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Effects of Soil Erosion and Deposition on Soil Physical and Biochemical Properties
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Abstract: Soil erosion-deposition is one of the essential mechanisms affecting the geochemical cycle of
terrestrial ecosystem. In this study, the spatial distribution characteristics of soil biological, chemical and
physical properties in erosion sites and deposition sites were systematically analyzed. The erosion-deposition
plots were constructed based on the erosion-deposition geomorphic characteristics of the China’s Loess
Plateau, including erosion sites with three slope gradients of 5°, 10° and 20°, and each erosion site was
connected with a deposition site. During the experimental period (2015—2019), continuous in-situ monitoring of
runoff, sediment, soil temperature and moisture under natural rainfall conditions were conducted. Soil
samples were regularly collected for analyzing the physical and biochemical properties. The results showed
that: (1) With the increasing of slope gradients, the intensity of soil erosion increased. In specific, compared
with 5° slope, the annual runoff on 10 ° and 20 ° slopes increased by 30%~115% and 48 % ~207% , respectively,
meanwhile, the annual sediment yield on the 10° and 20° slopes increased by 146 % ~505% and 241% ~
742%, respectively. (2) The concentrations of soil organic carbon, dissolved organic carbon, mineral
nitrogen, soil microbial biomass carbon and nitrogen and the clay content in the deposition sites were all
significantly higher than those in erosion sites. However, the relative abundance of 8 C was 2.0% ~3.3%
higher in the erosion sites than that in the deposition sites. (3) The difference of soil properties between
erosion site and deposition site increased with the increasing of slope gradients. Our results suggested that
soil physical and chemical properties had opposite responses to soil erosion and deposition.
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1.1 #HEXHHR

TS e v K B AR H A A AR G R B AR U
DA CRTAR A ™D HEAT . R 23k 157 B 75 45 ok
FET K F 4R 78 /N7 (35°13'—35°16' N, 107°40"—
107°42'E), ZWREFREREZW. L FEZLTH.R
TRBEPER XA AFBFFEKRE R 560 mm,7—9 H
FEK & AR RN AN A . FIFEKRE R 1565
mm, FFHEIR 9.4 CL, =10 CTRUR N 3 029 °C L4
H BRI E S 2 230 h, H By 510, FF 5 B it R
484 kJ/em® , TFEMA 171 K, R)Z L O20 cD
WUk N 6.50 g/kg, A & & 0.62 g/kg, il fift A
i 37.0 mg/kg, AW E & 3.0 mg/ kg, HAH F
129.3 mg/kg BEIRAS 10.5% , pH 8.4, +HEF; ki
P (<20.002 mm) 14%, HIAIRFK & 22.4%, L1 3=
K 9.0%0, TR E RN FE RS L B
TRI A g o 22 L + 2RI RS .

