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Distribution and Stoichiometry of Water-stable Aggregates of Different
Vegetation Restoration Patterns in Degraded Red Soil Regions
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Abstract: In order to explore the effects of different vegetation restoration models on carbon (C) nitrogen
(N) phosphorus (P) content of soil and its ecological stoichiometry and provides a scientific basis for
vegetation restoration measures and ecological management model optimization in red soil erosion areas. The
severely degraded red soil in Tai he County of Jiangxi Province was taken as the research object, and we
chose the water stable aggregate which in 0—20, 20—40 cm soil layer with five restoration patterns (Pinus
massoniana lLamb. pure forest, Pinus elliottii pure forest, Schima superba Gardn. et Champ. pure forest,
and mixed forest of Pinus massoniana lamb. and Pinus elliottii) to explore it. The results show that:
(1) The average content of water—stable aggregates of 0—40 cm was 56.34% (>2 mm), 30.01% (0.25~2
mm), 7.14% (0.053~0.25 mm), 6.54% (<C0.053 mm), respectively. The content of soil water — stable
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aggregates decreased with the reduction of soil particle size, and the difference was significant (P<C0.05). In
mixed forest of Pinus massoniana Lamb.,~>2 mm water—stable aggregates content was significantly higher
than that in other recovery models (P<C0.05); (2) The contents of C, N and P in the vegetation restoration
model were higher in the mixed forest of Pinus massoniana Lamb. and pure forest of Pinus elliottii. The
content of C, N and P in soil water—stable aggregates increased in totality with the decrease of particle size
and the content of nutrients with smaller grain size was significantly higher (P<C0.05); There are significant
differences in the content of C, Nand C: N, C: P, N : P in different soil layers., but no distinct difference
in the content of P. There were significant differences of C ¢+ N, C: P and N : P among particle sizes. Soil
aggregates C, N are significantly correlated with C: N, C: P, N : P, N : P value is high and there is a
significant negative correlation with P (P <C0.05); (3)Soil aggregates C and N were significantly correlated
with soil C and N (P <C0.05), soil bulk density and water content (P <C0.01). Research indicates: The
improvement of soil nutrients by different vegetation restoration models is mainly concentrated in the topsoil.
Soil aggregates had an indicating effect on soil nutrient, which related with soil physical properties. The
limiting factors of vegetation growth in the study area are mainly P— limited and the macroaggregates and
microaggregates are more severely restricted by P, mixed forest of Pinus massoniana Lamb. have significant
effects on soil quality and structural improvement compared to other vegetation restoration models.

Keywords: degradation of red soil; vegetation recovery; water-stable aggregates; carbon, nitrogen and phos-

phorus; stoichiometry
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[ 0.053~0.25 mm <0.053 mm

-
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e

=i

s

5
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2
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i

!
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e
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e

o
b
o

L

L
o
L

S

i

i

vl

EHMEE/ (g kg
o
535
o

ez

S

T
o

S

G Ty
Q

e &

e
T

o
5

5

booe

v
R B AE#K
B A B AT A

TEEHEERNIEARGLBESE

C: PRFE R TIBAREAM(p<0.05) , 45 M 8 Pk & 1
A N:PHIEEER(p<L0.05),
24 THEABRUEARGKFSRALFITEFZHNHELE
ik — TR T R K S 6 - S R A I R
it A 1 A R B Ak 2 T RRAE R A7 R S S BT (3
4, EREW, LB CN S5 BEK C.N FHEAR
MR OCRE B, 1 C SHIRIK C 2B EFEMHXEXR
(p=<<0.01), 11 N HPIRMA NFR>2 mm JM 52 1
FAHK K FR (p<<0.05) Bl 5 BLAZ AU/ 3 5 H R
TR C N AYAH SRR B R B Tk, 4 1 5 1 3R
R PHIXLRARNEE(p=>0.05),



