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Vertical variation patterns of soil labile organic carbon under the different tree

species for the Grain for Green Project in typical black soil region
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Abstract: To provide theoretical basis for restoration of black soil and tree species screening, the vertical distribution and
its influencing factors of soil organic carbon and labile carbon fractions of converting cultivated lands into forestlands in
typical black soil region were investigated. In the typical black soil area of Northeast China, three return farmland to forest
land were selected as the research objects, and the afforestation trees were Populus X xiaohei, Pinus sylvestris var.
mongolica and Larix gmelinii The research studied the vertical distribution characteristics of soil organic carbon, microbial

biomass carbon, and dissolved organic carbon and their relationships with soil physicochemical properties and soil enzyme
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activities. The result showed that; The soil dissolved organic carbon content ( 1578.56 mg/kg) at 5—15 cm was
significantly lower than that of larch (1936.98 mg/kg) and Pinus sylvestris (2046.07 mg/kg), The microbial carbon
content (2151.53 mg/kg) was significantly higher than that of Populus X xiaohei (1298.32 mg/kg) and larch (1164.75
mg/kg) ; The dissolved organic carbon content (1541.57 mg/kg) at 15—30 cm was significantly lower than that of larch
(1957.04 mg/kg) and Pinus sylvestris (1881.31 mg/kg). The microbial carbon content (2256.99 mg/kg) was significantly
higher than that of Populus X xiaohei (1708.50 mg/kg) and larch ( 1200.55 mg/kg).Soil pH, soil total phosphorus
content, soil water content and soil bulk density were significantly different among different tree species. The contents of soil
organic carbon and dissolved organic carbon decreased gradually with the increase of soil depth, and the content of microbial
biomass carbon had no significant difference between different soil depths. Redundancy analysis and correlation analysis
showed that soil dissolved organic carbon and microbial biomass carbon were positively correlated with soil phosphorus
content, and soil organic carbon was positively correlated with soil nitrogen content, plant fine root biomass and B-1,4
glucosidase (BG ). After returning farmland to forest, the soil organic carbon content of different tree species was not
significantly different, but there were significant differences in soil dissolved organic carbon and soil microbial biomass and
carbon content between different tree species. Soil total phosphorus content was the most important factor affecting the
vertical distribution of soil organic carbon and soil microbial biomass carbon among the three tree species. Soil total
phosphorus could explain 27.33% of the variation of soil organic carbon, soil dissolved organic carbon and soil microbial
biomass carbon in the forest land of different tree species. The ratio of soil carbon to phosphorus could explain 24.37% of
the variation of soil organic carbon, soil dissolved organic carbon and soil microbial biomass carbon in the forest land of

different tree species.

Key Words: black soil region of Northeast China;Grain for Green Project; soil organic carbon;dissolved organic carbon;

microbial biomass carbon
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1.1 R IXHEN

SIS Hb A T RV vl L sE 1 4 37 (48°12'—48°23'N, 125°8'—125°37'E) . v Ll 4 37 4k 45 At i
BRI A X, B HAEIR , FEA ML & s, RSB FE Rl KB XA, R SR W, &= T,
HA AR BB K 52 501.77 mm, FEAETTE 6—8 H 7 AF PSR 0.9 C, H bl S ik F 36.5 °C,
IR AE-37.6 C 22y, TTREHIZIh 130 d,

FR1 WOSEER
Table 1 General characteristics of stands
o M4/ cm P . ,
R Fh i/ a BRATHE/m 1S P41 £ Wid&H)/ (g/em®)