1.2 iK@igit

AT T 2014 4F 4 AEER R B R 72—
BU/NMX /N AR X (K X FE X &2 500 em X
100 em X200 cm) FPLFRX (K X FE X &2 100 em X 100
em X 200 cm) PRI A4 B, AR Pl X AL AR 3 A BEE (57,
10°, 200 (3t , & T4 4 IR, HLAAMR I T o i 4
DURRIX (0% o e 3 A S0 M 0 - St 138 1 7K 4
JF R AR B AR A A AR Y W B AR AR A T
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() 5 Ay 3kt B G Ath PR 28 6 /N X - 8 B v e A A Y T
P, A2 okt DXRTT AR DX A Al AT A i B4 4, 0 R
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ok T B T R S5 R B R A R U T R il 1Y
ALl TEEA T W D0 AR i A e v B 42 ik DX g
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AL KAL) 1 fL3E ) g A Hor 8 FLA
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R A T 1 2 S BV AR A P AR U A e VD
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TR B M 2R w e v, &5 KRB
B R E T AL R UV 58 A UUNE JS A v E
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UKAE S J5 S0 BT e A8 2 AR ) ik VAL
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K, SO, & # H 3 & I F Sk 73 BT AL (TOC-VC-
SH, Shimadzu, Japan) & + 3 A] % P4 #% (soil dis-
solved organic carbon, DOC), + 3¢ & & (total ni-
trogen, TN 2 2R B G AL . A 1 mol/L
) HCI 3242 138, 48 J5 R H i 85 43 #7 A (Bran+ Lu-
ebbe GmbH, Germany) Il % H /) + HE RS | 8 5 A
(soil nitrate nitrogen, NO; —Nj; soil ammonium
nitrogen, NH, " —N) ., HH Vance Z"Y F1 Brookes
SR RS, SR S0 TR 25 R I o - M UE W
A (soil microbial biomass carbon, MBC;soil micro-
bial biomass nitrogen, MBN), -+ 3 ¥ 5§ 41 i % F
MS 2000 #% )¢ ki B ¢ ( Malvern Instruments,
Worcestershire, UK) 4381, N T 5 SOC fb 224
BT =2 i DA T AR DX A5 (8] A AR R AR AR B 5T T
2019 4F 11 H R4+, 4 IR Xiao 5510 19 40 BT 7 ik
X EEAPLRK 8 C AT 40 AT . i AR O of £
HER T AR B, 1 0.149 mm By 5 5 L 3.0 g K
TSR T 50 mL f/NGEAR L IFIA 6.0 mL., 2.5
mol ) HCL$if ¥, & 24 h J5 bR X b (i AL Bk
B HCL IR 28 MK TS ek Ac i HCL, iz
aliflib ¥ /5 MAT253 B[R 7 % L B % 4% (Ther-
moFisher Scientific, Waltham, MA, USA) Il &
8V CfE. KJH PDB ARifE, 5 & 2 £0.120,8"C {1
K HT I B it A v 2

3" C=((R umple — R standura) /R standira) X 1000 (1)
PR e N IR SR EH A B (PO 5RO
A LEAE (P C/ C) 5 R oangena AR FRUE LA

- K S A R R s SR 1 A IR R K Sy
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I e D b B rb 3R DA R T AR DX
10 cm B & &b 73 51 3 R KR 5 R 4R A% 4R BT, B 10
cm, B 30 min #E4T 1 WEHE R AR .
L5 HESH

£ SPSS ver. 20.0 #Af v BEAT HLIN 3R T7 22 70 4
It A Duncan #;56 (P<C0.05) k43 A7 + 329 B {2~
P 3 A AN () 38 ] X B AR ot DX 5 0 RR X 22 ) 1) 22 =
BFEM. HIEEIR Sigma Plot ver. 12.5 #ff.
2 HiRk5nPr
2.1 RBRAED T

I 1] (2015-—2019 4F) 4R 42 it 1 L7 0 1 1
P B B R 1 O R B (R . M 57,
10° 1 207 3¢ B 4F 42 il 22 0 o] £ 5 3000 ~ 11504 Al
4876~207 Y03 10" 20737 {9 7 ¥b et 73 3l $2 5 146 06 ~
5050 Fll 24106 ~T7426 . LI ML, 4 S 42 et ke < ol 45
I B ) 38 RT3 KL 10 20° B 114 4= 1ok R A X 578

SR 2.4~6.0,3.4~8.3 1%,
R1 2015—2019 EARAHEELYTERRE.
FEILEFE IR BT LA

. B OWE/ R/ U/ R R/

Fh KiE/mm () m® kg (tekm ?ea b

5 0.14 5.2 1050
2015 520 10 0.24 24.1 4827

20 0.43 13.8 8754

5 0.27 14.1 2824
2016 523 10 0.58 44,7 8939

20 0.58 48.1 9624

5 0.23 2.1 423
2017 560 10 0.30 12.7 2549

20 0.34 15.8 3159

5 0.30 7.4 1489
2018 598 10 0.39 18.2 3632

20 0.48 27.5 5499

5 0.30 10.5 2109
2019 760 10 0.46 42.5 8492

20 0.58 57.3 11451
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1b~FE 1d) ., ANt 2 A [R] 3 BE 0 42 1k X 2 )ik S A
Ivi) 3 32 R TR X 22 M) 9 A b 25 S /N