192 KRR R #0334
x3 AEAEUMEERNTIERAREC: N.C: PR N: PH{E
ey ke S — : .
>2 0.25~2 0.053~0.25  <0.053 >2 0.25~2 0.053~0.25  <0.053 > 0.25~2 0.053~0.25  <0.053
B WE/em
mm mm mm mm mm mm mm mm mm mm mm mm
i 0—20 13.26ABa  12.78Aa  15.92Aa  14.84Aa 127.24BCa 112.3Aa  111.25Aa  123.65Aa 9.35Ba 9.25Aa 6.85Ah  8.40Aab
i 20—40 9.58Aab  10.69ABa  6.96Ab 9.11Aab 48.15Aa 65.00ABa  35.60Aa  45.75Aa 4.95Aa 6.20Aa 4.50Aa 4.80Aa
P 0—20 17.54Ba 13.26Aa  14.43Aa  20.81Aa 217.09ABab 138.2Ab  141.3Ab  261.75Ba 12.45ABa  10.10Aa 9.75Aa  11.95Aa
AR 20—40 10.48Aa 11.81ABa  7.62Aa 9.41Aa 46.85Aab  58.30ABa  35.00Ab  41.25Aab 4.50Aa 5.00Aa 4.50Aa 4,35Aa
" 0—20 17.88Ba 11.37TAb  13.97Aab  15.49Aa 248.89Aa  166.1Aa  147.0Aa  198.80Aa 13.50Aa  1470Aa  10.25Aa  12.75Aa
Afitih 20—40 11.47Aa 11.66ABa  8.25Aa 9,18Aa 67.70Aab  82.00Aa  48.20Ab  49.30Ab 6.15Aa 6.80Aa 5.60Aa 5.35Aa
e 0—20 16.24ABa  13.40Ab  14.75Aab  14.73Aab  179.67ABCa 169.0Aa  117.95Aa  202.80Ba 11.15ABab  12.30Aab  8,00Ab  13.50Aa
SRR 20—40 13.07Aab  16.00Aa 9.00Ab  11.02Aab 68.70Aab  92.45Aa  40.25Ac  61.50Abc 5.45Aa 5.80Aa 4.50Aa 5.45Aa
o 0—20  1L77Aa  13.42Aa  11.51Aa  13.56Aa  101.39Ca  132.2Aa  90.55Aa  125.90Aa 8.75Ba  9.45Aa  T.60Aa  8.80Aa
BARLH 20—140 9.42Aa 9.00Ba 8.48Aa 8.45Aa 54.45Aa 43.15Ba  42.15Aa  38.70Aa 5.60Aa 5.20Aa 1.80Aa 4,55Aa

F R —Hh REREFRRRE — L ERRAEEIR G C: Nk C: Pk N: P 2578 (p<<0.05) [/ —47 P RFE/NG FHFRF—
H R R R AR C: N8 C: P N: P 2R B E(p<<0.05).
T4 TEARGFSRUFITEHEXNE

i H >2 mm 2~0.25 mm 0.25~0.053 mm <C0.053 mm
+ A HURR— A R A B 0.384"" 0.409" " 0.445" " 0.362""
T AR M RELA 0.222 0.269" 0.239" 0.257"
A R R 0.164 —0.172 —0.185 0.041
AR AR A B — A1 AR 4 A 0.883" 0.876" " 0.929°" 0.960" "
TSR AR A BB — 1 SR Ak 4 1% 0.031 0.576" " 0.522° " 0.501° "
AT 3R A 4 2 — ] R AR 4 T 0.146 0.567" " 0.561" " 0.586"
AR A Pl — BRI RAK C: N 0.775"" 0.473" " 0.781"" 0.799" "
AR EAR—BIREC: N 0.440" " 0.020 0.522° " 0.665"
AR K 2BE—RIRIE C: N —0.090 0.084 0.221 0.260
PR iR WA — A Rk C 2 P 0.928" " 0.919" " 0.889 " 0.939" "
ARAEE—HRAKC: P 0.771*" 0.768" " 0.768" " 0.875""
B RE e —HREC: P —0.267 0.244 0.126 0.209
PR ARG WU — A R ik N2 P 0.845"" 0.745"" 0.808" " 0.881""
MR A 2R —RIRIEN: P 0.886" " 0.904 " 0.840" " 0.883""
WIR k28— W Rk N P —0.287" 0.190 0.059 0.168
W] SR A A BLRR— 75 K 3 0.311"" 0.326"" 0.384" " 0.368"
PR H MLk — A E —0.440" " —0.349" " —0.451"" —0.363""
WAL 3R A 4 o — 5 K 0.282" 0.276" 0.433° " 0.403" "
MEELH AE —0.380"" —0.358"" —0.442"" —0.358""
MR AR 2 — 3K E —0.051 —0.034 0.126 0.096
Rk 20— A 0.061 —0.102 —0.234" —0.165

e x Fn p<L0.05; * x Fix p<<0.01,

A R AR CON ¥ 5 4 3 5 K R A 3 I A
KKFR(p<<0.01), 5 1 HE2 d 43 Jil 24 35 1EAH G
(O AN L ER (p<<0.01); HIEFRIK P & &
5 e s KR AR TR FEMELR (p=>0.05),

