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Abstract: It is unclear whether the soil carbon sequestration capacity of plantation forests can reach the level
of natural forests, especially under the declining area of natural forests and increasing the area of plantation
forests on a global scale. Taking planted and natural Pinus tabuliformis forests in the Ziwuling Forest Region
of Loess Plateau as the research object, the distribution characteristics and correlations of soil aggregate
composition, soil organic carbon (SOC), different degrees of labile SOC and Glomalin-related soil protein
(GRSP) in 0—20 cm soil layer of different density plantations and natural forests were compared and analyzed. The
results showed that: (1) The total SOC content and the content of its composition: very-labile, less-labile, and
non-labile SOC in the whole soil of the plantations were significantly lower than those in the natural forests. The total
SOC and non-labile SOC contents increased with increasing stand density, while the less-labile SOC content was the
opposite. (2) The total SOC and its component contents of each particle size aggregates in the plantations were
significantly lower than those in the natural forests. With increasing stand density, the weight percentage of
macroaggregates, total SOC content and non-labile SOC content of macroaggregates of plantation forests
increased, but were significantly lower than those of natural forests. (3) The SOC content of the plantations

increased with the increase of stand density, and its peak value was 17.95 g/kg, which was 65.5% of the
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SOC content of the natural forests. Among them, the number of macroaggregates and their SOC content was

significantly reduced, which was the main reason for the difference. The percentage of labile SOC was negatively

correlated with the increase of total SOC content, GRSP increased with the increase of stand density but was

lower than that of natural forest, and the total SOC content was increased by increasing the number of

macroaggregates. Increasing the plantation stand density can improve its soil carbon sequestration capacity by

increasing surface soil biomass, the number of soil macroaggregates, and the GRSP content, and reducing

the percentage of labile SOC, but significantly reduces the plant diversity of the plantations.

Keywords: plantations and natural forests; soil carbon sequestration; organic carbon of different particle size

aggregates; different labile organic carbons; glomalin-related soil protein
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MWD 0.569* 0.434 0.477* 0.401 0.375 1.000 0.968 0.530 0.624°
GWD 0.587" 0.465" 0.533" 0.476" 0.446 0.968" " 1.000 0.521" 0.638

T % x RIRTE 0.01 ZE CRURD M PR3 5 » FIRTE 0.05 25 CRURD AP i 35 .
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30 AIHSRAREBNBEAREEENBES
BHERFEE

A ST K B N T A bR 4 R4 A% - P 2R
K11 SOC & /3 8 &K F KA, I B 4+ ki
RARKY SOC 7 it b bR 43 %% BE 04 385 i 38 i, I b 4>
+ SOC & i ¥E A R KIRMM 55.4% (] 3), Liao
SEU ST N MR A: 25 2R G e it ik AR T R SR MR A
28 Yo W FE 45 FEABIE B X — d . ARAFGRHE— 25N,
N TARFR IR SOC B 1 25 5 1 22 RN T Ak
- R AT SRR Y B i S SOC & it Rl AR 1 3

BT KRR, a5t h 3 Sa R . (DLDE 1
HP 2 B R b RN TR A R A R AR B
39.2% , B EAR T KRR 54.6 %0, F B - K HI R
A B BB AT DL S SOC &5 (O 1/ 3 dh ATk
KA R SOC & & B F LT RBH, H SOC &
HIMEA I RAME 69.2% , FIHF % 5 Qiu 2527 Y
F 5% 25 T AR, B 9% 2 3K P SR ARG BLBR it 2 1) T
Rof 2 Pl K AT R A 0 K T 3R R A BB ok T R T
5 (3) Bl 2 FURARE BE N TR A 4 18 A R R
PR AR T KRR