{2 ik DX FNEAR X A 3K 43 3h A A8 A RR AR B AL —
H(E 2a~ & 20), H 5 B W AL EROEE 1 (9 43 1 5
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23 EHRMARRTEEY DELEERNET

L 45 1E

I 6] (2015—2019 4E) . SOC, TN, #" i #
O3 A W AL DA SRR A A S AR BT Y - 2
HHRIAVIRX K FRMIX (R 2 MEK 3., AR
B RETURR X SOC ¥ B A bt IXC 48 3y 19 W 22 43 0l oy
5°,2.6%310°,7.2%;20°,6.4% (P <C0.05); YL FL X
DOC N, f1 TN ¥ 5 # FC A2 0l IX 4393 T 5 0.9 % ~
17.6%,33.4 % ~53.5% 1 0.5% ~8.5% (P <C0.05) ;
AL M, MBC 1 MBN 7E 3T AR X9 & B2 A EL 4R ol X
WETE 7.9% ~64.9% A1 71.5% ~185.0% (P <
0.05) , [mI B PLAR X ZRL & & 5 T 42 1k X (H T AR IX
KRk & BN FARMIX . 5 574H K, 107, 2078
4 - 18 B AL M A AR ok IXORN E AR X 2 ) ) 25 S R
B (3 2 MR 3) . mbAb, £ 1 87 C X 32 BE7E 4= Ik

X FUUBLX 32 S BE R 2.0 %6 ~ 3.3 % (P <C0.05,
F2ME 3,

M TR AN [ B R R AE AR AR I 22 7 (BR 2 M
%3, M5 EMIX,10°, 20 X 7 SOC.DOC,
N... . TN. MBC I MBN 43 5l B& ik 3.0% ~3.1%,
6.7%~13.7%,0.1%~7.6%,0.9% ~2.0%,10.8 % ~
16.6 %0 A1 19.1% ~28.9% ; M /2 . £ 10°Fl 20° YL AL X
FH G 5T PR AR K i85 0.5%0 ~1.3%,0.6% ~2.0%,
6.4%~7.9%.5.0% ~5.7%.22.2% ~27.5% Fl 8.7% ~
18.1% . AHAHE , 10°F 20T AR X Bk 2 A e 5° DT AR
X i 3 T 3.2 %0 f1 3.5 % (P<C0.05) ., A4k, 118"
C AHXT F=EETE 10°F 20° 4= 1t DX AR b 5742 1k IX. f 35 %
i 0.4 % ; 5 Z AL, 118 8% C A X FE EEFE 10°F1 20°
DU X AR B 57U AR IX i 2 P I 0.8 %6 ~ 1.6 %0 (P <<
0.05,% 2 fI# 3,

