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Effects of Slope-to-tiered Measure and Crop Type on Soil Organic Carbon Pools and
their Compositions in Sloping Cropland in Purple Soil Areas of China

ZHANG Sheng!2, WANG Guan'!*23,WANG Yuehuan'?, ZHOU Zihe!2, CHENG Jinhua!23'

(1. School of Soil and Water Conservation, Beijing Forestry University, Beijing 100083, China, 2. Key Laboratory of Soil and
Water Conservation and Desertification Control, State Forestry Administration, Beijing 100083, China; 3. Jinyun Forest
Ecosystem Research Station, School of Soil and Water Conservation, Beijing Forestry University, Beijing 100083, China)
Abstract: [ Objective] Purple soil is a soil typeuniqueto China, characterized by rapid weathering of the parent
material, low permeability, and poor erosion resistance. A large number of slope conversions have been adopted to
combat soil erosion, but the synergistic effect of this measure with crop types onthe local organic carbon pools of
sloping arable land and their composition is not clear. [Method] In this study, Corn Slope, Corn Terracing, Citrus

Slope, Citrus Terracing, Corn-Citrus Terracing in the East River sub-basin in Chongqing were selected as the
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research objects. Biomarker methods were used to compare the differences in soil microorganisms and organic
carbon of plant origin from different types of sloping arable land and to reveal the effects of slope-to-staircase’
measures on soil organic carbon pools and their compositions. [Results ] Theresults showed that: 1) The contents
of SOC, POC, and MAOC in different types of sloping arable land was significantly decreased with the
imp lementation of slopereclamation measures; 2) Slope reclamation significantly decreased the total lignin phenol
content in maize sample plots compared to the significant decrease in the degree of oxidation of lignin phenol in
citrus sample plots; 3) The main source of microbial organic carbon in all sample plots was fungal residue, which
accounted for 74.50%~98.88%, and the slope conversion measures decreased the fungal content in the soil under
the monocrop planting mode. [ Conclusion] Although slope conversion measures helped to reduce soil erosion,
they had a complex impact on the soil organic carbon pooland its composition in sloping arable land in the purple
soil zone. This provides a scientific basis for optimising agricultural management practices and achieving sustainable
land use in the purplesoil zone.

Key words: Slope-to-tiered measure; Purple soil; Soil organic carbon; Biomarker methods
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1.1 X

W7 XA T H R I AL X AR TN (29°5456.37"N, 106°56'10.78"E ), ZHiX & T
AR SR, PR 17.3°Cs PR KE 1100mm, FEEHRE 4—9 H; G
K7k 864mm, FHXFIREE 81%. FEHIHRAY Y SR LK 55 96 4 o b 58 BHLAH B P AT IS
4, WK 560—1034 m. LIS PLR O AT AKX NEEESEEE, R EEAE
A (Cunninghamia lanceolata)~ =5 E¥A (Pinusmassoniana) 5, FaM W EEG AR (Schima
superba)~ PR Quercus acutissima) =, ZHAEYI LA B K(Zea mays ) FME(Citrus reticulata)
HE.

1.2 HmRESE

2024 4 5 HAE R /Nt P & U K% (Corn Slope, CoS )+ K4 H (Corn Terracing,
CoT). MY (Citrus Slope, CiS). A ##%#6H (Citrus Terracing, CiT )« T K—H G EF L
M (Corn-Citrus Terracing, CoCiT) N FERT G, FFREilEe. &M TR LG L = AN KA R
KAERS, BERHLEREY), HBRA 100 cm?® BFRT]5 7R 4E 0~10 cm AT 10~20 cm 153
3, B HWE DA E RS KE BN A “S” TERELREE 5 SRS, M1 MRS
FEAR. BFEMBANEHREET 4ACHR T IER L=,

HIE LI % 5, 40 B YR R MERA, IR MR 28 2 4, — M EdaGd 2mm
A, AT LS EN0E: H—hEEXNT, NTEEFR M 2 mm. 0.15mm
i, 00 e e v A LIRS
1.3 HEBMFNE

T3 E (BD) HIINENE: HIEEKE (SWO @i lErE 105°CHAEF /4 8 h
Ja R ER IR E; 3 pH PAE/KEE 12,5 H pH vl 8 3R R H 5 R SOk
M E, AR 52 [ A& ML ( United States Department of Agriculture, USDA)f) 3% 53 25
#E: 3ERI2<<0.002 mm FKL,  0.05~0.002mm AAKL,  2~0.05 mm HEPFL.

