3100) I 5E 4R A HLBRIK
1.3 HHEAHURR kR

n

S0Cs = X, (€, xp, xT,) x 107" (1)

A, SOC e TR R 9 A ML bt it (v/hm?) 5 €05 (2 LI HLIR & i (o/kg) 5, WA 0 2 H
HHE(g/em’) ;ToRH i JZHIEREE (em) ;n N LHZE0
1.4 Bk

TRIO B Sy 4% 52 SE B19 F- Y 8, 25088 R FH Microsoft Excel (2003) #4745t 20 #r, FH SigmaPlot 10 i
Ayl SPSS 19.0 #4777 223 #r, i E K- 0E 2 0.05,

2 #BR5iTig

2.1 AR AR A 8 S ALK & 5 i i 1 B0 A R TE

A LA - 5 T T T ) o A e IR Y B A AR R E MG L i AS RAEE—E 25
mE 1 AT LLEH, 13 SOC SR ¥ A PB>SP>BF; 7E 0—10 em +J2,PB +3 SOC &8 (17.53 g/kg) &=
T BF(14.0 g/kg) ;7 10—20 em 1 )23, PB 14 SOC i (11.11 g/kg) 435l /& SP 1 BF 9 1.36 F1 1.58 £i%, &k
B T HAUPIRAR S 76 20—40 em + 2, WK E bRIM ] 1 HE SOC F 24 5 B3, HALHTE 4.87—8.03 g/kg Z
] ; 7E 40—60 cm +)22,PB SP 13 SOC &1t 5 BF [P fAAE R E 2%, H BF 11 SOC &= &A%, 7 3.49
g/kg, KRBT T R AR L3 LR & i — B B TR SRk R bR ) SR A 52 vh DL Zh AR
DL R Y B AN 5 A 52 AR A LR % e 2 e ey, E 2 R AT B2 AH T TSP, PB AR LR B 4 B HEKR
J2 5 FE T ey, MRS AR b b AR s R T AR R3O0 SP Y 173 A5 RN 1.23 f5 (LR 1) . AR
G35 BE VR 7 26 BN TR 25 S U Y A B i 2 53, AT %ok A AL ™ A 3 R 1) B 5 4TV AR 5
o, W A SR HLJS S A B A 0 TR G s BE A PB B AR Mt b A= Wy A T A ) e A AR
{H PB FEHLLR BR % FE AL R T BF,J2& BF (9 2.11 %, HIA Yy 25 1.46 1%, 107 W2 Ak - A ML Y &=
BORIEZ —, N B I/K S ALK - PR bl ) B AL T AR AR FR R, T bR I i o i,
PEaE TAHLBRAIE ) A AR & KR B S b S ke 1 AR 0 AR 5 A ) 1 % 35 R AR L 2 1) A 4
A3, T AR SRS T AP AL B bR AB 4 AR 25 55, BEE I AR BRI SE K A A= 77 ) (R & IH e
iDL AR Y AN R AR AR R S 8 A PR S A 2

FREMIr 0—60 em )2 A PR S B IACT-AEAE 6.20—9.22 ¢/kg Z[H], PB.SP il BF £ 0—10,
10—20,20—40 cm F140—60 cm 1 SOC HAESM 54 1:0.63:0.46:0.33 ,1:0.51:0.41:0.33 A1 1:0.50:0.35:0.25, 1% L AE
AR SOC [ AE i s Ui AR 2 I RAEAT DA AE ) 008 ; B 25 12 TR EE R3S, 1338 SOC & B kAR,
H 0—10 cm /2914 SOC %52 40—60 em )21 3.01— 4.02 %, [RIAF 8Pk AR5 22 18] 8 22 57t 20 0
/No B3 SOC F it bifi A+ 2 UR LS I REAR 33 5 A MLBR IR AEAS IR )22 (8] A g A A7 G, TR P W 2 T2k W o3 i
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FAL 5 PR B A ALY R et AR JZ 13, MR IR 2R JE 2 A0 AR A b 3 3 T A9 2 B0 Al LR, R
DAFR)Z R 221 75 382 2 (A B 5 f 220 0 i 7 )2 B0 TR 2 38 LA B B e T IR AR
R A AR DR b SR AU ) a2 ARG, [R5z 20 A B A AR i sh A T 2

AU S B SOC AU
Soil organic carob/(g/kg) Storage of soil organic carbon/(t/hm?)
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Fig.1 Distribution of SOC and storage in different artificially restored forests
PB.: S5 MM JZHK Pinus massoniana—broadleaved multiple layer forest; SP; AT x 2y AR IR AZ MK Schima superba—Pinus massoniana mixed
forest ; BF: [fH1R3EHK broad—leaved mixed forest; AN/ “EhEFR R AR RN TR bR 25 5 8.3 (P <0.05)