F2 TRAHEEEMRMARR TEXFIEROTUSE

- ot Yk 5° 10° 20°
FERTN Rl X PURIX Rl X PURIX Rl X PRI
SOC/(g+ kg 1) 8.680.24A 8.67+0.23a 8.5240.68A 8.80+0.20a 8.5440.52A 8.8340.284
DOC/(mg * kg™") 23.6241.67A  22.28+0.85a 206642154  22.39+1.14a 205441814  22.54+0.87a
2015 Noin/(m + kg ™) 1.9140.26A 1.9740.18a 1.78£0.09A 2.0940.11a" 1.76£0.05A 2.1640.27a
TN/(g kg ) 0.76+0.20A 0.7640.02a 0.75+0.01A 0.8040.05a 0.76+0.04A 0.8540.04a
SOC/(g+ kg ") 8.7040.06B 8.7040.08a 8.4310.06A 8.87+0.13a" 8.3940.00A 8.8340.12a"
DOC/(mg * kg 1) 23.0340.40C 22.9841.39a 18.66+1.098 22.02+2.692" 16.2140.89A  22.154+0.47a"
2016 Nun/(g* kg ) 1.8440.058 2.2640.03a" 1.86+0.08B 2.7240.16b" 1.5240.06A 2.5340.04b"
TN/(g+ kg 1) 0.7340.02A 0.6840.02a 0.7340.08A 0.7940.04b 0.7640.06A 0.7940.04b
SOC/(g+ kg ™) 8.6440.02B 8.6940.07a 8.4840.01A 9.0440.09b" 8.4540.03A 8.9740.04b"
DOC/(mg+ kg™ ") 23.2840.05B 24.3340.522" 22.3540.20AB  26.0941.00a° 21.9340.44A  25.43%0.49a
2017 N/ (mg * kg ) 1.8340.01C 2.5940.21a" 1.68+0.01B 2.1640.17a" 1.5340.08Ab 2.4440.28a"
TN/(g kg 1) 0.7740.06A 0.7440.03a 0.74%0.01A 0.7840.01a 0.7240.01A 0.7740.02a"
SOC/(g+ kg ) 8.6140.11B 9.2040.32a" 8.3040.02A 9.1940.55a" 8.3140.04A 8.97+0.75a
DOC/(mg * kg 1) 22.3343.06A  20.08+1.31a 2L54+1T5A 20.7940.82a 18.38+1.27TA  20.18+0.28a
2018 N/ (mg * kg 1) 1.3040.13A 2.1340.092" 1.50£0.14A 2.7340.12b" 1.49£0.05A 2.2940.46ab "
TN/(g kg ) 0.6940.03A 0.7840.05a 0.6840.02A 0.7340.04a 0.6940.01A 0.7440.04a
SOC/(g+ kg™ ") 8.6140.44B 9.1340.18a 8.2340.16A 9.0740.09a" 8.2440.08A 9.0040.12a"
DOC/(mg * kg ") 21.0540.41A  24.60-3.36a 225441754 25.26+5.00a 207142394 24.68+2.93a
2019 Nuin/(mg * kg 1) 1.4940.13A 2.2240.26a 1.5340.15A 2.3140.03a" 1.4340.14A 2.4540.152"
TN/(g kg 1) 0.7940.04A 0.7940.01a 0.76+0A 0.8740.15a 0.7740.01A 0.8040.052"
SOC/ (g kg™) 8.65+0.108 8.88+0.08a 8.3940.09A 9.0040.03a" 8.38+0.10A 8.9240.054"
DOC/(mg * kg 1) 22.66+0.72B 22.8540.39a 21.1540.71AB  23.3140.33a" 19.5640.64A  23.0040.552"
B Noa/ (mg * kg ™) 1.6740.03B 2.2340.062" 1.67+0.03B 2.4140,05b" 1.5540,03A 2.37+0.08ab"
TN/(g kg ) 0.754+0.01A 0.7540.01a 0.7340.02A 0.7940.04a 0.7440.01A 0.7940.01a"

T R B D V3B AR e 22 3B 9 4% IR R B 5 AR 0P34 4H s SOC 29 AT MUK ;s DOC g 3l 38 PR 5 N i 0 30 BT (-3¢
S RWEZ A s TN N IR A . AFRKE T8 R & b TR A R 33 18] ) 22 5 4 2 35 (P <C0.05) 5 ARVNE S B R R YLLK FE A
[F) 3 B 1) f) 22 Sk 4 3 (P <C0.05) 5 % FoRAE P<C0.05 /K = [ — 3k BE 42 folt X A0 UL BLIX. =2 1) A 2 5 b 5

3 W

Zeat 5 F R AR UL, SOC 1 YL AL X B
B T AE AR ik XA X D L 3k — R AE BE AR T
FEUAF B398 o i e o 2 . % Ak TT BE 5 AR T e
ViR RS X - HEWOR A 35 oy 1 e PR IS B A 6,
{2 — PO AR b T AR S R B s fE
AR, A ek B BN IV R b 2 i B,

AT 5 42 DX 40 /) 1) 28 b AS B 9 2 TR R 5 £ A
Xof H 5 s A S L ARk DX AR 1 R B ¢ T IR T ML T
A BELAS: DAL K A58 3t 3 R 1) D 55 1T 455 BA AE DORR X, DA fiff
P OTRR DX AHRL 3 1 A X 2 5 (3R 2 PSR 3). T4
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A E BB E B R A A P TR X DOC
T TR, HARMIX A SOC 4 8 m ks e . i
TUBR X SOC 4 B A £ 8 4 43 & st 35 s 42 1l IX.
Y CHE R T UL X AR S 3K — 55 (£ 3), X 5 Ma
AT B I A A R — 2, WD UTRR XM B AR ik X A A

