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Effects of “Grain for Green” on the Spatial Distribution of Soil Carbon and Nitrogen in Purple Hilly
Area of China

LI Zi-yang®?, LIU Wei®, LI Chun-pei*?, ZHU Bo', ZHOU Ming-hua®"
(1. Key Laboratory of Mountain Surface Growth and Ecological Regulation, Institute of Mountain Hazards
and Environment, Chinese Academy of Sciences, Chengdu 610041, China; 2. University of Chinese
Academy of Sciences, Beijing 100049, China; 3. Agricultural and Rural Bureau of Xuyong County, Luzhou
City, Sichuan Province, Luzhou 646400, China)

Abstract: In order to remedy the lack of research on the effect of “Grain for Green” on soil carbon
(C) and nitrogen (N) distribution on slope soil in purple hilly areas of Sichuan Basin, China, a study
was conducted on a long-term observation site established in Wanan small watershed of Yanting
Agro-ecological Experimental Station of Purple Soil, Chinese Academy of Sciences. The
morphology, content and storage of C and N in soil at different slope positions of farmland and the
artificial forests in rehabilitated land with a history of about 30 years were compared. Our results
showed that “Grain for Green” significantly increased soil organic carbon (SOC) content and SOC
stock in the whole soil layers. The SOC stock of the surface layer (0-20 cm) increased by 25.86
t-hm2, and the annual SOC stocks ratio was 0.89 t-hm. Soil total nitrogen (TN) content increased

slightly, but only in 0-20 cm soil layer. Compared with sloping farmland, the differences of available
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C and N nutrients such as soil nitrate N (NO3-N), ammonia N (NH4"-N), and dissolved organic C
(DOC) in the whole soil profile (0-70 cm) were basically not significant (P > 0.05). In addition, our
research also found that slope position had significant effects on the contents of TN, SOC, NOs™-N,
NH4*-N, and DOC in farmland soil (P < 0.05). The variation trend of soil NO3-N, NH4*-N, and
DOC contents along the slope was as follows: upper slope < middle slope < lower slope, while the
soil TN and SOC contents were highest in lower slope and followed by upper slope and middle
slope. The position of the slope had a significant impact only on DOC content in forest soil, which
increased along the slope. This research indicated that when evaluating the impact of land use
changes on soil C and N stocks in the purple soil hilly region, the influence of topographic factors
cannot be ignored.

Key words: purple soil; “Grain for Green”; slope position; soil nitrogen (N); soil carbon (C);
spatial variation
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I M Yuan SFLOVEACYT = A b o P B OB 5T A DR AL IR/ T SOC it & A+
b i) HAt A AL 7y o M EOP S R SE RUCHIBR 1 R AR B RE A, BB AR S 1
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31°16"), HuAKTTHISM — g F ISR Lk, AR ) VA R AKX . %X IRAE
BIRIRN 17.3°C, FEHBEKEN 826 mm (1981~2006 4F), Hir 65%[KI4E /K B & H7E 5~9
H, BB AT RS W7, A7 AR o R s, R E NP X —Ff
F B RIS, R S L X R RGR T, PR RIREEN 30~80 cm,  LRIKRAE
75, AHUTRI LI TN &8R0T, i 30 42K, BT ELRBHEA OGRS, )1 e i
XK TRIAR A& BB A ) BE SR e N TR D pkdts . k1B 3] 2021 4, IR AT Sop
AR, 205l 5 BRI AR ) 15.1%0 22.4% (R KR FZHI) .

AHIE T A2 BEAE TG IR P R R R (AR AR LD ik 2 M4
SRIGIE L, K 130 m AT 140 m, 358 40 mo BASFRHEAHER 70 m, 38—
#;, BIAVREAR SRR B LR et (02s). S EALL, IR A,
B HSHINR 1. SO/ N - FOREAE R ER B . Hd /N EN 130
kg-hm? (BAN, FED, MR N 90kg-hm? (LAPit, R, HiffE N 36kghm? (L)
Kit, TRD; BRFEBEEN 150 kg-hm?, FaffEHN 90 kg-hm?, HffEH 36 kg-hm?,
MRHLT 1994 4F R R, SBBFRTIBHESRIE S BIRS—30. SBBHE IR AR,
FMRER N 29a. PLEFTA (5 B0 i) 24 Mk RO 2 15 B 5 10 3R . BRI 61k A5
S 1,

| AREXNUBMRHESAURE
Fig.1 Location of study area and sampling sites
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Table 1 Description of sample slope basic condition
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1.2 t#HmERESNE

SREERSTEA 2023 4 3 H, RIEFEHL A BARHLTE, 2% Brubaker S IR 4> R, A4 A 5%
Wl oy e B3 AR AN R SR 3 A0, RN ALBEALIEEL 3 B 1.5 mX 1.5 m i
ORETT o H TR I RIS KRE SAE 70 em fo A BN Bk S0 RES, BT LAASHE 58 TG RE
R FEARE RN 0~70 cm. i E45 (H&5em) 4351584 0~10. 10~20. 20~30. 30~50
F150~70 cm T HEFE S, AL ER 3 AMFEMER, BN EERAM 5 SRR S
B 148, AR HIERES 270 4y (2 AN TR B 2R X 3 AN X3 MRS XS AN HE X3 A
FEMESED. REMLIEFEG T 0 2 4y, — BT ER (ralidiE 10 HA 100 H
B, B RAEERE T EIR NS S RN, &% SRRE U@ S I, RN
Bt ZRE S IFRUERR JIRESE R TIR 100 em®), RH 105 CHEFVEN & & 3 B+ 2 15
HE (BD) MILEMET5/KE (SWO . FIHBOGKE 28T (Mastersizer 2000, )
Oy Mr B3R A (PSD) 9, ] pH it (Delta 320, H[E Eifg) @ (1K= 1:5)
pH {E; A 1mol L' &AL B AR IE TIBRERE AR (NOy-ND FIESZ (NHA-ND,
1o 28990 008 4l K IR 4 R IR EERE T I T A E A HLBR (DOC), 18 F 2 829 31 7 BT X
(AA3, [ SEAL) 4r#rillE; RSB E (CNS Elementar vario MAX, f#[E)
3% TN S8R R S EAMAE IR A REZNE SOC W& &R, HARIHA e fib
BRE 2% ZARbR AT 125 -2 2% SR
1.3 HEWHITSHH

SOC M TN fi# & (Mg-hm?, 4378 CHINit, FED HEMTEEL

SOC fi# &= 3SOC; x BD, x D; x 0.1
TN fig &= XTN; x BD, x D; x 0.1

XA, SOCHI TN N i |2 RAE I SOC M TN & & (g'kg™?), BD N i 2 RFE 3
HE (grem™), DN i ZRETIEM L ERE (cm), 0.1 AFAHE KT