Diameter at

Tree species Stand ages . Planting space Canopy densities Litter
breast hight

INEBAG Populus X xiaohei 25 21.35 2x3 0.7 2.17+0.53

P& Larix gmelinii 25 14.05 3x4 0.8 8.07x0.72

HEFH Pinus sylvestris var. mongolica 25 20.84 3x4 0.7 0.98+0.19

1.2 FEHbIERE FORFE

2022 4 8 A 7ETE 1A 7 [l — ML 5 Ve B AT AT 1Y 25 4R 2 /N SR Ag | K H A R A AR AR I ST R 42
JUT 1 b A 7 T[] — 395 T[] 355 57 () 3R AR M, | AR B S MR AN [) A 07 5 5 b A 5 K FN 4 oG, LA B =R
TR AR —3, T3 3 Al 37 s £ AR TR) HLAS AR Gad P a4 it A 255 B i b2 ARV P
AR, RS FARIE BE £, LR BARE BEIESH R 1, PR RE ST UG | 1A RSB AL
WHE 345 mx5 m BREDT W R3E A& R AR SR AT HORE . BLARCR . (1) ZEREASRE DT INBEPLIEE$E 5 AN HURE
RO S EAR 10 em AR ICEE M 3G 75 0 , 1 1R — D7 v ISCAE 1) b e A 95 W TR B 18— A il s [
S T E s RAGVE W AW R, (2) FEBA R SR A R4 0—5 em ,5—15 em, 15—30 cm 30—
45 em D HEIAR R K TR — R HUAH R RBE 1 5 AN RESIR A 5 AL 58 2, Akt AR <1 mm A 4IAR T30
SER R AR AE R . (3) 7EAE N IBURE 35 45 em TRIY T IE5ITH , 43 91 5% 48 & TR B 19 1 S RE I W 4
AR R R BE SR AR 1 - B AR A 505 43 B 2 103, 1 0% 3R Sl B RS VK AS AR TELAR 32 ] SE 56 %=
T S i v A WL Sl s b 1 s RS R I 5, 55 1 (ke iz S8 = 5 AR, 3 2 mm
TGS T A LR AR AR S R L pH I . RN E RN EE AR S em IR T]
BUSCIR A T 5 4 e R+ e ki
1.3 FRE T E

A DL A A HTL (multi C/N 2100 A2 ) 54790 5 ; 89 A HLRBI 52 o 25 88 1K 5 fif
() HERE i 521 1Y HUBIR A TS AERE IR 1 LA 200 rpm M%7 30 min, 3% 52U H 0.45 wm MUEREET T
U8, HARE T (multi C/N 2100 FE ) 0 58 H 0 A HLIk & 12 . HHERCE Yk (MBC) SRS B 2%
Pt

38 pH ] pH 1 (PHS-3C, LIEIE B RLA A B 7)) M2 (K 5 ol 1.0:2.5) 5 385 /K 8 At
TR AT E 5 34 RN E BUE IR TI0 A2 5 48 Wl FH R B IR - v SRR V1 28, B IR 8 L (a3 A 7 U
FE s - HERETE MR O AL S T 0

MR B A YA 2 P BREE R AR <1 mm AUAIAR RS 70 C FUET 24 E e T Hidh m, . 4
AWy (M, ) T LR A0
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1.4 Hliorbr

K HIRUHA R J7 25 504 (ANOVA ) |, S AT Tl R b SR8 B2 0 - B85 BLAS | - 383 A 1k A LAl | - S f A W
Bk . 3 EALE B A AR A W = i 2, B K P ol 0,05, SR A Hmise 03 X% 4% B 7 47 40 5 P 2 B
(Pearson %) , 7R H rdacca.hp f 1 vegan SHEATTUA /AT, PEAT T S8 BRAb 1 I | A SR TE 4 AR 200 R A= 4 X
A WU S LTS P 43 R S e FAR A SR, ZETUAR AT Z TR I T T A AR A R A LR vk HERR T
T R AL (VIF) >10 B985, FIH ggplot2 (AR, FrA Geit o iR ] R4.2.2 AR EA T

=m,/ (5X%s)