TIEA MK (SOC) KH EE R F b —sMmFEl e ; HIEFREG PR (POC) %
F 75 A B B VIR He— EE S TR A AN N Bkl 2 s 1 I 45 & & A WL (MAOC) R H Al 71T 5,
FH LA Uk B 25 ORE A A ML & BN &5 & 8 A Lk & LA A Y &k (MBC)
K E B —KeSOs FREGHATIE, Horb ok AT RS2 ik & BN ml s YA Lk

(DOC),
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Table 1 Basic physical and chemical properties of sample soils

LR Bt A LEEEKE pH Rk Kk ki
Soil layer Sites BD/(g-cm™) SWC/% Clay/% Silt/% Sand/%
0~10 cm CoS 1.534£0.04Aa  21.91+4.04Aa 6.1810.18Aa 20.05+2.56Aa  66.07+4.59 Aa  13.88+6.23 Ba
CoT 1.47£0.05Aa  21.14+2.30Aa 4.151+0.23Ba 18.05+1.36Aa  70.12+2.65Aa  11.83+2.43Ba
CiS 1.5340.04 Aa 22.83+0.37Aa  4.2340.15Ba 19.06+2.66 Aa  65.54+3.50Aa  15.40+4.60 Ba
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CiT 1.4840.12 Aa 17.1240.94 Aa  4.97+0.83ABa 5.3742.30Ba 35.3447.88Ba 59.29+10.04Aa

CoCiT  1.34+0.06 Aa  23.9740.83Aa  5.00+0.24ABa  15.30%1.78 Aa  68.0943.41 Aa 16.61+2.34 Ba

10~20 cm CoS 1.5240.02 Aa 24.10+0.94Aa 5.32+0.28Ab 22.824+2.28 Aa 61.09+1.32 Aa 16.09+1.69 Ba
CoT 1.504£0.09Aa  19.61+1.04ABa  4.62+0.32Aa 15.6844.56 Aa  65.14+5.70 Aa 19.17£10.18 Ba

CiS 1.5240.02Aa  18.96+5.17ABa  4.23+0.05Aa 20.54+5.05Aa  64.35+4.49 Aa 15.1249.00 Ba

CiT 1.5740.06 Aa 15.49+1.41Ba 5.0240.72Aa 6.7542.51Ba 43.54+7.13 Ba 49.7149.44Aa

CoCiT  1..37+0.04 Aa  27.34%2.07Aa 4.90+0.16Aa 18.14+1.67Aa  69.4443.73 Aa 12.43+5.06 Ba

W AFAREFRRIRE — L RREA R RIS 2 (7] 22 573 5.3 (P<0.05), RFE/NGFEERIRF — KRB0 A [F 1 2R
ZMZEREE (P<0.05), CoS. CoT. CiS. GiT. CoCiT 3 HIRE LKL FKIFEHE . AR . MG . ToR—H
EMBEM. FR. Note: Diferent capital letters indicate differences between different types of sloping arable land of the same soil depth
(P < 0.05), and diflerent lower case letters indicate diferences between different soil depths of the same type of sloping arable land (P <
0.05), CoS, CoT, CiS, CiT, and CoCiT stand for Corn Slope. Com Terracing. Citrus Slope. Citrus Terracing and Com-Citrus Terracing.
The same below.
1.4 TEEARRRENE