K H Kolmogorov-Smirnov £ 5 JF 4G £ (1 2 T IR M IEZS 204 (P=0.05), AN[AIALEE 2 [H]
KH LSD f/hE & kit it 2 E Ik, BE/KFN0.05. f# SPSS23.0 (IBM, £[E)
BT SR T Z M AR B 5 2200t 8T R (v.4.0.2) 844, “corrplot” #E47HH et
S 8T. {fH Origin 9.0 (Originlab, 3¢ [E) A fr A #iR S HCBL IR . Lok,
CANOCO 5.0 (Micro Power, 3 [H ) #AF 34T # 43 TL 4R 70t (RDADY H1T7 2 75 ik 5 it
(VPA), 35S AR 25 13 C. N oA 2 7 I DTk

2 RS0

2.1 EHHhAIR A IR BN IR LM B R 28] S R 4 AE

A58 B I T A R R B b AR T P B A i LA B 2RISR 3 B . BEARCR R
29 SRR BHE M A H A LIRS RER AL B, HeAR T A A A A .
b R O 2035 pH (E ARG BN 8.13~8.67. b, S #F L R AL i 3% pH /EAN[H
T EREZ MR RS 15 A AR AT, S 300 pH A BE L R B 3 i
FEA%, TEBEARHL 380 pH (E ) 2 R R . st SRR HE AL 3% BD 78
0~10 cm /24 1.19~1.24 g-em™3, FHFlE - ZEREEB N8 o, JBHHARHh 3% 0~20 cm +
JE R 15 50~70 cm L= SWC By, 7308 15.5%~17.20%H11 20.93%~21.68%. H:H1,
IR MR 3% A7 T4 SMC B3 =T B HrisihL. BBk JE 30~50 cm -2 SWC TR
3 AN Z AAFAE R 22 7 o AR F0340 5 L ot b ) FH 2R 2 3 Rl 4 5 2 ol o T
20%, HWPRIALEPRLS B0 HITE 7.7%~46.2%F1 27.0%~70.8% [A], &% [X 135 i H 2 A



FEMEMEL (B 2. WHETZSRE (R 2), B ZIRE R ZEm T 3
T IE AR AR, Bltn 3 pH. BD. SMC RIRb /A AGk S8 (P<0.05); HFETFR
AR A X 2R St iX b 3 B A PR R ARSI B2 (P < 0.05), IBHHRH R
At 3% pH F1 BD SIS BB 4N (P> 0.05), A HIEBIAGIE BRS80S b i+ 2R
BIRREHKKR (P<0.05),

22 WAL BRI RN E E S E S

Table 2 Two-way analysis of variance to test the effects of slope positions and soil layers on soil physical

properties
T 8 iH pH BD SWC [ ARl Fhki
B {7 0.004**  0.042*  0.000%*  0.003**  0.006**  0.000%*
%1 +ERE 0.000%*  0.001**  0.000**  0.010*  0.002**  0.000%*
e X - R IREE 0.003**  0.048*  0.016*  0.010*  0.011*  0.014*
I for 0.249 0.181  0.000%*  0.001**  0.000**  0.000%*
B R +ERE 0.002*%*%  0.003**  0.004**  0.003**  0.045%  0.001**
i X - R IREE 0.510 0.026* 0.189 0.031%  0.000%*  0.022%

1) *FoREEMKT P<0.05, **FniEE KT P<0.01

& 2 NEIRAL AR LA R & B A 8] 5 F HHIE

Fig.2 Spatial distribution of PSD contents along soil layers at different slope positions
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Table 3 Spatial distribution characteristics of soil pH, BD, and SWC in different slope positions

HHA A EEE/em pH BD/Mgm™ SWC /%
A s LR A AL A FRag AL AL ok’ 0 LR ZDA AL

W 0~10 8.53+0.07aB 8.67£0.21aA  8.41£0.03bC  1.2240.09aA 1.2440.02bA 1.1940.03bA 15.56+1.64bA 15.18+0.04acA 15.81+1.19cA
10~20 8.4940.13abA  8.62%0.19aA  851%0.02aA  1.23£0.04aA  1.26+£0.06abA  1.22+0.05abA 14.48+0.23bA 14.374+2.40cA 15.83+0.40cA
20~30 83740.12bB  84740.15bAB  8.55+0.02aA  1.27+0.03aA  1.2630.02abA 1.2740.05aA 19.78 +0.86aA 17.43+1.40bB 18.52+0.79bAB
30~50 8.3140.11bcB 828+0.08cB  8.50+0.0laA  1.25+0.03aA  12740.03abA  1.2330.04abA 20.5710.74aB 21.23+1.85aA 21.554+0.52aA
50~70 8.24+0.08cAB  8.13+£0.14cB  8.3940.09bA  1.3040.02aA 1.3140.04aA 1.284+0.07aA 20.9340.77aA 21.294+1.73aA 21.68+1.96aA

1B #F AR Hb 0~10 8.28+0.07bA 826+0.15cA  8.38+0.03aA  1.13+0.03bA 1.1440.04bA 1.1540.04cA 15.58+1.72aB 15.594+2.07aB 17.20+1.87aA
10~20 8.3240.08bA 8.4140.17bA  83940.04aA  1.18%£0.02abA  1.2320.05aA 1.224:0.03bA 13.73£0.99abB 13.74+1.19abB 15.56+1.05abA
20~30 8.4240.09abA  8.4740.15abA  8.4320.02aA  1.21%0.01aA 1.2540.03aA  1.2330.04abA 14.162.02aA 12.71£0.41bB 14.81£1.07bA
30~50 8.4340.09abA  85510.07aA  8.4240.10aA  1.1740.02abB 12740.05aA  1.26%0.02abA 11.48+1.18bB 11.8740.44bB 14.98+2.67bA
50~70 8.50£0.04aAB  8.58+0.06aA  8.43+0.18aB  1.2310.02aA 1.2940.03aA 1.284+0.05aA 12.13+0.44bB 12.9841.89bB 16.54+3.44aA

D ANRRGFRRRE — L EAFEALE 2R R (P<0.05), AE/NGFREFRE AR LR ZREE (P<0.05)



2.2 b LR HAA 1Rk . B EMNTIE D FHEHE

AWFFRKRI, B CON Ao (SOC) EVHMARALTEE > BN 16.4~17.7 Al
18.9~21.4 g-kg!, FEHEAYL A B 22w T3 LRI R (P<0.05) [E3 (b M
3(H ], HEHENOs-N SRS FMHE IET S22 MR, 75 A AR A, IR
+3 NH,*-N F1 DOC & &3 5% & T -3, (57 347 3% NH. N fil DOC & &%
FAEE (P>0.05 [E3 (a) ~3 (c) ]. PR AR L TN S EZ 7R, B
AR T 3% 0 (TND (ARG 1.2~1.3 gkg!, SO +1E o (TN) 3810TE
BN 0.6~1.1 g-kg! o AXTEFIEAT, EFFARHL L3 TN S 25 E S THHH 3K 3 (o) .