2 #R

2.1 BRPHAMRSE AR TR T 368 LR B0 A HLK & il B A 1Y 25 5%

WFFEIX 3 AR BFE M AR T 3 PR B AR LTk 41.37—75.87 g/kg, IR - BT FE A 8 T i b
fl(P<0.05) , AFFEIX 3 FAIRBHAMA RIS T3 i A DLak & 222k F D 1479.53—2255.05 me/kg,
47 5 B - SR S T AR A N (P<0.05) o AE 0—5 em 1 J2/NBAG A& A BRI + 33875 fi v A MLk &
i E R T R IR (P<0.05) 5 7E 5—30 em )20 FHATNTR - FAMR Y - RV A 1 A LA % 1 2 1 T/ R
MMk (P<0.05) ;7F 30—45 cm )2 - 83 MR A HLAR & L 7E AR FR R 22 R 2 BFSRIX 3 MR AHA AR
AR 3 W kAR AL S N 898.46— 2600.74 mg/kg, 7E 0—5 cm F1 15—30 cm + /248 FAARA +
B Y R 2 R TR AR FE 5—15 om 2R TARARAY eGSR A A RN B A A
(K1),

e A ML AN - R ik 5 A HLAR Y LEAEL( DOC/SOC il MBC/SOC) 1T DL FH K fz e 4 48
AHBRAIRR R | WFSE X ¥ A M AT DLaR/ + 34 HLER (DOC/SOC) FL AR L TE BN 2.31%—4.20%, £
0—>5 em 1 30—45 em )2 3 DMRFIAR T 14 DOC/SOC HAETRA 2575 5—15 em +)2/NBZARE 1
1 DOC/SOC HAH B K T 7% MM AR TR THAMK; 76 15—30 em +JZ 9% HAAMRAY 135 DOC/SOC H(H B & 1%
F/NBGMAEEF AR (P<0.05) o WFFEIX 3 N RFFMA AR T £ 38 6AE P i i/ + 384 LAk (MBC/SOC)
FE ARG 1.349%—4.37% ,FEARR L 2RI R #2255 . 76 0—5 cm F130—45 cm +)Z 14 MBC/
SOC FLfEFEAS R Fh A B 2257 7E 5—15 em 2R FAAMAY 138 MBC/SOC HCAE 3 & T 7% A Ak
HUNBITE 15—30 em 4275 PP 4 5E MBC/SOC Ul 525 THE AR (& 1) .

2.2 RBHEMEAS FIA AR T R S AR P AR A ) i 1) 22 5

WFFE X -4 pH | 30 & i AARA Y& | S K - A A R R ) 25 57 2% (P<0.05) , +
SRR E i 25+ A B i | IR LU R AR 2R W) (P<0.05) AR FIORN - TR BE 1) 28 AR P Bk 2 T
38 pH | IR S i IR LA R AR R (R 2)

TE 0—5 em HJ2/NEAGIREHE pH 3 535 5 TR F SRRV M AA MR, 76 5—45 em + 2 F AL pH
= T/NBARATE AR (P<0.05) , 7E 0—5 cm F 30—45 em 4 JZ H 3wk & 86 AR W R A
255 MAE 5—30 em TJZFEFIAME 58055 & B 2w T/ NBEBK(P<0.05) , 75 0—5 cm +)2/NEMHK L
3B KO TR AR FAAAK  7E 5—15 em 288 AR 3 5Kk i I = T IR A ARORI N 2R A
M, MAE 15—45 em + 2 BIESKETERRIMFEA 825 78 0—S5 om HJZTEM A 85 B 35 5
FHETIIR(P<0.05) , T #E 5—45 em + )2 HIERTERFEMFEEA BEZS, £ 0—15 em 12/NEGH
TR A Y o TR T AARK (P<0.05) , T 15—45 cm 1+ 2404 Y 7E AR R ARG 53525 5
(#£3)(P<0.05),
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Fig.1 Vertical distribution characteristics and distribution proportion of soil labile organic carbon among different tree species

AT R B R R ) e SR BE AN [ R Aol 71 2 5 . 25 (P<0.05) , AN [l /NG - BER R ] — A AN [a] L VR BE 7] 2 5\ 25 (P<0.05)
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Table 2 Effects of soil depth and stand types on soil physic-chemical properties, enzyme activities and fine-root biomass

N-Z.Bk-

B i , , 1,4 N o 4
b=t " 2R X AL e 1L RBELL  B-D-H% %ﬁﬁ;‘i THESKE LHAE ii;ﬁg
Factors P N p /N c/P N/P Bt SMC SD =