FRAR AR C 5 N ] db 2y S A B 3 TE A GG
Z(p<<0.01) , M1 ZRKLF] 0.88 LU L, Bl A2 AU/
BTG FRIR C N 35S P BRI 535 IE A G
KR (Pp<<0.01,B5>2 mm Fb) . Sk L HIRIE CN 5
AR C + N 2 AR (p<<0.0D) 1M P 5 H R
A C+ N AR BRI (p=>0.05) . 1L4h.C 5 C:
N AR 85 T NP, ANERAR R BA C N

HHEC: PYEMREFEIEME(p<<0.0D,P 5 C: PBR
=2 mm B A7 FE 3 A G OC R A0 B 3 A DG E R
(p=>0.05), FHhEHAEEKCNE N: PRI D
FIEA R (p<<0.01),P 5 N : P {1k 5 A #2510,
XAE=>2 mm BF5 N = PR 2 656 (p<<0.01) .,
3 W
3.1 AEEHRERRKI L EKEERRENZME
- 9 A ARG i M AR Sk - R 25 M 1) B OE AN 45
Prsg i 3 i, i T A A R R A K Rt A
ARG AR K AR M R AR, 6 10 0 1 o B v 3R KRR
P A1 S OR B B B T /N A T SR AR L DR I K R v 1T 3R Ak



5 4

12 55 < 1B A 21 R IR S T 3R A T A 2 1 B AR AR 193

Bt 1) 22 /0 T RE A S R B R R R . KR
S AR AR 1 53 A7 U g 25 AT R o BE ) DL B+
HELE AR B RGP L T >>0.25 mm K Ra M B4k 5 A R
1 BB TT DL S0 M 2 R AR 4 e A e T
O E BEAE AR . =>0.25 mm kgL R R G AR AR L
151122 30 R T R YR A 4K 90.76 % 1 AR TR 3E bk 88.29% .
I B AN 4libk 85.80 %6 (i HFA 4l bR 85.98 %6 L A fif 4l bk
86.85% . X —&5 R4 AT R — B 1
PN E 27N o o B A NZEE - Nl A [ N =
MFE 5 AT LU A Hi B AR D R R S5O i TR 28

T BES AR TR S AR A i 5 B 2 i T Albk , LS R A
AR 2E 5 R (p<T0.05) , Ul B BT i 1R 5 ARkt - 38 45
FAY B A RO B B o AR 2 S St A o ] TR S T
DA JIn 3t 5 Al v 490 M 0 AR AR L DA T 486 = A AL
Jot 5 Ak PR R AT SRR B4 I s 04 9 W ) B i T L
o i TAELURES 25 i 25 Ml 2 A T B9 8, AT i/ xR
ZiR 2 Z N ORI R IR 37 N 0 B NS B2 SN oY 1
AR ARAT P 22 5 IR AR AR A AN B A ) R ST
PR AR R X AE — 5 T L5 R b SR 23 1Y 3 A K
SRR BT

£5 TAMHKEERAEDSRS RENSHBE

TR 52 Ao/ 2R/ 2/ Cin Cip NP HIEDEY &/
(5, (g kg™ (g kg ") (g kg ") (gem %)
DRI 465.69148.24A  11.8940.71A 3.74+0.31A 40.9340.74B  140.674+25.01B  3.45+0.31BC  359.03+35.08A
BHAA LA 472.89418.59A  7.4340.59B 1.01+0.18B 58.9242.48A  485.55417.74A  8.27+0.36A  398.06%20.06A
AfFaik  355.43+141.26A  14.85+1.06A 3.014£0.45A 26.99+1.17C  157.50430.81B  5.96+1.26AB  257.41+18.02B
DA 469.64146.12A  14.81+1.33A 4.0340.44A 35.60+3.75AB 138.954+14.33B  4.2240.90BC  398.81£29.56A
AWM 463.734+52.50A  8.57+0.67B 3.4140.22A 54.01+4.37A  147.994+13.45B  2.77£0.23C 372.88+17.09A

TE AR KRG T R 3R 7R AN 5 e 1k 52 A8 X ) 08 9% 4 2 Wy ek B 5 00 ik 22 5 W 35 (<<0.05) .