AFKEG FERORF] — A SRR R AL 2 57 B2 (P < 0.05), AFRVNG FRERIRF — AR
TR ISR (] (K 22 57 2% (P < 0.05)
[ 3 A AR A R )3 AL 3% NHa-N. NOs-N. DOC. C/N. TN #1 SOC & 2 HIZ 8 5 HHE
Fig.3 Spatial distribution of NH4*-N, NO3™-N, DOC, C/N, TN, and SOC contents along soil layers at different

slope positions



IR AR A I 0 (NHS*-N) 78 0~70 cm + 2R RIZALIE B2 5N 3.4~4.5
mg kg f12.9~3.8mg'kg!, EBNLEHMLREZEZR K4 (@) ] £0~10cm LZ, B
HrHB MM  (NOy-ND A 11.8 mg-kg!, WEMT YA (153 mgkg), Hi+
JFIRE B A HFEEE A, B2 ESEARE, FAERAESIM%E (P>
0.05, B4 (b) 1o BH#EH 1% 0~70 cm L2 C/NFI SOC & &3 m THdih+3%, A&+
FIREZEREEP <005 KB4 ) M ) ] MFH%E TN EEHRP, UE 0~20 cm -2
I TIEHR 3 TN & B B T LR 4 (o) 1. FFER, {XAE 20~30
cm TEHILTIBHIARM DOC & & B2 & TR MM (P <0.05), HRLERE
PRt R R SRR A R =R (4 (o 1.

ns RARLREMNER, *FREEEKF P<0.05, **FRHKEEHEKF P<0.01
& 4 AR HAA T IESIE NH N, NOs-N, DOC. C/N. TN 1 SOC & E8I% 8] 5 45T
Fig.4 Spatial distribution of NH4"-N, NO3™-N, DOC, C/N, TN, and SOC contents along different soil layers
UeAh, ARFEEKIL, BBHEM 29a 5, AR BRI 4 C. N IR & R ARSI
FI AR IR A— 2 S L NOs-N. NHy -NAIDOC & E 5 R EFEMH KRR (P
<0.05, &4, HEEH LW ZE FHAEH AR 3 (@) ~3 (o) 1. SR I1%E TN
1 SOC & & [FIFE 2 BB A7 ) B 52m (P <0.05), {HA2H3EAI R TN Al SOC & & B # (KT
b FPALE 3 (e) A3 (D) To BEALK I HL 58 C/N RIS (P > 0.05), &
IE Ry 9.3~10.7[ 3 (d) 1. BHFMRHIL IR 3% DOC & &t b2 T B g hnsh &
3 (e) ], HAth14 C. N FRBTRARIIANZIATZ W IIFN (P>0.05, £ 4).
B4 NOs-N &4 (P> 0.05), HEHFHUALEHIMRIL IR C. N FR 1R 2 2
TEREREZEEN (P <0.05. B TE o (NHS-N) flo (DOC) 7E 0~10 cm +
S, G 4.5 mg-kg ! Fl 63.4 mg-kg !, FREAE TR ORI AT IR S g



NH;*-N A1 DOC & A 0~50 cm /= SHLH AR AR LS, HLE 50~70 em + /= H B
SEEEHINE 4 ) 14 (o) 1o BB CO/N B3R K IS, £ 50~70
cm IR B A LRI BRACE 5.4; SR, BHRL IR C/N B2 R
InasE i, £ 50 ~ 70 em FRIEBEREA TR BIRA) B E 23408 4 (D) 1. FOPHHATERB
AT EIL 0~10 cm )2/ TN & &y, JFRE 2R RN msginro&ss, A2 4l 7>
Bl 0.6~1.1g-kg! GEHH) F10.5~1.7 g-kg! GEHIARHD [ 4 (o) 1o FIRERIED T
AE SOC & BB+ 2R AL E[ R 4.0~11.2 g-kg! ALEHIARH N 12.2~23.4 g-kg!,
K4 .
RAWEMLERENLIE C. NFESSEXMANE RS E=NH Y
Table 4 Two-way analysis of variance to test the effects of slope positions and soil layers on soil C and N nutrient

contents

R Y iH TN socC C/N NHs*N  NO;-N DOC
e fr 0.000%*  0.000**  0.390  0.000**  0.000%*  0.020*

W TERE 0.000%*  0.000%*  0.002**  0.016* 0.415 0.042*
efr X LR IRAE 0.043*  0.000%*  0.307 0.358 0.944 0.123

I for 0.271 0.620 0.906 0.450 0.159  0.000%*

1B H bk HE + 2R 0.000%*  0.039*  0.003**  0.002**  0.967  0.000**
efr X LR IRAE 0.828 0.895 0.464 0.278 0.384 0.909

D) * TR EE AT P<0.05, **FpRHMEZEMEKT P<0.01
2.3 W HHE FIR A 38R . RIEEM B SR IFIE

“£HE TN M1 SOC il B [ 2= [ 7 AT ANER S Pivs o BEVRORE, IBBHIEM 29a J5, RIZTHE
(0~20 cm) ] TN fi AL A AR HE AR A1 B2 % 7 (P> 0.05), {H SOC fig &4
25.86 t-hm2, SOC fi# &KL N E Ny 0.89 t-hm?2. EHFAKHIL T 0~70 cm 1 )2 SOC fi#
BAEANFRI AL ARG 128.24~156.78 thm?2., 83 & o IE (32.55~77.28
thm?). Ub4F, 0~70 cm S 118 TN &2 A SOC il &34 R I FHA> B>
e, Horp BT R N AL R TN fEE AN 6.44. 4.58 Al 8.42 t-hmr
2, thif iz 138 TN B BT AL (P<0.05), —FHAHMZE 3.84 thm?2. HHEH R 67
SOC fi&& (0~70 cm) A 77.28 thm?, BZE & T AL (47.35 thm?) MFfAr (32.55
thm?2) [ SOC fi . EHMMIBE 0~70 cm 12 TN i EEA R AL AL TE HE A
6.91~7.92 thm?. Hr, EHA TN &R, (23 MR ZERFARE (P>0.05),



2 5 NEEAILIE TN F0 SOC g S HY =S [E) S 4HE ¥

Table 5 Spatial distribution characteristics of soil TN and SOC stocks in different slope positions