BOSE S B OE T, 2 mA 1g EALH 0.1 g BiRR 24, FINA 20 mL2 mol-L-
VESEA N, IRETRE] S min, TE 150°CEME TN 3 h, SN JERIRRER S 50 mL
BT, A S mL XETKGBAEYE, M 6 mol L EhESRIAR pH M2 1, 78 MEEIA
Bih## B 1h JFE0, B RIEMUMA CTR OB A 3 Ik, Fpirs EEAVUEE IR, £
R TR R E BT TERE, AN, RS RS i 0.1
mL TR CPAEERRRER), £ 37°C F R 60 min, HIA 0.1 mL MSTFA ¥, £ 37°C
FRB30min, HIEEE 1 h 5, B EIERTE Agilent SAHEHE RS (Agilent 7820, Agilent
Technologies, USA) _EHLEIM . SOC HHHEAKIEA LA DTHR PiARYE R it

|4 S

90%

p, = B 00%"C o 1000 (1
1 axSoC 0

K, Vo Sy CanlfRFFILSE (vanillyD. T &L (syringyD FAEEILZ (cinnamyD)
AR B RS 2 (mgkg'soiD; 33%- 90% 4 AR n B HILAN T & H B4 AV CuO
B, AR AYIIX N 100%; afCEA R ik i oA 5 2 19°F 1)
i, Bl 8%,
1.5 TIEFERENE

HERFR EEEFE A 50 mL 208 H, I 5mL 6 molL' BiFRVA, 7E 105°C2%MF T
Ik 8 he HY 500 pL A S ERSR T, N 1 mL BAUKE MG 20 RIER, i 0.22
um JEMEEIE AL SO, 3T BN, SR Thermo ICS5000 B il 24 (1CS5000,
Thermo Fisher Scientific, USA), F|F HL A 224G I 2% %) 5k 28 43 3047 /0 A il o 00 5 1 4 o
QAR AEIEEEPE(GIeN). BN (GalN). ZEEH M (ManN) A1 EEEZ (MurA) )
BRSNS B MERAE (BNC . HEERAE (FNCO. fEMRARK (MNC) 1)
T (gkg, VLA EIEENURR HHAEYIRIEA WL DTk P v R0 R

BNC = Murd x 45 2)
FNC—( GleN MurA) 179.17 % 9 (3)
=\179.17 % 25123/ <71 X
MNC = BNC + FNC 4)
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MNC
P, = 2=

S0C (5

A, 179.17 A1251.23 4354 GleN £l MurA 5> T&: 45 M MurA B4 B 7R AR Bk 1) #%
TRIHF, 9 N GleN 21 H B FR AR 1 #4 4k K707
1.6 HIEALTE

KH Excel. IBM SPSS Statistics 27 X £ 8t 783 . Gt faotr, FIH R4.4.1 S50

BEAT AR .

2 45 R

2.1 TIEBHBRESERBNIBRESSH

ANTFI ST B L AT MU > & R 2 B . AFEZRBBRT 0~10 cm L2
GRS BAEREZER, WG+ 22 AFEEREZER (P<<0.05); 1 10~20cm
2 LR B AR A E A SR R 2 A AU S B BE E R (P>0.05). [FET,
PR PR T LA MR & & o BRI EOBR AR BT TR, AL & B R AK T 45%~73%,
MM AEREHLAE SCE S CObf J5 . LIS BRRR T 12%~78%. [Fl—LJZ2 1, 3 cobh i 3
AR S ERIN: TG ERR > T K3 b > G I ik -

AN SR Bl H 3 BURS A LB (POC) M 45 S A E N (MAOC) & &
FAAERZEZ R (P<0.05), H.JH A5 3 C5obf (1 S i PR . FORIE COBR AR IR T TR s, 358
POC M) & EFFK T 20%~45%, T AE MG Opi e, X —{E PRI T 22%~61%; 13 MAOC
B B A BRI OB FIA A S OB, 9 B FRAK T 53%~90% 1 18%~91%. {ER— 2, R
B Cif (R 3 A 1 POC & SR Iy FORAAG B Fbf FH > K3 5o > AR 3 el , HL 0~10
cm 2 o FORAHAG B RIS BRTR AR 3 Cobh 2 (R AAE B3 2 5 (P<<0.05); MAOC &R
N BRMAEEFEA > G SO > TR, = Z IAFEREZER (P>0.05),
T KPS 10~20cm +Z R HIEREYER (MBC) S BB MN, HREL5RALZRE
TR A B 257 (P>0.05); HARMEHI R NI R AL 7 3% MBC & &,
2 5 AMFEHLIR A2 2 (8] LR S A - B 2 M3 A G REZ R (P>0.05).