BG Mroot

NAG
43 Stand <0.001 0.06 0.001 0.266 0.132 0.053 0.281 0.155 0.009 0.012 <0.001
+J2 Sol layer 02689  0.008 0.033 0.966 0.04 0.173 0.561 0.060 0.755 0.661 0.008
R AR <0.001 0.111 0.012 0.133 0.039 0.942 0.551 0.407 0.036 0.926 0.453

StandxSoil depth

N: 2% total nitrogen; P ; 422 total phosphorus ; C/N :BRZ L The ratio of soil organic carbon to nitrogen; C/P B L The ratio of soil organic carbon to phosphorus; N/
P& LL The ratio of nitrogen to phosphorus ; NAG ; N-Z.Bt-B-D-HiZi 17§ N-acetyl-beta-D-glucosidase ; BG : 8- 1,4\ %I HH7H Beta- 1, 4-glucosidase; SMC ; 57K 2 soil

moisture content;SD;i%ﬁE soil bulk density ; M mm:éﬂimﬂ‘:%% fine root biomass

2.3 ESEEARPE IR S 1 S AR AR e ) A LA S SRS AT BILBR AR

A PR S LR R AR A A BRI W AR OC A A LR S R
R IEAOG IR Y e S pH | RS R K R IR AR, S R R L A
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F O I AR AT LIRS A HLAR 1 LU 45 i 3 B R IE OG5 U i | el L AR 20
HRAE Yyt I 25 UM oG s IR Wi i S A DL AY HUAE 5 38 pH RIS i RIS IEANSG, 5
TR L A AR A YR LR R A (3R 4) .
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Table 3 Comparison of soil physic-chemical properties and fine-root biomass in soil profile among different stand types

o bR Ay FHEVREE Soil depth/cm

Index Stand 0—5 5—15 15—30 30—45

pH U 7 5.33+0.059Aa 4.85+0.079Bb 4.76+0.057Bb 4.77+0.108Ch
SN 4.71+0.0459Ba 4.803+0.038Ba 4.75+0.096Ba 4,943+0.017Bb
(SR 4.65+0.099Bb 5.043+0.0713Aa 5.073+0.068Aa 5.13£0.091Aa

AN/ (g/kg) Ny 7 2.494+0.619Aa 1.45320.316Ab 1.416£0.137Ab 1.379+0.369Ab
TE 1.641+0.230Ba 1.379+0.138Aa 1.081£0.106Aa 1.303+0.421Aa
(RN 1.417+0.190Ba 1.491+0.294Aa 1.493+0.191Aa 1.04420.051Aa

W P/ (g/kg) Ny 0.378+0.0342Aa 0.262+0.010Bb 0.239+0.0387Bb 0.219£0.004Ab
LRI 0.271+0.0453Aa 0.312+0.021ABa 0.236+0.057Ba 0.194£0.048Aa
(SR 0.278+0.0397Ab 0.431£0.046Aa 0.509+0.056Aa 0.284£0.172Ab

w1t C/P /NBAG 182.324+19.956Aa 255.599+21.227Aa 236.113+18.847Aa 229.981+18.474Aa
SN 262.356+71.647Aa 169.261+2.854ABa  221.766+44.079Aa 247.087+63.814Aa
[ERRA 261.904+47.337Aa 138.085+6.459Bb 112.335+11.461Bb 233.512+100.398Aa

BT K SMC/ % Ny 7 0.267+0.0386Aa 0.222+0.014Bb 0.249+0.0359Aab 0.234£0.016Aab
LRI 0.198+0.0146Ba 0.206+0.0143Ba 0.221+0.0266Aa 0.224+0.014Aa
(RN 0.216+0.004Bb 0.282+0.016Aa 0.245+0.011Aab 0.231+0.023Ab

+ g N 1.242+0.0435ABa 1.308+0.055Aa 1.227£0.067Aa 1.263£0.079Aa

SD/(g/em?) SEURIN 1.334£0.0433Aa 1.298+0.0461Aa 1.265£0.082Aa 1.304£0.111Aa
(RN 1.192+0.0362Ba 1.182+0.071Aa 1.172+0.023Aa 1.224+0.088Aa