+HF) L 2R /em TN fig (LA N1 /t-hm? SOC fig=: (LA Cit) /t-hm?
3Byt 2D SRR T A AL FIE B TA EREZ A AL FEME
A b 0~10 1.7940.20 0.70£0.12 1.4340.04 1.3140.55 18.35+0.30 8.92+2.65 13.5340.65 13.60+4.72
10~20 1.00+£0.21 0.661+0.26 1.2540.10 0.9740.29 11.08 £4.49 7.45+2.89 11.9340.15 10.15+2.38
20~30 0.7440.15 0.7040.17 1.2740.02 0.9040.32 4.98+2.43 5.6843.30 11.25+0.33 7.304+3.43
30~50 1374024 1.254+0.42 2.1040.07 1.57+0.46 7.00+1.46 5.56+2.08 20.59+2.83 11.0548.29
50~70 1.54+0.09 1.27£0.30 2.3610.08 1.7340.57 5.9440.36 4.94+1.62 19.984+3.23 10.29+8.41
0~20 (K2 2.7940.33a 13610326  2.68%0.11a 2.2840.80 A 29.43+4.62a 16.3743.99b 2546+0.77a 23.754+6.70B
0~70 C4=HITH)D 6.44+0.46ab 4584+0.73b  8.42+021la 6.48+1.92A 4735+6.26b 32.55+7.72b 77.28+4.69a 52.39+22.79B
B 0~10 1.89+0.24 1.78£0.31 2.01+0.44 1.8940.11 26.0944.69 26.17£7.25 27.7946.95 26.68+0.96
R 10~20 1.414+0.41 1.4140.27 1.4340.07 1.4240.01 21.3540.94 23.1246.03 243145.82 22.9341.49
20~30 1.0840.03 1.1140.22 0.9740.15 1.05+0.08 20.4944.79 20.52+4.69 22.94+7.30 21.324+1.41
30~50 1.95+0.27 1.70£0.20 1.46+0.21 1.70+0.24 36.34+5.15 39.47+13.29 52.66+8.61 39.58+3.16
50~70 1.5940.11 1.3840.30 1.04+0.56 1.34+0.28 23.9745.12 29.78+13.74 39.084+1.71 20.94+7.62
0~20 (K 3.30+0.55a 3.194£039%9  3.45+0.49a 331+0.13A 47.44+524a 49.2948.35a 52.10+7.22a 49.614+2.35A
0~70 (A=HITH) 7.92+0.66a 73940572  6.91+0.82a 7.414+0.51A 128.24+11.35a  139.33+21.74a 156.78+15.33a  140.45+12.81A

D ANFRRG P RS F — L EA R LA AR ZE R R E (P<0.05), ANFE/NGFRRIRE — R ISR R 3 Ar ) i) 22 7 2 2% (P<0.05)
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2.4 IRFHAHD RN B D+ 18k . RSB AN E R
TR S R C. N RS ' MEE 5 fn, eI, T
TN & &M SOC & &5 14 BD. Fh S EMHR S EEREIMHIGKR (P<0.05), 1%
C/N 543 pH 2R IEHKK R, 513 BD. SWC. Zhki& BAM R & & 253 1
KF (P<0.05), 138 NOs-N f NHy'-N & &5 & LA A R ERHILKRR (P>
0.05). E#FMIh 13 pH 1 BD 544 TN. SOC. NH4"-N fil DOC & & £ 5.3 ik Rk R
(P<0.05), 5+ECNEREEMIKLR (P<0.05). HENO-NEFEE SMC £E¥%
EMKFER (P<0.05). M4, BT 1 NOy-N SES MRS ELEEE EHEER
(P<0.05 4 HEATERAARSES HE C0 N A9 52HLEHERHKKR (P>
0.05).

(a) gk, (b) BPMML; PS5 FoR: 1pH, 2.SWC, 3.BD, 4.TN, 5.80C, 6.C/N, 7. NHs-N,
8. NOs -N, 9.DOC, 10.BbKi#aE, 1Bk &R, 1280088, RIE NN R RBI RN, B
PR R IMERIE S, HAiE RN BRI, LERRAMK; *RREENKT P<0.05, *FRikE
FEKT P<0.01, LRIk EE KT P<0.001
B 5 WA T IEIBMBRAN C. N F oS ENREXMER
Fig. 5 Correlation matrix of physical properties and C and N nutrient contents of slope soils

KA E (AL, L EIRE R EIERA R T BD. SWC. pH. By Wi AIZRL & &)
%I C. NASE =N RDA 451 v] WL 6, 2H—Hi11% TN 1 SOC & &5 I 5K 741
FNEN 093, 5 "hhtHE TN M SOC & & SRR 091, HEFZRAEE. RDAL M
RDA2 fBREZ 3709 58.2%M 24.1%, PHIILREMERE 82.3% M ERE R . I ikt 78 & B0,
13 BD. SWC Fl1-3% pH &5 +3% C. N S22 3 M EENHAER T, Wi C. N
AR IR 5N 42.5% (P<0.01). 152% (P<0.01) F19.0% (P<0.01),
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WOFCRF R R R, AOFCRE R R, HORSFREHOREAR, G0 AR RBP4
61l C. NADAESHMEARTEZBEXRNTRIH (RDA)
Fig. 6 Redundancy analysis assessing (RDA) the relationships of C, N nutrient contents with influential variables
BEAh, VPA B (B 7D, SRR B RN LR . s AL ]

(BD. pH. SWC. Fiki. Frkidrs) FHf R R AR ] DLRRE 4 TN fif & 82.7%I1

AR 7 (a) 181 SOC i 93.2% A 518 7 (b) 1o Herr, SRIHESRAEALE AN 13 B AL A

TR I TN R LR, R T 11 TN 8 2.4% (P=0.748) H127.9%
(P<0.001) (A5, AT LA MR 7 138 TN 668 47.8%)% % (P<0.001), +

SEFRAL DR 7 A A SRR SOC S =W MECK, 72 AR T 4.8% (P<0.001) 19.8%

(P<0.001) (225, H 2 ANERMAZELAEMRE T 69.8%2 57 (P<0.05),

33

(a) TN fi#&, (b) SOC ffi; I TAME: pH. FE. LIESKE. FRESEMHESE: X

AL B G BT J2IRE B R R AR B TR R J7 Z R e
B 7 &ETHESBOH (VPA) HITRBAEFFIRAEMEX TR TN F1 SOC fEE RIS
Fig. 7 Effects of soil physical properties and sampling positions on TN and SOC storages based on variation

partitioning analysis (VPA)
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3 v