22 1)1 P e RN T /D (R PR Al . B B AR IR N L 42
T IX 2R 2 4 Ok B2 1 SOC A2 37 FNJE T i 1T
FRIXIEH . mZ R vb X SOC i #E B w2, YL X
SOC & EFFE R M ZE T, e 4 SOC TE 42 1k X FHT
FRIX Z [H] iy 22 3 K

®3 TEAFEEEMRMARARLEEY MEEROTUSHE

- B2 Lot/ 5° 10° 20°
‘ AL B TR B TR Bl K
MBC/(mg * kg™ ) 132.4443.728 149.03+4.71a" 124.58+13.15AB  176.62+5.96b" 111.5348.09A 186.56+9.79h "
MBN/(mg* kg™ ') 7.65+0.42B 11.28+1.83a" 5.08+0.38AB 12.87+2.82a" 4.25+1.06A 14,43+4.02a"
2015 Clay/% 26.80£0.70A 26.90+0.80ab 26.301+2.00A 27.00£0.20b 26.10£0.60A 25.40+0.70a
Silt/ % 65.80+0.50A 65.60+0.80a 65.401+1.00A 65.20+0.50a 65.200,90A 66.50+0.40a
Sand/ % 7.40%0.80A 7.50+0.40a 8.30+1.70A 8.00+0.50a 8. 70+ 1.20A 8.10+0.50a
MBC/(mg *« kg™") 129.2545.13B 144.80+2.83a" 111.30£6.03A 182.03+5.84b" 113.064+4,90A 180.46+2.49h"
MBN/(mg * kg ) 6.54+0.37C 12.8440.82a" 5.2410.21B 14.56+0.46bh " 4.30+0.31A 17.56£0.65¢"
2016 Clay/% 26.70£0.50A 27.40+0.20a 25.80+0.40A 28.50£0.40a" 25.6010.50A 28.20+£1.00a"
Silt/ % 66.00£0.30A 65.10+0.90a 66.104+0.30A 63.70+0.60a" 66.40+0,40A 65.00+0.70a
Sand/ % 7.30£0.60A 7.40£0.70a 8.70£0.50A 7.80+0.50a 8.00+1.00A 6.80+0.30a
MBC/(mg* kg™ ") 148.45+1.52C 135.4942.21a" 123.15£3.11B 158.58+5.03b" 112.40+4,45A 181.52+3.20¢ "
MBN/(mg* kg™ ") 7.12£0.79B 11.51+1.07a" 6.01+£0.34AB 14.5140.46b" 5.60£0.37A 14.4940.66b "
2017 Clay/% 26.011t1.20A 24.00%0.50a 24,70+0.90A 26.704+0.30b " 24,90+0.80A 27.20+1.00b
Silt/ % 65.20£0.90A 66.20+0.50a 67.50+1.50A 66.20+0.90a 66.80+0.40A 65.20+1.70a
Sand/ % 8.704+1.00A 9.80+0.60b 7.80£1.00A 7.10£0.60a 8.30+1.30A 7.60+1.30ab
MBC/(mg * kg™ ") 132.40£6.95B 138.68+14.52a 124.58+12.73AB  185.05+13.75b" 111.50£36.61A  185.89+17.86h"
MBN/(mg * kg™ ") 6.98+0.42C 15.9+1.82a" 5.08+0.38B 14,454+0.66a" 3.661+0.26A 14.6+1.87a"
2018 Clay’% 23.50£0.50A 25.50+0.60a" 23.501+0.80A 26.10+1.0a" 22.40£1.30A 27.50+1.30a"
Silt/ % 68.60+0.50B 65.80+1.00a" 66.70+0.50A 64.20+0.70a" 66.70+0.80A 63.50+1.00a"
Sand/ % 7.90+1.00A 8.704+0.70a 9.80+0.30AB 9.70£0.90a 10.90+1.00B 9.00£0.80a
MBC/(mg* kg™ ") 131.34£20.24B  159.03+9.27a" 117.38£10.65A 185.79+22.79a" 113.67£9.69A 192.79+21.31b"
MBN/(mg * kg™ *) 8.92+0.66A 12.96+2.58a 8.67+0.65A 12.87+2.82a" 8.65F1.17A 14,28+3.05a"
2019 Clay/% 23.10£0.50A 26.60+0.40a" 23.704+0.70A 26,40+0.80a" 23.10£0.50A 26.70+1.10a"
Silt/ % 67.80+0.50B 65.90+0.30a" 67.40+0.60AB 65.80+1.20a 66.60+0.40A 65.204+0.90a
Sand/ % 9.10+0.20AB 7.50£0.40a" 8.90+0.80A 8.004+0.50a 11.10+1.20B 8.10£0.50a"
013C —21.554+0.033A —22.254+0.052a" —21.4740.037B —21.90+0.121b" —21.464+0.038B —22.074+0.070b "
MBC/(mg * kg™ ") 134.78+4.15B 145.41+1.53a" 120.20=0.56 A 177.61+4.28b" 112.44£5.09A 185.44+3.84b"
MBN/(mg + kg™ ") 7.4440.24C 12.76+0.51a" 6.02+0.23B 13.87+0.84ab” 5.294+0.27A 15.08+0.61b "
WE Clay’% 25.260,40A 26.09+0.28a. 24.791+0.62A 26.93+0.25b" 24.40£0.,29A 26.99+0.18b"
Silt/ % 66.68+0.19A 65.71+0.21a 66.65+0.45A 65.03+0.10a" 66.34+0.29A 65.094+0.54a"
Sand/ % 8.06+0.27B 8.2010.30a 8.69+0.46AB 8.12+0.19a 9,39+0.48A 7.914+0.38a"