R AEY = INBA 0.077+0.017Aa 0.047+0.021Ab 0.034+0.025Ab 0.035+0.016Ab

Mroot/ ( g/cm?) LRI 0.040+0.005Ba 0.027£0.013ABab 0.011+0.003Ab 0.015£0.006Aab
(R 0.0180+0.007Ba 0.019£0.0004Ba 0.015+0.009Aa 0.011£0.007Aa

AR - Bk A ] L e AN TR i 1] 2 53 35 (P<0.05) , AR [l /NG 5 B 27 [ — W AN ] 1 S 438 (1] 22 53 8 3% (P<0.05)

x4

TEANBREREEEAS 5T RBA MR EEENAREYENEXYE

Table 4 Correlations between soil organic carbon and labile organic carbon and soil physic-chemical properties, enzyme activities and fine-

root biomass

N-Z. - B-1,4-
£z " A 7 WewEL  AARAEE Sk A B-D-#] I
Index p N P C/P Mroot SMC SD B Tl H G

NAG BG
{ﬁ%réﬁ*R% -0.05 0.13 0.37" -0.18 -0.06 0.06 -0.22 0.05 0.14
Dissolved organic carbon
JE ey L
ﬁﬁtt%iﬁz}% 0.37"° 0.07 0.56"" -0.38" -0.29 0.46"" -0.41" -0.05 0.13
Microbial biomass carbon
3¢ iy

LAATHL ~0.07 044" 022 0.18 0.44%"  -0.07 0.01 0.21 0.36"
Soil organic carbon
VR DL A Lk
Dissolved organic carbon/ -0.01 -0.39" 0.37" -0.33" -0.52"" 0.07 -0.18 -0.18 -0.29
Soil organic carbon
Tl A W e/ - e MLRR
Microbial biomass carbon/ 041" -0.18 04" -0.42* -0.5"" 047" -0.4" -0.22 -0.09

Soil organic carbon

#; P<0.05; ** ., P<0.01
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Fig.2 Redundancy analysis and relative importance of the effects of environmental factors on soil labile organic carbon
N: &R ;P20 C/P. B L BG . B- 1, 4- T B WL, M, - AR ZE W42 SOC : L HEATHLEK ; DOC . & f- M LB ; MBC . A 9 2T ; DOC/
SOC.: i A HLAK L L A HLBR ; MBC/SOC : UL M LR L LA HLBR 5 + ; P<0.05; # ; P<0.01; ##3% ; P<0.001

3 g

AR, B L SEDREE AR e HLBR & SRR ™, ABFFE T AE 3 AN IRBRE MO Fobk T L4
PIAFAE ST AR 5 B SR B I T ARG ) 4 3 mT RE S ML A Vs M AR S AR AR S R G v L ey
HLBR I TR PA L — WA TR e R FR 15 30 2 LA ML & sk i 5 53— Jy i
SRR AR R 2 53 A AE 1332 AR R e AR 2R BRI 43 W ) 2 BN 2 )22 1 3 v -390 BILBKR 11 i
A IR 2 A HLAR S i T R 2 L3 AR BT v LA DL 5 R A A0 AR 2R 4 1 35 TE AR DG
WU T AR AR L Dy i R e A LR I LN R, FEAS IS AN RIS Bl ARR L3 HLAR & i i
FHXS XSG EFHFNL 16 FEE/NB GHIRCTARCT WA 25 FARMLT X 0T R 5 e HLaR 2 it i
R RPN - AT B 128 14 A A 7 B I ] (4 BR 23 5, AT I 5 4 IR ) - S A BILBAR 149 2 W LA ek 1 44K
it 20T R A HLAR PR A AL S I IR DG, ELARIRI B 537 A AR (BT 5 2 I IR AE 22 57T A R
Fofr ot P - A MR 5 1R 14 22 e ] RE S 2RI R] LR |