3.1 Yt +iEE, REETESHEHENEERER

—MCRUL, EE R, ERAIRKRTIR, IRR 2  A N B A R
WA I EE s, 5B I R A S B ) 2 1) S PR 281, RA ORI, A
R I LR AL PR (K 3) M CL NFEDSEMD (£ 4). Ho+3E NO;-
N. NHs* N F1 DOC & &/ N8 & T L. &R oy s sst o 51K,
B A0 552 B7K L300 R s a8l 76 M IR VA AR LS R 1 AR R iy R i2 8 E
Broy AT 281, 3 TN Kl SOC & & AR AL B 32 BAE R AR Bty p e, X — RIS Li
SOV [ R U7 4139 PR X I AL A5 R DA K Li 6 BOE b [ 3 F e R X I AL S R — 8. fth
AT 137Cs A KRR — L, RINIA 25 5 18 52 50K 1) Rl Pk B o B
SOC Al TN #12B, Xt FiE MM =, 138 NO;-N. NH4*-N. TN Ml SOC 7E 31 L[
DAEFAK (R 3). TR, BT WS SRR B4, 5w Z R0 78 o5 1 2
TR R R E e R RE, B E, WHRE DS FE WEER RAEEY, X
VA R 52 e SR AR IR (R T ORI, FHLIE TR I RN ST AR R 8, S5 LS80, B
H C. N FRAM AR FHE AN KE S Z MR RZ L FEER MR, B
JE AR AE — 2 R B B T St R g R € N IR BB L

[FES, LI C N FR4 & S AE I 43 A0 RAE A 0] AR AHZ X 3k -4 C. NiT
FERAL AR AR, Rl 5 30 C FEAN Nt A i 75 40 75 3335 1 1
B A0 ) F B R AR . 5 BB R DG R A DL K IR 7 43 (1)
W Bt GE Fy0 361, SEELLRH, Toib R BATR A R, T3 C. N BESSE (TN A
SOC) #iBEE T IRIRFE B IR ET AR (B 4D IR RN 35830 J2 R T4 0 R 5 8L )5k Fr K
BHE, NERIFMER. K. AEMEXZME, R T HIENAEED AL,
W7 MR EHIEIR R, SECEEE TN A SOC fE MR E £, 5, B K H MmN
RSN, LEEC. NSRS R HRZ R T ERD TR, S 1% NH, -
N F1 DOC & & Ff - 2R B 2 e RS 3 (B 4), X2 KN 13 NHy-N Hil DOC #
N C N WEKIET, S TK, SUEDRIFIH. BERERNNSEREE, #%
RIEVIRREKIEFE, SEHZE L ¢ N E@¥ERMET B, T2 LR, SR, BH
R 2 148 NH4™-N F1 DOC &8 A WA BN X2 F AR AR R 0] LUR %S 5 iz i 2|
HIRI L ZE R IR IR, 2R R B URAEYIR R AT TCIESRAS B, [Rtk, 3R b
B E IR E A AT R E Cy N 7240 1R¥E RDA s & (B 6), +3E BD,
pH {E A1 SWC tH X -8 C. NI BB, Hh 15 BD kit 7 LIEMIES M, £
EFEEE B2 T RUEMIE B 5 AR E, R AF ) K0 AR T EY A K, A >
I AR, RS R, EHN pH EHE TAVWNERE, £+
AN Co N L RA R 4E0, R =2 530 38 C. N F20 210023 A 35 DA
Ky ERCMNZA T XIREE C. N I8 A S 2 B PR R R R
32 IRHITHIT R B LI T IER,. RS ET RN

IEFEARH RIS C. N F20 RIEEE R M B3 AR A . VR LA R 355y
AR R S IR A P R A 1431, T 33 39 kb B35 23 R AR A E R Ak — I 2 B A AR AR
el AW ENIBHE 29a J5, SHFHUFLRBE AR 148 NOs-N Al DOC & &AXAE il 1
FEEAWHEMZES, Bk LRPE RIS C. N FRa ek EEEmn (K 4,
SR E T4 (0~20 cm) NOy-N SRR E IS, 0T CAHEM jtE F T HLAE KL AT BAK
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BEANE R N TR, IFREERST N ER. Sk, EFAERELE TN
1 SOC & &t RFE G, IX 55k S PR IE 135 -+ F B XGRHHE AR 30a B AL 45 R —3K
— 7T, SREVMHL, MRHREDRAEREDNRERSZ, FRERERE TR
C AN RIEH, (FfFKZE 11 C AN IR R, 5—J7m, EMKEE, R T
BHHGRYRZE LIEAZRZ 0, W07 13 C AN B Rrel, m N AR MR AE K R E K E
IR FFE5r, BRR SRR, H BN N ZOoRIERD, REREM TS, M
FRBEE B G MR IR B T2 3 TN SR, w1 A PR RIS 2 e
138 C R N R B B R 2

T3 O/N RVPN LI R I E B AR, e nT LU R e A ARG B, 3k R
TIEEVLUR T L RS, — BN, 3 O/N TE 15~20 FIVERINES, FRIFA LG
HEIR G LF 0, A 45 SR BoR, Wbkt TIEAF 2 ON /N F 15, FEEBEE L E
TRIZHTBEG . SRR RS 35T CO/N B, WEEMTER N fIFE, FHEHFEEZM C,
MIGASF]F 35 SOC iy ZARE0, B 29a 5, EHMIAREZE L ON B EEET
Wi, XETREEVRSNERN, 151318 C X782 M L% N HFECR. AR
SRRV (5, S REEBEARH A+ 3E TN Al SOC S REBEREEMXIR, R
FI AR FE R 1438 C AN A2 EAE A5 20U, B A S5 5207 g 5 21 338 L R ik AR A A5 817 2k b
AR TR o008, B EREE R R R BT R OGS N
L C BUANURSAAET ZBEI T, HIBBMI 2 LIFa PR 7 s m s, 35
TN F1 SOC fi & 7L T 1 = i A . 2 B AR R a3
33 IRHITHIT R E DI T IER,. RiEET LN