32 AEEFEREREAI TERAREFS B0

A SE H , AB WK A2 A R G B R TR P 0
VSR AR 7 23 o3 A R A R W o3 B TSR AR CON
P AR S 28O0 R LR AR C s S R Dy oh AR
E IRl TSR ™ AR B4 7 W o0 i RN ]
Fr o3 AR DU Y 28 S 38 J80RY 5 17 AT SR AR PR S e
AINFCINL FEZREM T PIOLRE—F UL IS Y, 1
L TR R AR I P A BN Y — . A
PREZHE M L2 CON S EAEREER  RKEL
HEPTRAR CON &g By TIRZ B4 R W L4 CON
TLHEMMRBEEARZ L, —Jrm EZEH T &
MR Ve Y R IR R T RS ALK, &
WA o fi e L, SRR AL B B BOR A A T
AP 8 AR R R LA DL S B 7 — T
TE 18] P K s 3 18 7 00 R AT R0 Dok /> T 9 e okt 3 Y
KT SRR R B R R WA,
BEAh R AR AR 0 S35 oy B4R THEE 21 T AR Ky A
FHHE AR 2R S 5 B HL o D 1) o A 0 0 C I
TR MRAAR AT B E i 36 A= T 5% LR A
W AR T 22 03 U8 B B VR W0 o0 i E N R AROK
2R B A 0 B A 2 TR R A A 8 R AT X 2
RELHSWELEC N T EEZF BHEWEZEN,
% LJRE L P A RO B A A, A SR )
e AT R0 AN T AL VA S 4 it 1 38 PR AR CONL P
FAAE R 25 TE A OGPk 56 2% L LA e JE Y i [) 22 Ak
Bl C 5 NMKRMET] 0.88 LU L LI P&
HAMREFESCR .

b A L K RO A b e B T, RE AR

AR S e A R R A A e e g A D)
R, HIEAVR S ES TIEAHE B EM, I
A, A P R 0+ AL B R K B E A
X A A AR . ARG S BT R T, 1 I SRR
C.N 5 H M S KR 2P EFHMHEXR (p<<0.0D),
TE2E 1y 3 3R Ak 270 B o A v, A ) DA A 358 v g BSR4
TR B TR AR R A A K R v A A
25 A IRV B AR DL AR B K 3 BR A8 1 I
+HE C AN W IR /ER 43 C AT N AR DLFLRN
THEAREKP SRS HEAE. KR LR EM
KPE ATRE R T POLR FEoRIE T 1R
HRHE A 5 2 U R 3 Ay 5% 40 4y Bbn D L 0—
20 em R 2R HIEAHLE T —HKF- (>40 g/kg)
SRR T %K F(1.5~2 g/kg) » WAL T 75 F ik
2KV (0.2 g/kg) . AH B S A58 A0 - 48 AT 2R
IR S m EEEPRE 020 cm 12, 11
VAT SRR 55 43 Bt R A2 /)N A 39 300 Ay 3 15 A8 A L K fir 4
Mk e Ty KRR AE HK<C0.053 mm H BIEm SR B ES T
At P SR A 150 W) A 4B 4 PR A 3k R v, O [ R R
BT 4 HE AT R AR A BB % i 09 52 e B AN ) LA
<20.053 mm A HL8K S 528w . H o RS 2l AR R Dok
TR MR SE M N SR E . — 5 13X 5 2 H 46 Y iF
FEGE IR, R WINPT R AR B BT 1 57 43 18 K g
I BRI R RRAR BN, H R AR, T A A
ML BT3Bk 22, DT/ AT R AR C & i T R TR
RN 5y — T T U BH AN ) A K A2 A it ke - 3 A 2R
PRAT BB 7 o 14 52 ) B BN [, e A AT B AR
R, P RAK TR 5 40 A BB VIR 40 A
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%33 &