T e AR EAT DA L th Z A UL S WA — RS, BA TG BRE IR S 1, REAS S e 1 4
BRIV ARBIETE 3 AN RBEE MRS R 38 07 i AT BRI 25 1 7 7 i 0 R 1) 14 o T
WIS 5 ST RIS R B S RT RET h MA A EA BILRR B 52 B A BLR i R )
R LA S AR A 5 S R RS A OC . ARAFZE T 0—30 em YR T3 P B AERE TR T 3R i M HLAR &
L TN R L T RE A S R AT L B S A G, E i R ey
IR e Dt Y AL A AN e, D m e I R A LR S i AT R Bt
el LB 2 M LA W o A DUBR A R ACBI S o 1 Mt 5 e R L SRR B LU R L

http ; //www.ecologica.cn



110 xR 45 %
HUBRZH 53 1) B L R 1

AW 3 AR A AR T 39t W i A A AR ) VR B R A B 25, XS Sun A5
R ILAAE AR, X P AR 5 S Wy S ) 0 pH 435 K e A LB PR A TR A S AT G, ASBFST
HIFE 0—30 em VR 3G ik 1) B i R R AR AR MR S 3 8 TR AR, 33X — T S5 A A ARR 35
B S AR T IR RIS A O 5 — O T T RE S VR AR R AR A P R TR
WA e, TEMTRA B AR ME LA, KR v e b 26 A R 2 S 3 A 8 v 070 i AR A1 o i 2 i) - 39873
AT PR A T SR B AR R R R RAR TR AR, AN AR ST P AR AR T 4
pH 3 5 TR AAAK, Btk 3R AR A pH 230l S B s R U i B A e B S AR A
o IR Yk B S R pH W IE ARG — 2 SRR TR AT RIS, IR A R A AR T A L
i, A AR AN A 0 e B A A ) 114 26 5 2 W 36 A AL 2 43 %ot g o 4y iy B ACRK

eV A A FLER A IR W s ik S A PLIR Y EUAEL ( DOC/SOC FiT MBC/SOC) AT L I3k Jz ke +- 358
AHLBR R E R T X 3 AR HRA AR R R [ 422 DOC/SOC FL B AR fb i Bl A 2.31%—
4.20% , 1 TRITTAR S WP vk B IX 3 R A 5T 25 L (0.72%—3.48% ) ,iX ] -5 2 + X+ HER R A
HUBR 5 A2 3]+ 39wl 5 B | 3 o Kkis S5 I R s i A5 567 ) BIFSE X 3 AR BEE AR B Al bR T £
HE MBC/SOC L AEZEALAE I N 1.34%—4.37% , 5 1 M5 (O RF TR 45 1 (1.27%—5.94% ) HI{L, ABF 55
DOC/SOC HAH A1 MBC/SOC HUAE TEAS [R A4 B 0] A7 78 i 25 25 7, Hoh R A AR -3 v DOC/SOC HEAEL Al
MBC/SOC HAH 23 i F/INBAG AR 348 3 ] BB 48 AR BRI 458 o Al 25 S 38 1 49 BB W s 42 ekl
T HIERE YR A DR LA A DU A 2 ) MR AR T LA HLBR AR e M o6 b
B /NSBA AR 338G BIURR A R FE R A A, /N SEA RRT R HL A A v Y [ e 7 )

4 #ip

WFFEIX 3 AN IRFE M FIAR T 1 AT LRI AN L S g 1R A L 75 8 15 2 B ol 22 A% 8 348 o e fE )
A LA UK S B AEA RO A B35 225 18 0—30 em 1 JZ/NEAGM I T HER A Bl & 2 B3
BT 6 IR IR FARAR D AR T HbR 23 1 S W o e 5 B S 25 oo T/ DN SR A R I RA AR ) s AR5 b 3 4
RSN 3 R R Bk b ST WL A AT AL A A o o A R R R R

£ 3CHf ( References) :

[ 1] REGHH, B, AHE, Pk 3 P AR B SRS A2 AR N TR 38 HLAk S A 3 FRAE B 52 . AR S IR B 2441, 2022, 31(12) .
2283-2291.

[2] X3, JEigde, skEL, KRR, SREVE. FARARACE Py b & FE M 3 m P DLBR 2. AR 8254k, 2023, 43(4) : 1506-1514.

[3] LiuFT, Wang D, Zhang B B, Huang J. Concentration and biodegradability of dissolved organic carbon derived from soils: a global perspective.
The Science of the Total Environment, 2021, 754. 142378.