TR, R IR SR B AR P s 1 2> e ma 3 T R 1488 L N AR R 055 561, o
B s OR R AR 2 e R A, SFECE 2 R C. N RET. | VPA St
A (B 7D, “IBHHEM” J5 1% TN il SOC B2 — MR HE L1t i, FIN 523
WHRAEAL S (ML ERE) . BT (BD. pH. SWC. Zfi. Bfi&E)
TR M L R RILEE S, £ 0~70 cm HIE L, BHMKHEIE TN 58 (741
thm?) B&E T3 (6.48 thm?), (HERARZE (K 5. HENHE (0~70 cm) L,
PR (52.39 t-hm?) FLEEHEAKHL (140.45 thm?) ] SOC B AIfFAEREER (P <
0.05). FHFHFFT A M L3RR . MR FH R AR BAH R, FRAT B 1 1 s 3 M A T 4]
GaHIE C AN FESRHEME. AR, BHHEMK 29a f5, £E (0~20 em) SOC fig &
AN 25.86 thm2, 41 SOC iR A 0.89 tthm2, #F4 Post ZEB8HRIE 1 “IREHLM” J54
BRAESF35 C BIAFRMVERE (< 1.0 thm?), {HE& ST Wang S5059 2 B e 4566 4 BB X AT 7L
5 (0.67 thm?), TEBHER T 23 8] 5 R FRAE % 5 22 7 oh, AN FE S C 7R
Z5ulaes “CIBBHER” B REA G, BEE MK AR m, A RGETRE,
SOC U @ LR/ il (R B Fom R, BB RS0, Kk, 7ER—# 7+,
RIS AE 2 AN 2 AIRG N, 5K SOC AR B2 18 26 15 -3 A HLRRRR 28 1 6 2 (A AR AEAR K 22 5[0,
AL, R S AR M ERAL AR A AE S R G TR R FE S EEAE 6, R
T N2 R IR AR, G5 G AN R IE SR AR S A IR N AR VK R S LA R Gk
BB, DA G b b A 25 2R 48 R 7 200 358 Bk S5UOm B 521 A B L 1

4 451k

(1) 1BHHEM 29a J5, BHARHUAIS AL, 4 C. N #2400 NOs-N. NH4*-N
1 DOC 7EHIEHITHE (0~70 cm) I ARBRARAN G 24, Bk FIRATREEZR
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(2) EHHEMA I T R SOC M, T3 TN fEmitA R, K
i, RE (0~20 cm) SOC f# &N 25.86 t-hm?2, 415 SOC iEEZF N 0.89 t-hm2.

(3) Fr14 NOy-N S &S, HATEE C0 N o0tz 3 12w E I B2,
Horp 3% TN Al SOC & & 2 IR L 2R E IR AR ESRs SEBAEL, Bk
T3 C. N FEAEEZBE AL E BN, @ 85tk 73R o s 115
FEor A3 o

(4) TUHRDHT (RDA) U0 (VPA) R EIR, BHHAN)E 3 C. N 3%
e R MRS R0 e, AMUZ R % BD, SMC Al pH A 55 - B0 R R 52
Wal, 357 B HSR R 2R I 2. DRI, AELRE K 52 [R]85 RS L R S B R AR s
B C. N TESHPRER SEF v, R m o S Bk, BaRa A8
g1, DAYERFRI(EE 358 C FEAN N AR

27 3CHR:

[1] Liu X, Ma J, Ma Z, et al. Soil nutrient contents and stoichiometry as affected by land-use in an
agro-pastoral region of northwest China[J]. Catena, 2017,150:146-153.

[2] Wang T, Kang F, Cheng X, et al. Spatial variability of organic carbon and total nitrogen in the soils
of a subalpine forested catchment at Mt. Taiyue, China[J]. Catena, 2017,155:41-52.

[3] Wei X R, Shao M A, Fu X L, et al. The effects of land use on soil N mineralization during the
growing season on the northern Loess Plateau of China[J]. Geoderma, 2011,160(3-4):590-598.

[4] Wang X W, Song C C, Sun X X, et al. Soil carbon and nitrogen across wetland types in
discontinuous permafrost zone of the Xiao Xing'an Mountains, northeastern China[J]. Catena,
2013,101:31-37.

[5] FuBJ,Wang Y F, Lu Y H, et al. The effects of land-use combinations on soil erosion: a case study
in the Loess Plateau of China[J]. Progress in Physical Geography-Earth and Environment,
2009,33(6):793-804.

[6] Crovo O, Aburto F, Albornoz M F, et al. Soil type modulates the response of C, N, P stocks and
stoichiometry after native forest substitution by exotic plantations[J]. Catena, 2021,197, doi:
10.1016/j.catena.2020.104997.

[7] Deng L, Liu G B, Shangguan Z P. Land-use conversion and changing soil carbon stocks in China's
‘Grain-for-Green' Program: a synthesis[J]. Global Change Biology, 2014,20(11):3544-3556.

[8] Chen Z J, Wang L, Wei A S, et al. Land-use change from arable lands to orchards reduced soil
erosion and increased nutrient loss in a small catchment[J]. Science of the Total Environment,
2019,648:1097-1104.

[9] Chang RY,Jin T T, Lu Y H, et al. Soil Carbon and Nitrogen Changes following Afforestation of
Marginal Cropland across a Precipitation Gradient in Loess Plateau of China[J]. Plos one, 2014,9(1),
doi:10.1371/journal.pone.0085426.

[10] Yuan Z X, Jin X M, Guan Q W, et al. Converting cropland to plantation decreases soil organic
carbon stock and liable fractions in the fertile alluvial plain of eastern China[J]. Geoderma Regional,
2021,24, doi: 10.1016/j.geodrs.2021.e00356.

[11] Jia X, Yang Y, Zhang C, et al. A state-space analysis of soil organic carbon in China's Loess
Plateau[J]. Land Degradation & Development, 2017,28(3):983-993.

[12] Wang Y, Fu B, Lue Y, et al. Effects of vegetation restoration on soil organic carbon sequestration

15



at multiple scales in semi-arid Loess Plateau, China[J]. Catena, 2011,85(1):58-66.

[13] 75 1E %2, REARAL, SR, &5, SL (0 Bt 3942 inh R L B i W AT e a3k e [3]. v EIZK R EF,
2018, (2):42-47.

Su Z A, Xiong D H, Zhang J H, et al. Research progress of soil erosion of purple soil slope farmland
and its prevention and control measures[J]. Soil and Water Conservation in China, 2018,(2):42-47.

[14] %&0%, KT, XfE, 2. NI R IX AN 1R A 5 20F 38 97 B AEAF 7 —— LA h [ R 2

B 5 52 58 8 1 ROV AR A Bl /NSO I [J]. 78 R O 2R, 2011,24(2):663-668.
Xu B, Zhu X M, Liu Q, et al. Study on nutrient characteristics of soil under different land utilization
types in Hilly Area of Central Sichuan Basin——A case study in the small river valley of Yanting
Purple Soil Agricultural Ecosystem Experiment Station[J]. Southwest China Journal of Agricultural
Sciences, 2011,24(2):663-668.

[15] FhSC L, SRHER, A N, M TR A0 3R] OGS 3 o e V) % X 3R 2% 38 B 2 18] 73 A7 520 [J].
H SR 7R 24 4], 2010,25(3):443-453.

Sun W'Y, Guo S L, Song X Y. Effect of topographies and land use on spatial distribution of surface
soil organic carbon in Hilly Region of the Loess Plateau[J]. Journal of Natural Resources,
2010,25(3):443-453.