A LR A K NE R R BE S T AR S R G BB BRI RE S . B 1 T UL, 3 AR it
AR AL B 5 A HURRARLL , RIAS [ BP0 ) - HEAT DLRR B B 2 [l — + 2 vh 2R B PB>SP>BF, 7
0—20 ecm + )22, PB T A HLAKAE i i 35 = T HAM B A AR SY, LE SP 75 15.72% , LE BF (5 34.15% ; 7F 20—40 cm
T2 MG E A Ui 25 5 W3 PB A HLBR A% i L SP =5 22.76% ,SP X BF 5 39.96% ; 7E 40—60
em 12, PB SP 55 BF f¢7E B E M2 5, 43 Jl Lk BF /& 68.42%F1 59.07%

BARIZIRSY 0—60 em + )2 +IFEA HLERAK TAE 57.94—87.17 v/hm® Z [8], Hih PB i F i, 4 87.17 v/
hm? , HiYKJ2& SP, K 75.54 /hm? , BF %1%, 10 57.94 /hm*, MK E RS EA ] 2 R 0 - S84 WLER A%
ALK E, B BN 28RBS H 20—40 em )2 09 135 H HLEK % & L 0—20 em )2 FRE T 39.
60%—52.84% ,40—60 cm )2 20—40 cm L2 FFE T 16.72%—28.17% , F B H A PLIR % & 7F 0—10 cm
M 10—20 em 2 [E AR IR BE A, B8 R 10 em TREE T R A4 WA B 76 2R s/ ) | 8 202 DR - 984 LA G £ B
TRFA RS = SR 2950, 105 TIRA A G, S5 B R IR BN R, 43 A A LR At ) T
A K, 0—40 em )2 A HIEAHLERAE 5 A 0—60 cm +)ZE Y 76.80%—80.98% , it WA [A] 1K 5 Ak 43
X} 0—40 em )20 T A HURAE A W, HE—)2 A PR 5 )2 0 LR L (AR
AT LIRS R R, R B M T X MUBR A R RO SR T . PB SP A BF -3 2 AT HLRR & 4 R K
B4 0.49 0.49 1055, & B R IR ASHA FI TR )2 AH MUK PR
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2.2 ALK AR A 9805 A LRI B A R 1iE

1 5 FACH MUBRAE A MUBR 2 43w JR e dee e ml 7 - 48 i A8 A iy 2 ke - Bk (4 /N AR A, 4k
BEA MU S S M EURPETE AR, hK 2 ATE Y, BF 13 ROC & & 1 3575 T HoAt P Rl &2 443, H 0—10,
10—20,20—40 i1 40—60 cm +JZH9 ROC F 43314 9.17 4.32 2.74 g/kg fil 1.39 g/kg, J& PB ) 2.53.2.09
2.09 F11.51 4%, & SP 9 1.97 .2.21 ,1.88 Fil 1.31 £%, 1 PB 5 SP 223 AN .3 FfizE + )2 WE BN, 45
14 ROC i ¥ 2B Wk AR A ka3, B[R] 4 2% 0] 22 S 40 W &, PB (SP Fll BF 38)2 (0—10 cm) -3 ROC &
HAPIEIRZE (40—60 cm) 1) 3.94 4.41 F1 6.62 1,

SR A 7 ROC IR A AU R DOC ARG MBC
Readily oxidized organic carbon/(mg/kg) Dissolved organic carbon/(mg/kg) Microbial biomass carbon/(mg/kg)
0 0 2000 4000 6000 8000 10000 400 500 600 700 800 900 0 0 100 200 300 400
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Fig.2 Distribution of soil active organic carbon in different artificially restored forests

T A MU T8 R AR R R RAR pH A5 F T AR /K AH ELE A 0.45 um SFLUE AR A9 A7 AL
Gy SRR B B A R A W o e AR R A R B RN BE ORI, Yano S5 B ST & IR AR AR L3
A AT B RSN A B DOC 298 12.1%—40.3% . 1EARIRE T, 13 DOC TR PErE&sR | K it fig
HESE WS R H B FICR WA S shtE, B 2 ATE I A REKE MRS R — 12 3 DOC &%
HR/MIF IR SP>BF>PB, H SP +-4 DOC & & i 3 = FHAM MR  ZEAF 2 (H B T) 43051
J& PB Y 1.26.1.41 .1.42 F11.35 £%, /& BF 19 1.22 .1.22 .1.27 F1 1.32 15,11 PB 5 SP 2R A W% & 2%
FEMIBGIN, AR AR5 13 DOC % 2 KEBUE T RS B4 1 28T B EEA K, PB SP Al BF 0—60 cm
+ 243 DOC &AL E 351K 535.89—632.96 mg/kg . 728.94—800.46 mg/kg F1 550.93—658.18 mg/kg,
HIKJZ (40—60 cm) HEFEJZ (0—10 cm) DOC F A5 R T 14.52% 8.93% F1 16.29% , i 55 (35> #f 52
22k Hh X FR AR 1458 DOC P35 528 297.6 me/kg AH2E3E K, AT BB SR H T2 X Ak T 57 HRH W i 2 XUSUfE [X
SRR R R R, A LIS O3 Al RV A T B B 5 ]I, 39 P SR A4 B 32 B RER | (i HLA 3R 1) /N o3 T4 o
RAMRR  WAETE T KA DR PR