FT2 M TIEERSERFEESSH

Table 2 Soil organic carbon content and morphological distributionin sample sites

+Z Pt LHEENR  BORAAENEE VRS SENB ATEYEENE MRS
Soil layer Sites SOC/(g-kg™) POC/(g-kg™) MAOC/(g-kg™) DOC/(mg-kg™) MBC/(mg-kg™")
0~10 cm CoS 10.2540.38Aa  2.5240.21Aa 7.7340.18Aa 90.10+1.31Aa  221.63+28.57Aa
CoT 4.5141.20Ca  1.8140.35ABa 2.7040.86Ba 61.79+10.89Ba  201.49+72.07Aa

CiS 8.3840.42ABa  2.124+0.37ABa 6.2640.17Aa 68.0143.65Ba  210.51455.11Aa

CiT 4.0041.06Ca 1.1040.13Ba 2.9040.94Ba 36.01+7.57Ca 102.7348.60Aa

CoCiT  7.0440.77Ba  2.6840.62Aa 4.3640.67Ba 107.73410.50Aa  191.24+17.39Aa

10~20 cm CoS 9.5644.64Aa 1.6940.32Ab 7.8744.85Aa 72.4349.68ABa  196.014+60.76Aa
CoT 3.1441.25Aa 1.3540.30Aa 1.7941.08Aa 58.31+17.39ABa  273.73472.66Aa
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CiS 6.10+0.81Ab 1.2940.52Aa 4.8240.54Ab 58.16+7.12ABa  189.331+49.16Aa
CiT 2.96+1.20Aa 1.0610.26Aa 1.91+1.32Aa 46.87+6.69Ba 115.67+14.43Aa
CoCiT 5.4940.53Aa 2.0410.48Aa 3.4610.41Aa 93.07+18.59Aa 193.6919.30Aa

2.2 TIEARRREANEEENFIRFHE

AN TR 8 T T 3R o K Wy AN B AR SR AR I 1 o R 1 AT, AR[ER
B 2 7] H IR Ry B BAPE R E 2R, 1E 0~10 cm BT E R I F R > £
KM AR FH > T K3 2oh > MR RO > MG 3B e, THAE 10~20 em L2 R BN
T KM > T AKAAGE A B > T K obh > APAG 3 5o > MR U, B oK 52
FHAMH (P<0.05). ESFHEARTEBA ST, FEIEF (V)RR EERK
gy, AR ER S ER) 39%~78%, HAFFEHZE VAR SEAEREER (P<
0.05), {H/2 V BMARIELARBT RIS A FEREZR (P>0.05). 7£ 0~10cm L2
L, RORIREE R T F A (S BAARMPEREE (O RASEEES THRMM, mHR
4 M BAGFAE R EZ R 15 10~20cm FLZES, TR R S fiks 2R E ST E
KIS . MR DL ARG S R (P<<0.05), T 5 MREHBAY C BAR & B AEAE 35 2
5 (P>0.05). KFEEMBUEGDHIEMFEE T, S B V BRI EAFE L G
g3 fe &, 0~10 cm A1 10~20 cm T2, HHAGINIE FI(Ad/ADs FI(A/A 35 3E & T HAR
FEHL (P<<0.05), FHARFEHL (7] DL S AE RO P 12 22 BRI R I (0 B AR BE AR, HE
BEER (P>0.05).