[ 4] JFE&f, 59, REE, Zitiy, QSR TR, M, 224850, M. R0 M o B I 35 9 A P e i Al S 5 i R 3R
H Meta 734, A ASPRIE 4, 2023, 32(9) : 1552-1562.

[ 5] WRES, JM, w07, ks, S0, BRAEAR, SRR AC ARBTG5 it 0 R A HUSTZH 43 B2 e I I8 . AR Mol R 224441, 2022,
50(5) : 95-99.

[ 6] /b, shbA, BRpErh. IRPEE ARSI B 302 1 3G P HUBR A R 2R AR EbRoll R 2254, 2015, 43(12) ; 41-44, 77.

[ 7] ‘REZEE, W52, BOR, Bk, F#k, Bipde, Sikok, sKS0E. IR AR TR E MO 38 SR ML ANE A HLaRk 52, 2R
AR, 2017, 37(1) : 249-257.

[ 8] g%, BAR, R0, 5KZE. B XA B4 Ak - S SR A AR e . K AR FRd i, 2018, 38(3) : 66-73.

[9] Feng)G, He K'Y, Zhang Q F, Han M G, Zhu B. Changes in plant inputs alter soil carbon and microbial communities in forest ecosystems. Global
Change Biology, 2022, 28(10) ; 3426-3440.

[10] Fenner N, Freeman C. Drought-induced carbon loss in peatlands. Nature Geoscience, 2011, 4(12) : 895-900.

[11] Hall SJ, Silver W L. Iron oxidation stimulates organic matter decomposition in humid tropical forest soils. Global Change Biology, 2013, 19(9) .
2804-2813.

[12] Li Y H, Shahbaz M, Zhu Z K, Deng Y W, Tong Y Y, Chen L, Wu J S, Ge T D. Oxygen availability determines key regulators in soil organic

http ; //www.ecologica.cn



134

IS A SRR A DOAN R R IR BF i b - ST A LR 22 57 S HERE i PR &R 111

[13]

[14]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]
[30]

[31]

[32]

[33]
[34]

[35]
[36]
[37]

[38]
[39]

[40]
[41]

carbon mineralisation in paddy soils. Soil Biology and Biochemistry, 2021, 153 108106.

Wang Y Y, Wang H, He J S, Feng X J. Iron-mediated soil carbon response to water-table decline in an alpine wetland. Nature Communications,
2017, 8. 15972.

Ramesh T, Bolan N S, Kirkham M B, Wijesekara H, Kanchikerimath M, Srinivasa Rao C, Sandeep S, Rinklebe J, Ok Y S, Choudhury B U,
Wang H L, Tang C X, Wang X J, Song Z L, Freeman O W. Soil organic carbon dynamics: impact of land use changes and management practices:
a review. Advances in Agronomy. Amsterdaam: Elsevier, 2019; 1-107.

Mayer M, Prescott C E, Abaker W E A, Augusto L, Cécillon L, Ferreira G W D, James J, Jandl R, Katzensteiner K, Laclau J P, Laganiere J,
Nouvellon Y, Paré D, Stanturf ] A, Vanguelova E I, Vesterdal L. Tamm Review: influence of forest management activities on soil organic carbon
stocks: a knowledge synthesis. Forest Ecology and Management, 2020, 466. 118127.

Yan M F, Li T H, Li X R, Liu Y, Zhang J B. Microbial biomass and activity restrict soil function recovery of a post-mining land in eastern Loess
Plateau. CATENA, 2021, 199: 105107.

W/, TaERE, FRUE, B, MR, SR b DORTRDK 2 ARG ARR)Z R FE 38 SO k. i A= 35274, 2014, 25(6) -
1555-1560.

FBK. U YA e S vk MR BT Rg R RRAL , 2006.

BB RHERAT. 3 . JEaT: EARIE R R, 2000.

Saiya-Cork K R, Sinsabaugh R L, Zak D R. The effects of long term nitrogen deposition on extracellular enzyme activity in an Acer saccharum forest
soil. Soil Biology and Biochemistry, 2002, 34(9) . 1309-1315.