AW ST I8 K B, N TAK 4 4 K A1 3R 4 A 7
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SOC. BT SOC i 84 SOC M H 4850 & i T K4k
A, ELIBER 72 B2 B4 38 T S 35 B ARG, A 75 M SOC 4
SOC [ E 53 BOR T RIRMR , HLBEAR 5325 B2 B3 I &
IR O, XU A DU 1R U AR
M SOC, HAKE T K AT R4, - 5 i P & 1 SOC
eI B R F SOC MR ER . 1 5, 32 R Dl i 1
SOC 1EH IR DU AIE PR 43 25 2 % IR AE )
A AL R Y RMSORI FE  AA MUT R A B 3 h s, 3
T P o AR PRk 43 T R L T IR TR R 4 R T A g
Pzl A 2R ok, BB Y A AL O M AR SOC
Lo 91 6 veg ) A HLAR AR R R R T
SOC ittt (3G I s FLUR, 76 0 8 19— 20 30 R
MW RT , - SR A Wy 1 43 f e 00 P] RE A AE — 22 1Y
{B . HI T RN = 25 2 ARG 1Y A ) B B B
(£ 2), I 5 A WA DL 33 ) 4 i Be
R i R B Ok O A BLRR s 53 Ak A
SRR A AL i 4 PR AP 4R A A 2 e ] 1
FERLH T TR A AL SR A 4 A R AR ) e 45
MRV M SOC 78 Y B 5 R 14 I 45 W I i, [T SR AR AN
Gy B W A3 18 DR PR BT Ok 1Y) AT R A B AR I
SOC 18 5 A HLER B R 1 FE 2RI,
3.2 GRSP.REAMERAZWEME A I Hn

KR HRBHER S T BN

GRSP E A W0 10 R BE R 45 41 /) 1 e Uk e
B AR S A A R A, HL X 36 o - SR T A ) o kG
g O E Y ST ARER R B, AT
M4+ A T—GRSP #1 EE—GRSP & # % T KR
MRCEL5) , ) I AR OGP 23 i 2R B W& 5 4+ AR TR]
AR R AR SOC & i K A R E S8 2 B E
IEM KRR (F O, XU T—GRSP 1 EE—GRSP
BT DU 4+ SOC MR, X 5 RIS 56 F 78
FEWEK A s FE o GRSP AT DA AT 5% 448 58k -+ 198 [ % 4
IBFFE A R — 3., MHCPE TR, T GRSP 5
4+ SOC &M IEAH KM (0.871" " ) B, 1fif EE—
GRSP 5 PR (R F U M S J IE A 1 (0.650° " ) BT
(R 4 AT R AR 2 1 S B0 1 8K, I 36 OR KOkE
e AR ST X U GRSP BR1EA SOC iy
YR 4 B A R ARG PRk B & 2 A, HOEE—
GRSP 3 %238 o8 £ = P 2R 04 B2 e i (] 422 T K 1A 2R A
B, i L F AR BE SOC ML ER ., X5EA K
KT GRSP fEH M ®F 58 85 A A, Hlh
GRSP AN B 5 /0N 1y 1 398 150h7 2 2R pl R e 19 141 bz
G548, 1 s LS e P T LA M ] B B 0
FRrplE EEAEH ., AR K, A REp T

GRSP 5 SOC % i 2 i FIE M C K R, Al B LA 5
Wk, T—GRSP & it ¥ 78 1 141 1k (0.053 ~0.25
mm) R T IR B S, B8 B i AT R AR b T—GRSP 7]
DA R R AE A HEmk P 1 A8 1k

ARG KB R R AR MEE LY RS
SOC Fam Ak —3 Gk 2. K 3). FHIEMED Y
KWW H 54+ SOC & it Mk A X R . [l i
W5 T—GRSP fl EE—GRSP £ i F#H X X &
(£ 4), ZIEF P GRSP 5 SOC FHEM LR, UL
AR 22 A4 )k FNR 95 0 A8 0 F SOC B ER 1 5% i B
FHE2 Al B S B GRSP ik 4% SE g . X
J2 R Ry AR AR B 1 A R R A ORGSR A AL
J B AR R (AR AR R A GRSP X
BUBR 8 [ AR X SOC FRZE 1y & b |

25 LB N TR KRR SOC 43 #i 25 5 19 )R
IR A 58I Oy 202 KSR BR I R 7 i A it AR R
A= e ¥ A v L R & TR R B AR R L3R B GRSP
B ik, T GRSP Ay - 58 A1 544 1) i 45 9 Jo » AN Y
I 32 P 3R A K 1A R AR B4 T o 3 5 e Re e . AE
BCPVE TR« R SRR 1 R 1 58 A 50 et o L i1 A 1) A5 AL
B % o S 2 I, BTG 0B SOC & i, 7E K [R %
JEN T AR, & % B N TR R 3R A i & B
SOC % # \GRSP & i ¥ 5 T IR % B A AR, At H:
BSOC & s . R ARARAN i 25 B N bR P 30
BAKH SOC B 40 & = Ho b For e g A7 1 ok
W SOC WA,