[16] &%=, Rk, 54, 55 KO B RIS A PURR L 73 &5 50 it I8 & 21 A ma BL[J]. 24
Bkl 2021,42(11):5491-5499.

Xu M, Yu L, Wang F H, et al. Response of soil organic carbon content in different slope positions
to fertilization management in purple soil sloping fields[J]. Environmental Science,
2021,42(11):5491-5499.

[17] Zhao P, Tang X, Zhao P, et al. Mixing of event and pre-event water in a shallow Entisol in sloping
farmland based on isotopic and hydrometric measurements, SW China[J]. Hydrological Processes,
2016,30(19):3478-3493.

[18] Xiao Q, Dong Z, Han Y, et al. Impact of soil thickness on productivity and nitrate leaching from
sloping cropland in the upper Yangtze River Basin[J]. Agriculture Ecosystems & Environment,
2021,311, doi: 10.1016/j.agee.2020.107266.

[19] Brubaker S C, Jones A J, Lewis D T, et al. Soil properties associated with landscape position[J].
Soil Science Society of America Journal, 1993,57(1):235-239.

[20] Qi Y, Wei W, Li J, et al. Effects of terracing on root distribution of Pinus tabulaeformis Carr. forest
and soil properties in the Loess Plateau of China[J]. Science of the Total Environment, 2020,721,
doi: 10.1016/j.scitotenv.2020.137506.

[21] Valjavec M B, Carni A, Zlindra D, et al. Soil organic carbon stock capacity in karst dolines under
different land uses[J]. Catena, 2022,218, doi: 10.1016/j.catena.2022.106548.

[22] Liu X, Ma J, Ma Z, et al. Soil nutrient contents and stoichiometry as affected by land-use in an
agro-pastoral region of northwest China[J]. Catena, 2017,150:146-153.

[23] Deng L, Wang K B, Chen M L, et al. Soil organic carbon storage capacity positively related to
forest succession on the Loess Plateau, China[J]. Catena, 2013,110:1-7.

[24] Wang N A, Luo J, He S Q, et al. Characterizing the rill erosion process from eroded morphology
and sediment connectivity on purple soil slope with upslope earthen dike terraces[J]. Science of the
Total Environment, 2023,860, doi: 10.1016/j.scitotenv.2022.160486.

[25] Zhang Y, Wei L, Wei X, et al. Long-term afforestation significantly improves the fertility of

16



abandoned farmland along a soil clay gradient on the Chinese Loess Plateau[J]. Land Degradation
& Development, 2018,29(10):3521-3534.

[26] Zhang Q Y, Wang Z, Yao Y F, et al. Effects of slope morphology and position on soil nutrients
after deforestation in the Hilly Loess Region of China[J]. Agriculture Ecosystems & Environment,
2021,321, doi: 10.1016/j.agee.2021.107615.

[27] Pieri L, Bittelli M, Hanuskova M, et al. Characteristics of eroded sediments from soil under wheat
and maize in the North Italian Apennines[J]. Geoderma, 2009,154(1-2):20-29.

[28] Wang L, Shi Z H, Wang J, et al. Rainfall kinetic energy controlling erosion processes and sediment
sorting on steep hillslopes: A case study of clay loam soil from the Loess Plateau, China[J]. Journal
of Hydrology, 2014,512:168-176.

[29] Li Z, Nie X, Chen X, et al. The effects of land use and landscape position on labile organic carbon
and carbon management index in red soil hilly region, southern China[J]. Journal of Mountain
Science, 2015,12(3):626-636.

[30] Li Z, Liu C, Dong Y, et al. Response of soil organic carbon and nitrogen stocks to soil erosion and
land use types in the Loess hilly-gully region of China[J]. Soil & Tillage Research, 2017,166:1-9.

[31] Nie X, Li Z, Huang J, et al. Soil organic carbon loss and selective transportation under field
simulated rainfall events[J]. Plos One, 2014,9(8), doi: 10.1371/journal.pone.0105927.

[32] Hartanto H, Prabhu R, Widayat A, et al. Factors affecting runoff and soil erosion: plot-level soil
loss monitoring for assessing sustainability of forest management[J]. Forest Ecology and
Management, 2003,180(1-3):361-374.

[33] De Baets S, Poesen J, Knapen A, et al. Impact of root architecture on the erosion-reducing potential
of roots during concentrated flow[J]. Earth Surface Processes and Landforms, 2007,32(9):1323-
1345.

[34] J7i24E, SEULW], Brown S, 5. Sl Ll B SR ORA X L3 AT HURR I 8 A0 7 FUARFAE[J]. AR 244,
2004,(1):135-142.

Fang Y T, Mo J M, Brown S, et al. Storage and distribution of soil organic carbon in Dinghushan
Biosphere Reserve[J]. Acta Ecologica Sinica, 2004,(1):135-142.

[35] Huang Y, Liu D, An S. Effects of slope aspect on soil nitrogen and microbial properties in the
Chinese Loess region[J]. Catena, 2015,125:135-145.

[36] Yuan Y, Zhao Z, Niu S, et al. Reclamation promotes the succession of the soil and vegetation in
opencast coal mine: A case study from Robinia pseudoacacia reclaimed forests, Pingshuo mine,
China[J]. Catena, 2018,165:72-79.

[37] Marschner P, Kandeler E, Marschner B. Structure and function of the soil microbial community in
a long-term fertilizer experiment[J]. Soil Biology & Biochemistry, 2003,35(3):453-461.

[38] Yang Y, Fang J, Tang Y, et al. Storage, patterns and controls of soil organic carbon in the Tibetan
grasslands[J]. Global Change Biology, 2008,14(7):1592-1599.

[39] Shi P, Zhang Y, Li P, et al. Distribution of soil organic carbon impacted by land-use changes in a
hilly watershed of the Loess Plateau, China[J]. Science of the Total Environment, 2019,652:505-
512.

[40] ROUH, 2= T8, s, 55 Ra-Aaan R eludoxns )1 o ol XA AR - 3 i BB AL - B AR R 52
W], W5 FR A 42 4%, 2020,26(2):425-432.

Wu L J, Li W Z, Xue W, et al. Effects of Alnus cremastogyne-Cupressus funebris strip reform on

17



soil C:N:P stoichiometry of Cupressus funebris forests in a hilly area of central Sichuan Basin[J].
Chinese Journal of Applied and Environmental Biology, 2020,26(2):425-432.

[41] Gao G, Tuo D, Han X, et al. Effects of land-use patterns on soil carbon and nitrogen variations
along revegetated hillslopes in the Chinese Loess Plateau[J]. Science of the Total Environment,
2020,746, doi: 10.1016/j.scitotenv.2020.141156.