SR L R AR IR B AE FE 2500 A 5 - 3 A 26
LUIUNGSRCESIEAINEE 2N R ES BN i B s 7 J e
JE L I R R Tk 2 A 2 S R A
AT BEAH C 33X 2 5 BOR [ X8 A1 3R 0k K 55 434 A A
e S R R

KRB, AR/ %+ C NP 5H
ik R 22 5. DARIRSEARAE 5 FhoAs 9k
VS i rh B 2 ek R R AR AR e
W AT UL AE A Ml AR i DX 4 3 5% 43 3 RS i L AS i AR
PPt R TR S B R BT, R T T R, &
BN 22— T 4 HE A R AR H LAk 32 2ok [ -0
TR LR R A RN R TR SS AR T P
A LB AR AR SR TR W A S R A Al
g E R 25 &l E R REEY LY
7 1) 55 T b P S AR AR g7 2l bR 2 S B (p<20.05)
(F 5);MAh, BT E WA R JHTEYI C 2 NI
C:PHMEWHMERZIEMLELR,N PR
TS ARBF I Afaibk C + N g KT H A 4l
Bl 52 A5 R b A Al bR SO A TR S AR 5 T A 4l Ak
Z5 W E A PR ER L C 2 P38 TR i
FAGlAR s AR S MR ANE AR 2 AR N = P i &I %
BEILE /TN o AT N sl N T A2 (1 O R NP TIEL 07 NPT R /N
C: P.N: P 5 HAA #3522 7 E 82
T P A it B s i, I8 95 0 09 Ak 27 T R AE R
AH TR 28 PRI 7 0 3 fife 3 R A v %o 498 5% 43 1)
N . TR AARAER 5 2 1 W R 55 B K R T L 8
27 7K BT R L DA T A5 AT SR A P A R ik 2%
15, [ 4 b 38 i LB AR IR RE . AR ar PRRE S A3 B
AR ¢ it 1) R e 4 B D 28 R % 4 o B D W
RO A 38 % ) G U Ve A B W AR R AR
JE B R BUCA AL E A 4 S RIS B S
PRALFR A A . MM AR5 TR ARTR SRR B - 58
L IND iR R A N T T N R N A N 2 5 )
TR B A A W 0 PR AR R S e ) 3
Oy (3SR B W b R SRR T, FE A b R K
it IR AT AR F T AR TR B8 AR5 W AR TR 38 AR A
WYY R A R EOR S S R RS M T =5,
Xof R A B IR S ST AR 31X R I 4 R A R A
ASZ 8 9 0 A 0 i B o i R R Y S L LAt R R TR
235 ) 3L 37 43 R .

20—40 cm + )2 HIFERIRIEK C NP & & ffi ki 72
WUNE AR, SRR C.P &R
HEREES, £ 0.25~2 mm K% F DRI C
D TR ARTR AR, — T T 8 A K A2 e
FESEM 0.25~2 mm KK +HEHE RIKFE 5, 5 —Jr
T & B AR 38 MO 1 3835 0 42 FHE A/

33 AEEHREEN LEARGNLFITESE
B %2 M
BT E TR AR B 2 F i

IR MG LR N7 & ik o R A AR R

Gy HAEHIM e B2 B LA T AEY S WL

Pl S SRR R R A R T A H R B

B 25 55 F AR AR R TG B i T i 22

KGR EVE AT, 25 C: N P HA K

Kz )28 ek, A5, 13 C = N B F R EK

C:P.N: PR, FZEH T LI C.N FEZ [ 41

BA—3t, 88 CON fE 9 5% I, 3X 5 BRE

TR HERSEIE — B B C N & i 2s [ 48 Sk

BR AR C = N MR ERE . AR £, AR AR

C N BB EHLLR(p<<0.0D), HeE+1HEC: N,

C:P.N:P (351K 11.9,61.0,5.2) LA K FHAHF Y C :