PAAE YRG0 e B L R 7B TR LA 55 T R
At b A PR S EIITE 010 em &R Ee, H
B = 2 R B 0 3 i R A . PR AR BIE S X 0—20
em HJE KRB, N T AR SOC & 5 B AR %5 1 3% fin i 38
T, I e B ECHL A L U BN TR - R R h A AR
KEFETE 26 5 —J7 1 5 2 A W54 L & AN [R]
R G35 [R) A WIS 75k 7 v A1 D) 2 A2 A% ol 1) 5% 00,
TA A AR [ F 5T 2 B L A TR PR 43 5 R A S A A
SOC 5 it 32 B Ay 25 %5 B T A bk = v 28 B2 i b bR > IR
W BEIMAN AR AR ST 45 R — 2, SR = A A g
R BT, AN [ AR 43 5 B B 0 B AR AR - A8 19 SOC &
30 e W R AV %8 B PR B v R 2B BE PRy B
WG B N T ARAE ) 22 FE P 18 2 8 T R ARk, B
IR AR R ) ZREPE R e (R 2) . 5 SOC
BB AR AR AR A S (IR 3) . AR 23 5 R 9 4 iR AR
B RN XS AR DG IR 3SR 40 K o S IR B I A
ST H T AR A I AL bR P R ] S
BE R T A Ul 55 A R T AR MR OR 8 A R RUPR T 8
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it GEUR AL 28, DT ZE AR 25 B A3 A ) 22 B 1k R
T [RIE JRy b B B A 22 S A5 e O VR W0 1 4y
fift 1 SOC MBLER . & peie™ s £ M, e du vk
i B 25 BE /)N H C/N AR B 2 /N & AR Bl As , M
T i HL R 95 0 o . ke 5 AN R BIF O R B,
8 B K TR AR AR I L T K ot A A TR
Yo oy ik . BB A% B2 AR 53 ) 22 RE P i 3 A TR
A 0 I 08 % o T AR AR o A i s R, gk
o e 25 1 R 2 i A A A AT SR WL SR DA VR S
- U8 5 TR G 5 X G i 38 7 AR IR N,
PR V& A3 i 22 30 W S5 AR L AR A 5T v X S A B
DK R B 52 M ] V5 400 04 4 i 2o e, AT I 285 88 A 4
T SOC W& = AK.,

4 g

(1) N T R A= g 4k bR 43 %% 18 18 i 7 e
WY Z AT B Z . RARIMAS AR AE P i A TR
BN TARZ IR W) 2 BE AR B T b L 2 N
TARZIE], Y 2R S SOC F it .

(2) N TIMAA R 2 58 4+ 45 R B R AR 1)
SOC % i DA S KA AR FC 8 T R AR, e 4
SOC &N 15.18 g/kg, 4 0 KM SOC & &
(27.39 g/kg) Wy 55.4 % . Fifi N TMR%E B2 A3 I, 4> 1
FR A RAK ) SOC & it L K KA 3R A ki 1 35 14
s 156 B 3 P SR AR B B I HE SOC & iy i 3
e S BUR SOC 3 m iy E 2R A,

(3) N T A2 5 4+ ok R Ry 3% o
SOC (& SOC A 40 803 82 & T KR Ak, H Rl bk
34 FE BRI e 2 AR, AR T M SOC B SOC
(0 43 B AR T R SR PR LBt AR 2 285 B A 348 i i . 2%
Hohn, wd B - A B A ek 0 ok R 3R B R AR T
SOC, HARM T KPR A i H b iE ¢ SOC iE
O T N R SOC LR .

(DO NTHFEE L3 GRSP & LU K AR & FiL
Vo W AE W k3 R R BN T 3G 0 EL 38/ T R SRR
[f] B 24 15 4 = R0 [ 42 AR SOC 5 i 2L % H
RUEREHSHE R FEMCEK R, UL GRSPR
FAEY R RE 35 ) A ) R AR i SOC FHE 1y
%, Hd EE—GRSP 0 5 T3 i 2 = A1 3R R fa e ok
Vi) 2 T A AT SR AR B8t 388 i, AT 2 1 SOC FHUER 5 Bt 1A
R R T—GRSP 0] LU R FAFE 5805 2 (19 25 1 .

(5) N TRk B 3 2 ml LA B 3 i 0t H: SOC i R
B Il A RARAR k. M HERR Y
FEERT o % B N TAMRE A A F SOC L&, g
6 SOC & 524 17.95 g/kg, 20 KIRMR 65.5% , i

BN bR R 2 3 - B 1 BB 0 1A AR R4 T2 1)

PRI 6 N PR 3ok 8 o, 3 R 3 i N AR 1 bR 3
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