[42] &, FAL, A4-FF, &, 7R 1L DGR BFIE AR IE R0 398 503 A B S L A s ) R W [J]. AR}
2%, 2019,40(8):3825-3832.

Gao H, Xiao L, Niu D, et al. Effects of converting farmland into forest and grassland on soil
nitrogen component and conversion enzyme activity in the mountainous area of southern Ningxia[J].
Environmental Science, 2019,40(8):3825-3832.

[43] A3 3, Yo/, 3 R AR, &5 ARISEAL BT AR IERR . FURFIE SRR G R R[J]. K L ORFFFR,
2010,24(4):198-202.

DuM Y, Fan S H, Qi L H, et al. Characteristics and coupling relationship of soil organic carbon
and total nitrogen in different types of Phyllostachys pubescens stands[J]. Journal of Soil and Water
Conservation, 2010,24(4):198-202.

[44] FHHTRE, Mesoi], /NI, 25, 3 Fe g X LR B PR 358 [ 77 ik ZURUN[J]. AR B R} 2
2248, 2012,31(6):1172-1179.

Han X H, Yang G H, Tong X G, et al. Soil carbon and nitrogen sequestration under several different
forest lands converted by farmland in Loess Hilly Area[J]. Journal of Agro-Environment Science,
2012,31(6):1172-1179.

[45] FRMER], BELL, 70, &5, 314 XN TS RRAE O R v 0 A0 L 3A HLa AL I 520 [J].
Molk L, 2009,45(10):14-18.

Guo S L, MaY H, Che S G, et al. Effects of artificial and natural vegetations on litter production
and soil organic carbon change in Loess Hilly Areas[J]. Scientia Silvae Sinicae, 2009,45(10):14-
18.

[46] =24, Al W] 2. ¥ - B /N i A 7] 3 ) 77 20 7K R R RRAE [3]. ARk TR 22 4
2011,27(6):36-41.

Jiang N, Shao M A. Characteristics of soil and water loss of different slope land uses in small
watershed on the Loess Plateau[J]. Transactions of the Chinese Society of Agricultural Engineering,
2011,27(6):36-41.

[47] WRfEfE, 253, A8/, 5. 35 IR B B AR S 10 £ ik W AR AL 9], b AR,
2014,22(3):469-474.

ChenD D, Li Q, Zou X Y, et al. How did soil organic carbon and total nitrogen change after “Grain
for Green” in the Qing-Hai Lake farm[J]. Acta Agrestia Sinica, 2014,22(3):469-474.

[48] XK Bk, ShHE, #oiin], 4. 35 b fbE DO RR BHE MRt 3BT HLAR . 0% AR RHE[J]. 7K
T ARFRRT 7T, 2012,19(4):43-47.

Zhao F Z, Han X H, Yang G H, et al. Change characteristics of density of soil organic carbon and
nitrogen under land shifted into forestland in Hilly Loess Region[J]. Research of Soil and Water
Conservation, 2012,19(4):43-47.

[49] Mazzarino M J, Bertiller M B, Sain C, et al. Soil nitrogen dynamics in northeastern Patagonia steppe
under different precipitation regimes[J]. Plant and Soil, 1998,202(1):125-131.

[50] AEH57A, B 02, Wi, &5, B A2 25 28 G0 BOIRAS R BACOE 20 1 B 161 4 FHRIE 72 2k e [3]. AR} 2

18



&, 2006,(4):58-67.
Ren S J, Cao M K, Tao B, et al. The effects of nitrogen limitation on terrestrial ecosystem carbon
cycle: a review[J]. Progress in Geography, 2006,(4):58-67.

[51] Han X, Gao G, Chang R, et al. Changes in soil organic and inorganic carbon stocks in deep profiles
following cropland abandonment along a precipitation gradient across the Loess Plateau of China[J].
Agriculture Ecosystems & Environment, 2018,258:1-13.

[52] REAT, REVEME, FRES, 25 B 7 U P PR X BEH IR A, A USRI B A L 2 ) A8 S R 1 K L
SN A 2R [J]. FEADE 7R 5 AR R4, 2020,26(9):1656-1668.

Xiong X, Xiong Q H, Guo X, et al. Spatial variation characteristics of total nitrogen, organic carbon
and ratio of carbon to nitrogen of cultivated land in typical hilly areas in south China and its
influencing factors[J]. Journal of Plant Nutrition and Fertilizers, 2020,26(9):1656-1668.

[63] sk HH, FoRM, JE NI, & R WY J5 T oKy 3 m B 1 I 5 AR R AR AR [J]. BB R A,
2011,32(5):1407-1414.

Zhang C H, Wang Z M, Ju W M, et al. Spatial and temporal variability of soil C/N ratio in Songnen
Plain Maize Bel[J]. Environmental Science, 2011,32(5):1407-1414.

[54] Xil<gily, Sefe, Xy, &5, o 8t %00 B0 Ak . AR ERE i RE e []. A E IR SRR
#, 2015,21(1):112-120.

LiuJ S, Dai J, Liu Y, et al. Effects of excessive nitrogen fertilization on soil organic carbon and
nitrogen and nitrogen supply capacity in dryland[J]. Journal of Plant Nutrition and Fertilizers,
2015,21(1):112-120.

[55] Chen S, Wang W, Xu W, et al. Plant diversity enhances productivity and soil carbon storage[J].
Proceedings of the National Academy of Sciences of the United States of America,
2018,115(16):4027-4032.

[56] Jia X, Yang Y, Zhang C, et al. A state-space analysis of soil organic carbon in China's Loess
Plateau[J]. Land Degradation & Development, 2017,28(3):983-993.

[57] Celik 1. Land-use effects on organic matter and physical properties of soil in a southern
Mediterranean highland of Turkey[J]. Soil & Tillage Research, 2005,83(2):270-277.

[58] Post W M, Kwon K C. Soil carbon sequestration and land-use change: processes and potential[J].
Global Change Biology, 2000,6(3):317-327.

[59] Wang X, Zhou M, Li T, et al. Land use change effects on ecosystem carbon budget in the Sichuan
Basin of Southwest China: Conversion of cropland to forest ecosystem[J]. Science of the Total
Environment, 2017,609:556-562.

[60] Arevalo C B M, Bhatti J S, Chang S X, et al. Ecosystem carbon stocks and distribution under
different land-uses in north central Alberta, Canada[J]. Forest Ecology and Management,
2009,257(8):1776-1785.

[61] Hu C, Fu B, Liu G, et al. VVegetation patterns influence on soil microbial biomass and functional
diversity in a hilly area of the Loess Plateau, China[J]. Journal of Soils and Sediments,
2010,10(6):1082-1091.

19



