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Effects of different forest restoration approaches on the soil quality in red soil region of
Southern China. WANG Yun, OUYANG Zhi-yun, ZHENG Hua, ZENG Jing, CHEN Fa-lin,
ZHANG Kai ( State Key Laboratory of Urban and Regional Ecology, Research Center for Eco-Envi-
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Abstract; In 2008-2009, an investigation was conducted on the effects of three typical forest resto-
ration approaches, i. e. , naturally restored secondary forest, artificially restored native species Pi-
nus massoniana plantation ( Masson pine plantation) , and introduced species Pinus elliottii planta-
tion (slash pine plantation) , on the soil quality in red soil region of Southern China. The results
showed that the soil moisture content, bulk density, particle composition, and the contents of total
carbon (C), total nitrogen (N), total phosphorus (P), organic C, available N, available P, and
available potassium (K) in natural secondary forest were all superior to those in artificial planta-
tions. The soil physical, chemical, and microbial properties were integrated into a soil quality
index, which was significantly higher (1.20+0.10) in natural secondary forest than in Masson pine
plantation (0.59+0.03) and slash pine plantation (0.59+0.06). Our results suggested as com-
pared with the restoration with native species P. massoniana and with introduced P. elliottii, natu-
ral restoration could be a better forest restoration approach to improve the soil quality in red soil
region of Southern China.

Key words: forest restoration approach; ecosystem services; soil quality; principal component
analysis; red soil region.

BRI S — DB AR I TR ZRARIK
5207 NRTE T AR R G S5 A m A, PR AR AR
WA TR R G E 2. IR 4k Dine 2k

o EIRLAE B AR H TR E 25 W 3 H (KZCX2-EW-QN406 ) |
o E KR SR E (2011BAC09BO7-2) | [H K H AR
SFEREAIRUH (40871130 ) Fl i 1+ 5 2 42 5T H (2012M520406 ) %
1.

# % HIHAEH . E-mail; zyouyang@ rcees. ac. cn

20120703 Yi# ,2013-02-20 $237.

BREVREMEZNE" G HIRMRIKE X
RERS B 1 e AL MR RT3 A S R AR
% g

SR T AR NS T HEAC Jy 2 ma i 8 2 46
H AR TR R B B X R IR 5 2 A
DI ZE R G R BT W, Sl AR AR A
i 2 38 AR AR AT ) (R T AR AR
S RGNS TIREAY R RO A bR



1336 NoOH A& s ¥ 24 4%
DT N T8 TR SRR B R R S R 1.3 ik

LA R B R AR 1R A S R G g5 e A
e 0TS R S AR A P E — NN X
B TR DB — PRI 25 A o b T
PRAL AR P B, AT DA G b R AR AR
SRR -1 .

CT IS By 3 RS R B it B G T Ak 1 e B A7
B SHEOLY) T2 20k, 7620 KA 5T AR AR
75 2O 38 5 1) 52 el B AT S S A b b S R
B ( Pinus massoniana ) i V. B8 7158 , /&3 [E 40 A e )
FIAARHE B s 5| BRI AN ( Pinus elliottii) A K
P B A TR AT LUK T AR A, B R AS AR
I b A N AR B T AR RN TR AR Y
59% 1 ARSCHE TR E RS 4T HEX ST T A R I
AN N T 5 | 3 b N TR 52 SRR
523 AR Oy A - i 25 5 BRI A
[ 52 7 206 1A ) A R Dy g s, Sy 38
I i £ 8 DX AR S SR AL BRI AR i

1 ARBREHFRFGE

1.1 AR

A DX AE T L R 4 A P VPR A AR
BTV A R A ARHb X (24, 890°—27.318° N,
110. 150°—114. 549° E) . #F 5% X J& 3V A5 15 11 2 XL
S AR 18, 4 °C B R 5. 4 °C IR RRIR
5.8 C ,AEME/K & 1452 ~ 1950 mm, [/ 4 1 7E 5—38
A, EFEW 270 d. T8 TL2088, A SRRIHE N I #s
GESELRES
1.2 HEHbIE J 1 HEHURE

R L R AL T BRI Ry U
3K, AR ( RARIRAEAR, NF) A AP A T
PRI (L AN N AR, MP) F 5| A RS (15 4
PANTIR,SP) . BEAh ZRMAK T B 15 S HE b,
TSR R S B ] 24 20 4. P RARIRAE AR B
WA G N B R AR N TARNE b A T
MTESAI T 3 ~4 FEF IR, BIEERATERL
BAA FIUAR R ML B A AR A%, LU AN AT N T A5 2.