TE - R B N Y (E AR E 2 S (EON 45 S W B B 5 AR B9 3 (s MIBC O A R W 4 Bk s MBN Oy R A W R

KK G

g RN Rl DXCTE AN [ 398 32 ] ) 28 5 1 35 (P <C0.05) 5 AN [R) /NG 5 B 7 TR DX 7 AR ) 38 58 1) ) 22 e P B 35 (P<C0.05) 5 * RIRTE P<<

0.05 7K I [F] — 35 JiE 42 ol DXRD O R IX. 22 ] ) 28 5 o 3 1k

I RE B 8 KR SOC 78482 il X R PTRR X 2 [ 1)
225 X 0] RS AR 2R AR A
(K 1), YHEEEREKIT L 10°H 20° 3 42 1ok X 14 B kL
A A /L, A R A T R X Ok i £ L 3R W
J3E 88 KA O 4 9 4R b — T AR e R X A0 AR 110 32 4
3800 kR B ARl B 22 0 B AR 4R T 1) SOC 7E
e 33k i 0 0 R DA AR ik X 37 4 T 2R R R S ) DT AR
X, Wang %0V A58 & B0, R M b 573 SOC & &
FAEE 3798 B 13 % . 33t UE 52 76 4 4= i iod 7 v, AR
LU 58 /0N 3 ) S0k b L 5 R B B 1) B b SOC 3t 2K i B
KEGARBITELGE R,

4 &5 ik

A6 3 18] L Bl 25 42 3 A8 70 M ARk X 1 39T AR
XiE#, JLARIX SOC 1 2 & 4 L M 7E 4= 1l DXk 2D, H
B ARl — DORR AR BRBG I0, 3X — R AR Ok B g . [F]
B A 398 42 b R T AR ok AR - AT MILRR 1) Ak 2 R e
TR X AN R P = 8 HILAS L 91 AR X6 386 o i 432 ok X
R A ML L A5 A X 388

(2) Bifi 3 B 48, 48 3 TR VD 7 42 ik DX T AR X
Z IR IEAS B3, AT 51 B 2 SOC AR il X 3t
JM s EAEVIRIX
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