HHE 1 aT RS, SR AR 5 A WA 1Y 32 R IR R L AR A i, L ECh
74.50%~98.88% , [FIIF % FEHI PN L2 Hh L R AR R S BRIy FOKNEEMEH > %
DR NGi3 > R AR MRI > KA SO > MG I 5k s 0~10 em )2 H, AR A8 C5OBH 1) 0 81 Bk Ak
WS ERFERTAT =AM (P<<0.05), 17 10~20 cm 21, MRS 2B 1) 2 B R AR i &
BEEET ARG EMEE (P<0.05). S52ZAHE, SEEHPE 12 d i i i A i & 34
RKIAN: FRAAGERR > TR > FOKI 50bh > A A% 35 o > FAd 0, HAH A I
PR B R A Bk B R AR T AT =ML (P<0.05).
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[ Bkt FNC [ swiskfkat FNC
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2.000) ABa ﬂ:_ 2000 ABa
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0
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1t Sites i3 Sites

K1 AR BT R I AR R . AL E

Fig. 1 Characteristics of lignin phenol and amino sugar accumulation and oxidation in different types of sloping

cultivated land

2.3 EYLRFE YR AN RS IR A ERA SIRR
ANTRIZRE B IBA HRE U AN Gl A= A Lo LA LB RO STRRan &l 2 P . et 1o
TEPIRRET LA HUBRK I DTIRAFE 3 22 57 (P<<0.05). 7E 0~10cm )2, WittHiafEHb
RELPIVR ok T R % 35 A0 T TR0 8 1) S A e, M RT3 5Ot Ao b 2 T T oK A b A T
83.46%A1 61.61%; A 10~20cm ==Jz H, PR M AR RE A 55 ot R th A0 T ) 8 It ) oK
FEHh, (R UGG IR S AR 2 AR R 22 7 (P<<0.05). TZEWIIRARITIH, PG
RIS 0~10 em R PR URBR DTHR IS 5 T 10~20 om /2, T AR OB A b U AH J 5
[FIRF, MR 3t SR Gl A b R IR TSR b A, (B R AN TR M PR [R] — - J2 22 1)
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Al —FEH AN R L2 2 R AR R & 22 5 (P>0.05),

a) by "
-
Bl 0-10cm % Il 0-10cm
£ gl [110-20 em Z Aa [ 10~20 cm
5 Aa 57
= T g
£ w5
£ EE Aa
I = 30 = E
=} a &=
frag) Aa Aa Aa =& Aa Aa
8 = 5.,
= | ABa E g 50 A Aa Aa
o
sol Ba Eé ; a
= Aa H §o Aa
g £ 5 Aa Aa
g 3
2 1 S s
E jof Ca %
o
o Ca —E
m: :
0 0
CoS CoT CiS CiT CoCiT CoS CoT CiS CiT CoCiT

FEHb Sites Filb Sites
Pl 2 AN[R) 28 BB AR VR R I A DR AT RS X 33T LRI FF) DT iR
Fig. 2 Contribution of organic carbon from plant and microbial sources to soil organic carbon in different types of
sloping cultivated land
2.4 REPEIAHERIFRARABERER
TIEAE YRR S LS S R A e W 3. B 3 AT, RN BT
JREEEBANIR . AR SRS B AR R E N (P<0.01), BRAAHL
o AN AR B (P<<0.05); TIEEI/KE. pH. BURASE K. FIVETEAL
By B IR AR SR O R FUR By & B AR R (P<0.01), H3RHLAK
MRl T ERELPRREE R A B2 (P<0.05); LIENUMA M. BkiSH
PUBR s FIVEPEAHLER . AR ARRR . SR A A RRO TIRI & B AP AE R B R (P<
0.01), TIEF/KEXNHAERZFLN (P<0.05), [, HHaBYERKS LRAR RIS
BANE IS & B ) AR IEAH R (P<<0.01),
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J£; BNC, FNC 25l 4N B ik AR B A B B R A% & % . Note: Clay, Silt, Sand are soil clay, silt, and sand contents, respectively; BD
is soil bulk density; SWC is soil water content; POC, MAOC, DOC, MBC are particulate organic carbon, mineral -bound organic carbon,
soluble organic carbon, and microbial biomass carbon contents, respectively; (Ad/Al)s, (Ad/Al)v are the oxidation degree of lignin phenol
S and V monomers, respectively; BNC, FNC are bacterial residual carbon and fingal residual carbon contents, respectively; BNC, FNC
are bacterial residual carbon and fingal residual carbon contents, respectively. Oxidation degree: BNC, FNC are the bacterial residue
carbon and fungal residue carbon content, respectively.
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Fig. 3 Correlation of soil organic carbon pools and their composition with various impact factors
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