FFAREHIIERL 3 4> 10 m x 10 m #EJ7, BANFE
J5 ST 0 ~ 10 em HEEHS SR Hoke
FLEE B L HB R T 50 em!™ | IR HREIR G N —
ANFE S, LB FE 135 03, e VK & s B SL g =
A 2 mm G5, TR 4 CUkEED T
AR AR AN SR s R AR D AR A3 AT, 53—
W KT JE , T e R o

A R A A R R SR T R 20 BT A (Vario
EL 111, Germany) 5% ; e UKL AT B VA BE X
Mastersizer 2000 ( Malvern Instruments, Malvern, Eng-
land ) WI5E s 11 pH (R AT 1 0 5 (9 LK LR A
J& B AN E s IR A AL EUA
TR RN RO S B R R ik R
Yy A= Wy e o R DA R BE A0 7 2 L SCRik[20 ]
L4 HdEiba

R GCR U FE Y O i b R AR A
(D R LA (D)

V(r <R,) _ R, = ()

v, (Rm

L V(r < R) H/NFHR—ZH R H) BB 1K
T VORI R 3R BRI R, IR 2
(e 1.

L5 HIFAL AR AR ) A e TR £
P BRI T = 5 B R A R MR B T 0
MBS L4 e (Q,) .

Q= X W.Q(x,) (2)
A W FRIUTE ; O (x,) R FE RIS IR L.

ZRE RPRL AT 4 BOR: FH VR 54 i 8680, HC7S
{380 B 2% 48 R h 1AL 2

0(x) = oo 20 (3)

ma:

A A A VIR R W MR R FH T B 53 A pRi
e,
Xi - Xmin

Q(xi):ﬁ (4)

max

KX X AR 55 AR AR A B AR
e/ ME XN AR R .

TR YR TS L S E W AR Y ik
A= AR R FH 22 B i R R A
1.5 Hdlukbi

K H A R T 225081 (one-way ANOVA) Z3#1K
BT TIEMERE R A B EH M (a=0.05).
AR S J7 20 I8R5 ) [ 2 B, SR B Turkey
PR B T 28 L. 3 40 o A i e R AR
B E D7 2200 0 SRR A Edd I SPSS 16. 0 %k
PFSE ;2R ] SigmaPlot #AFAEE.

2 HRE5HMH

2.1 ANFEBRMAKE T A + HE iR
- ERIAR A RN A AL TR B K




54 T OB AR T5 2008 e [ R 75 208 X S5 A 5 1337

—_—
[=3
S

b =]
oll
80 ol

40}

of a a
20 a
I N
0 . .
SP MP NF
#k & Forest type

1 AEARELY R AR AL
Fig.1 Soil particle composition of different forest types (n =
15, mean=SE).
SP ¥ HuHA A T HK Slash pine plantation; MP: 5 B #A A Tk Masson
pine plantation; NF; KIKK AR Natural secondary forest. [Rl—FEHRA
VS 25 AR AR 2 5 5896 P<0. 05) Difernt let-
ters of the same index meant significant difference between forest restora-
tion approaches. T [ The same bellow. I :%5i%; Clay (< 2 um);
I .4 Silt (20 ~50 wm) ; 1L #57 Silt (50 ~2000 wm).
M RAR A S+ e AR Y B
FRIT 2203 AR AN TR BRb i 52 07 2 25 5 i A
A LRI A (181 1) . 5 BERDREHB AN AT AR (SP)
A8 SRR B 35 s T IR IR AR AR (NF) FIA
TS AN N TAR(MP) 5 S RRAN N TARAY L SR &
R T RIRUCEARFIIR HAS A AR, o A AT
AR 22 5 385 T - Sy b 35 S A A [) BRI 52
J5 L 8] 35 22 5