N.C: PN : P (4354 12.1,78.0,6.) A L., 5 FhAH 4%

PG R RZ (020 em) P HHEFT R K C.N H$2E k

RE G R C N K A B 15 it B B —

T T BB, T MR A 1) [T DA R T R AR i AR e i B T

HEMIEM., LRREXBIRE C: N A B EZ .,

& HZTRERSEIN C ¢+ Nl 3% S e T - 39850 18 1 4

R AR A A6 . RARE WE R g5 R R R AR

P RR C+ N JC i E W A5 020 em +)2

Hh AR S R R e 4l R R A TR S RO [ R 4%

PR -3 C = N fEAE I 35 25 5% 5 I R B, ki 428 Xof

ARfrafi bk & AR H CON FiA B EZ I, &9

gt la] C = N 22 5 0] B8 5 A [R]RL 2% 3R AR AR 15 5% 4%

(R FiE J A O A AT R R AN (A ASE % - 8 5% 43 di ACIR I

BN 3 B . T A Sl bR R A glibk C = N 35

TR AR SR 33X AT 8 2 T AN (W) A 4 S 0 by |- i

THEY o R 2B CON Y R

FANIA] AT B R AR C + N FEAS [R]AE B K &2

B TR A AE — 1 25
+HEh C: PHWAEN L P TR LEE 1k

OB IAEE P B RS ) AR EST . 54 E KO R

KA L BRI X 4 C s P AR R, R 4

MUEWHAREGE P, RHEEARKC: P

e i LA T DR /N B RS AT S T v B A, DA

IR C: P SRR  IX 5 C IR MR ] 1Y

Oy A L RNV A R AR P ooT E A U

I, HEM X P A R AT, £ C: P& T 300

3 P E RN AR T 200 B0 2 A @4k B L

BAHIKERR P I P CEMIAER T L, 5

C: NEL.SHBEKEHRX C: PHAERELER,

)5 PR S A R AR Bl R S A5 X E U T W o i R 1 3R

SR E SR, WA L2 RN, LEC: P
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FEAL.20—40 em + 2 HHEH R K C : P ik g5 5]
4 [ B WA K 3 T R C ORI T M
Yo RIS o A4S C R A L
AT BE BB I, A LTI T A D

HHEF I NP JT A A K I E L B
JCE, LN = PRl AE Rl W 5 43 B0 48 R 1 4
FroN: P Ryas )2 g B C 2 N R R INAE T N,
P (23 [ o0 A AR — 20 MXHEAR I N+ P il B
N JCZ XHE 8 O H 29 Rz Ui P oo &
PR IVE . AR Z AL 0—20 em + )7 + 1A
BN = P T4 B O RGT KRR AR AR 5
LN P OB L P AL TR R T = KOE L
TIEFEZ POURMRE . A, AR RE -
ANFEPIKE R L HE N P LA>2 mm B K F R
PRFN<<0.053 mm A3 AT SR A4 e K, 3R W R A SR K
FL A AR 2 P BRI A FH B ™

THEHBIR C: N.C: P & N : PHE - ZE
JEE B 36 i v HAE R i 25 7 (p<<0.05) , FE
TP BN E M CON EZok [ Fib
L UEIEY T R 05 LA R T AR R i L B
)2 R 38 TN 2 AN W /N o ELAN [R] A B K A2 A K 4
TG EAELES,

4

(1) AN [RIABE R SN 3% o ) i S ) 2
ST RZ 8 BN AR 1 A R R 3R oy A
SRAYERERE J) ./ VRAR AT R IR CONLP & i SR s, B
FEEREES, HHCS5 N KEE—,

(2)%F H 3% 1 P AR CON P A7 7E 2 1
FIEMEKER(Pp<<0.0D) . HEAKCNE C: N.C:
P N: P YRR EEAMICKER (p<<0.01), 14
PR C, N Ffb 27 i i R AR X 3 57 00 B 50 1Y
RAER . A5, 88 N+ P H SR &, 2 H
Ko BT 22 B 2 Hb DX B A K T B A7 A SR PR L
R P R A R A SR AR A2 PR A o ™

PR X 5 CON.P & &k T
AT AT AR B s 2 PR A e 5 2 T D R TR S bR I
NN N 3 SR G e i

DARBRZEM =2 mm +HEHAREKSTEEES T
Ho At 2 A (p<0.05) , & B B A TR 28 MR 5 A 4L
WO A, TR ITE S A B R A AR AR e i
B RIS
5% 3
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