T EREME R oA R RIS RGN RO IE IR R B AR A, e B SR A o, 1 - g
ALY, i - e B (i E - SR S A AN e i A AL LA S B T - AR i o b A
AL LR Sl W A 3 T B A AL, 2 S e - S 0 A 0 i 55 R AT AL o3 A i R i AR g s, T 3R
TE LI i SR AL, KL 2 W& R RR S ARG [a]— 42 2 42 58 MBC & & K/ DU 4K 3 BF>PB>
SP, H. BF 3 MBC &+ .35 w5 T HAR M #h Ak 23, 75 0—10,10—20 ,20—40 em F140—60 cm +J243 5% 261.
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31.,135.72.79.02 mg/kg 1 56.74 mg/kg,J& PB 4 1.83 .1.80.1.55 I 1.17 1%, J& SP 1 2.14 .2.36 .1.97 F12.08
5,7 PB 5 SP 25 K3, BT H MBC & AR KIEFIFE 27.24—261.31 mg/kg Z[H], 5] A 4255 i 58
I RS A AN TR R 1 3 MBC S AR L, AR B 1/3 5B P45 20 B9 10 5 4 Fe b XN T AR A bR+ 18 MBC &
TBRA 267.76 mg/ kg, FHARFFT X £IAFIR AL b A5V AR 53 1458 MBC 7 i Ik, 12 50 b 76 K 22 17 Do A4 A
B SE IR K LA R R RS S RECR LS TR SR B R ™ S AR ) () R A RN B, 225
30 AEMIIR AR, AR AR 3 38 T RIRBE P i, K I RS B R 6, TGS 2 — e B ME (B S
1R R AT Y i AE AR (PO B i Sk AR ) TR A AR b - SRR RN D BEAT SR AEAE E K 22 5E B
B P HAfy P R BRI BE A T — e K 0 R, TR gt — L S E M 11 MBC &%
HETE R R AR A F 5 ROC F DOC AHIR], BIVRE 4 J2 VR BE A 34 hn i BEAIG, Herf 10—20 em 1:J2 MBC %
B 0—10 ecm HJZ2 T 47.05%—52.88% ,20—40 ¢cm + /2 H 10—20 ecm + 2 T T 30.22%—41.78%,
40—60 cm /2 20—40 ecm +)2 FFE T 4.93%—32.05% , 2 W] 133 MBC & T B BE 78 B W8/

TIETE A LR i SARLL BE B PB BN, 5 E AR W D & A K S AN B iR b R
Z2 B NG R SO S D I, A3 AR N G102, B A LA 0 R D 45 B8 12 5 T R Y 0 2 o R T, B B A WL o 1 e
N BEME AN T | ECR AN WA 7 A o8 - U ) f) B8 3R T B8 07 DT S b AR A ) 3 A R £
SRR S5 A P A SR AR R A R 23 00, A AL Y i A 3K (o TIE PR AR R, FR P45
RABAE W, G A PR & 55 SOC & e 7EAN RV ARG 8] B 43 A U IS — 3, 2202 R oG
FHLIK & SR THOB T SOC & it Ak, i B T bkt [ B 09 T R B3, A0 456 8 7 4 i 50 Fn ot et AR &R R 0 &
LA, KRR 13 ROC . DOC Fl MBC & 536 1 2 TR BE 3G i AR, H 2L 0—10 em +)2%
e, X5 ISR DR+ E R S AR ] IR R R G, I R RTE A MY
WA 2  CIRTT N FE A | 38 SR SN 3AR, T3 T 103 B A A E D AR BilE )2 RInIR, 45845
IO, AP 5T, T A g e Bl LS RS LR S KR TN 2 g,

AN A DI UB 2L 4 A - 48 ) T v e 3o A ) M FE A A [R], PB SP FiT BF 40—60 em 1) ROC & it Lt
0—10 cm + 23 T T 74.64% [ 77.35% 1 84.89% ,DOC & &4 5 T T 14.52% .8.93% F1 16.29% , MBC
T TRE T 66.09% 77.65%F1 78.29% , Ifii —FhAk5r+ 4 SOC & &8 7E 40—60 em + /21 0—10 em +)257
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Fig.3 Percentages of soil active organic carbon components to total organic carbon in different artificially restored forests
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