Smith A P, Marin-Spiotta E, Balser T. Successional and seasonal variations in soil and litter microbial community structure and function during
tropical postagricultural forest regeneration: a multiyear study. Global Change Biology, 2015, 21(9) : 3532-3547.

WO, FIROR, AUENR, MIBR, M/NAK, R, RUIE, BEGE, BRIl S LA K AR B AR AR, R,
2022, 53(2): 374-383.

K, B, R, BT, XK, SREISE. T P AR AR A FRH K A R SR bR L A HLBR 4 2 R . K R AR R AR,
2021, 35(3) . 244-251.

INEHR, B, K&, B30T, Al Arshad, BEIEAE, A RBL2R. WYL K 3645 S ) PRI R o 7 o H 3 PR S AR BB VTS 1 R R A
A%, 2013, 37(9) : 803-810.

EH, NGB, KPR, AEE SIsEE, KR, Bk, X, PR T XORRIMR 28T 306 HUBR R RFIE K R K. Aol B2
5T, 2023, 36(4) : 72-81.

Luo Z K, Viscarra Rossel R A, Shi Z. Distinct controls over the temporal dynamics of soil carbon fractions after land use change. Global Change
Biology, 2020, 26(8) : 4614-4625.

Kupka D, Gruba P. Effect of pH on the sorption of dissolved organic carbon derived from six tree species in forest soils. Ecological Indicators,
2022, 140. 108975.

MM, 2205, VRHEH, ZEB FEARIE H A AR A HUBR Y B RE I RAIE S S CO, R G R . ROl PR R 2254, 2017, 36(12) :
2535-2543.

F—ii, s, TIHE. ATCRRR AR I 5eiH i 3960 A MR AL S 7 Gt S HUE WA I 3R 3Rt , 2021, 19(6) : 691-701.
QiuSJ, Gao HJ, Zhu P, Hou Y P, Zhao S C, Rong X M, Zhang Y P, He P, Christie P, Zhou W. Changes in soil carbon and nitrogen pools in
a Mollisol after long-term fallow or application of chemical fertilizers, straw or manures. Soil and Tillage Research, 2016, 163, 255-265.

Sun B H, Hallett P D, Caul S, Daniell T J, Hopkins D W. Distribution of soil carbon and microbial biomass in arable soils under different tillage
regimes. Plant and Soil, 2011, 338(1/2) . 17-25.

Camenzind T, Hittenschwiler S, Treseder K K, Lehmann A, Rillig M C. Nutrient limitation of soil microbial processes in tropical forests.
Ecological Monographs, 2018, 88(1) ; 4-21.

TWRA, W, WL, T, X, A HOE TS T S . R R, 2017, 54(2) « 297-308.

SRAESL, Wbk, PEFRE, ffSCHR, 2R, RAFRE, WIS IERUE W REE XA VE B A B i N AR S SRR, 2022, 33(11)
2943-2953.

Guo C M. Impact of pH on microbial biomass carbon and microbial biomass phosphorus in red soils. Pedosphere, 2004, 14(1) . 9-15.

ERE, R, O, BRI, R, UK. AN RIFEAR R A ] Sl Yo R AT . 3@ A, 2011, 42(1) : 46-50.
ke, N, I, Kaom, B, S TR R TR F st ) P O U0 A BB B RS PR ZH AR S . AR S A, 2022,
42(17) . 7105-7117.

MFHFE, BeAE2e BRI, EBE, ®Eat, SRHEAS. E PR b DA R R R B A HLBR AL BRI E. AR AR IREE A4, 2024, 33
(3): 379-388.

XWVEAR, SRR, MRIRE, B, B 2. iR F B DR [RIbR 43 b S0 M LIl BB AL AFAE. Aol RBHEB5E, 2022, 35(3) « 18-26.
M, RN, R, BIER. =T0FEAN RIS A L PR AL o K S 22 5. AR, 2015, 35(23) : 7625-7633.
I, SRR, XISME, BT, I, AT, A5 A RO I X RAE AR I S DLk S S PR A R s . b g SRR,
2023(7): 112-122.

http ; //www.ecologica.cn