TP AR S NS BT kAR
IR B AR AR R 2 WTRLE N E
0 A T AR R R AN N TR 4 Y
AR T A N AR AR U A bR, JHE v 3 %
NI RIRRZ 8] 22 57 .3 . RARUCLE BRI £ 43¢
Bk TR AN N TARFN B AN TR,
TN TARZ 8] 22 5 A8 b 3. KRR A MR T4
AR TR A N AR S AN A TAR, AP T
R 8] 22 57 AN 35

WA E 4 H
Percentage of particle volume

2.2 AN[FEFRAMKE 7 2 A e R

2.2.1 HIEARFE M pHE WK 3 WLUFH, K
SRUE MR - SR i | A S = 3 & TR AR A
TARFN S A N TR, A N AR Z 8] TJC 1835 25 5%
AR AR 8 4 7 1t I 35 0 TR HOAA N AR,
HABFMIKE TNz M TR #2255 HIEeM S &
LG R (7. 920.8) ~ (8.921.2) mg - g7, ANl
WA T LA AR T 2R 3 R RS
R 3% pH {H M (4. 3420.07) ~ (4.39£0.10) , R
[R5 7 2 148 pH (H2E A B 2

2.2.2 TIEAHIBTEAGE & dEfr RIEA L
Jo B AR B ) — A B AR ME D SRR AR AR
MU S i (28. 442, 1 mg - ¢7) BER TS
FEAMATAHA(17.1£1.2 mg - ¢") AR HBAS A T AK
(17.4£1. 1 mg - ¢ ) , iR A THRZ M TG B & 2 R
(E3).

RAR U AR B AR AL i (203.3 £22.8
mg- kg ) W EES T LHREMAT A (83.5£6.6
mg - kg™') FBHIAS A TAR(83.3£8.8 mg - kg™').
- S5 TSR T N O B e 3 Bk AH [R]
A B IRAR A MR 25 1 T 5 R i N TR A
N TR, AR N AR Z ] TG 3 22 5.

2.3 A[FEFRARKE T =0

LA DL b AL MR DL R A A R
(TA= 9 W i Biolog ik 5 F) FH == 5 B At Y )
FHAR ), AT R oA, JE3R R 4 A E sy,
RSB T I0 B - Sk B 28 51 79. 6% . 25 BRI
RCENFR 1 s, Horh BUSCRR R Sk, O 3 &%
RN A Py U5 ) FH 588

RIRUAEMRIY T 582585 B s F5 40 (1. 20£0. 10)
WBEHTDREMATHIR0.59+0.03) FiEas AT
M(0.59£0.06), P Fl N T AR Z 0] 22 5 K B 3%
(Kl 4).

32 ¢ 30 - 1.6
_a_ ab b — i
S T g a
g 24| ;: b ° 12 a
.2 i 2 b = b
\"5 1.6 <1 e B g 08
%“ B g 12k 3
: i 3
£ 08 E 2 04
CEM 3
wn
0 L L , 0 X 0
SP MP NF Sp MP NF SP MP NF

2 A[EIBRBYAY e AR

K T Forest type

Fig.2 Soil physical properties of different forest types (n=15, mean+SE).
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Fig.3 Soil chemical properties of different forest types (n=15, mean+SE).
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Table 1 Weight of each soil property
Clay Silt Sand FD pH TC TN TP AN SOC AP AK MBC CR CI
0.030 0.044 -0.027 0.007 0.087 0.194 0.207 0.174 0.221 0.160 0.215 0.187 0.177 0.196 0.209

Clay : Kifi; Silt: K3Hi; Sand: BPHL; FD . /0 BIESL Fractional dimension; TC: 428 Total carbon (C) ; TN: 42%( Total nitrogen (N) ; TP 4#§ Total
phosphorus (P) ; AN: A 4L% Available N; SOC ;4 HLA#k Organic C; AP #HR(H% Available P; AK #3440 Available potassium; MBC . i 4 94 i
it Microbial biomass C; CR:#&IEFIHEEFE C source utilization richness; CI.BRIEF 5 C source utilization intensity.
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Fig. 4  Soil quality index of different forest types (n =15,
mean=SE) .
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