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Abstract: [ Objective ] Soil erosion is a major factor causing soil degradation and crop productivity reduction in the northeast
black soil region. However, the in situ systematic and quantitative assessment of the effects of erosion on soil quality and crop
productivity remains unclear. [ Method ] A long-term field experiment on erosion-productivity relation was set up at Heshan Farm,
Heilongjiang Province in 2005 based on comprehensive effects of erosion and tillage on soil profile. The experiment was a
two-factor completely randomized block design with simulated erosion depth (8 levels of 0, 10, 20, 30, 40, 50, 60, and 70 cm) and
fertilization (no fertilization and fertilization), totaling 16 treatments with 3 replications per treatment. In 2022, a series of soil
physicochemical properties [bulk density (BD), soil water content (SWC), clay content, pH, soil organic C(SOC),
alkali-hydrolyzed N(AN), Olsen-P(AP) and available K(AK)] and biological properties [microbial biomass C and N(MBC, MBN),
catalase, urease, £ -glucosidase, cellulase activity] in 0-20 c¢cm soil layer and corn yield were measured after 18 years of the setup.
[ Result ] 1) Soil clay content, SOC, AN, AP, MBC and cellulase activities decreased significantly with the increase of simulated
erosion depth, while soil BD and AK increased significantly. Also, fertilization significantly decreased soil BD, pH, AK, and
catalase activity, but increased clay content, SOC, AN, AP, and the activities of urease, £ -glucosidase, and cellulase. Interestingly,
fertilization weakened the correlation between soil urease activity, BD and other physicochemical properties. 2) Simulated erosion
resulted in significant reductions in soil quality and corn yield, the decrease mainly occurred before the erosion depth of 40 cm.
Soil quality index decreased by 28.1% for the unfertilized treatment and 26.7% for the fertilized treatment, and yield loss was
45.8% for the unfertilized treatment and 11.7% for the fertilized treatment at 40 cm of erosion depth. Additionally, fertilization
increased the soil quality index by 7.0% and corn yield by 3.0 fold. 3) The main factors affecting soil quality under simulated
erosion were cellulase activity, MBC and AN for the unfertilized treatment, and cellulase activity, MBC, AP for the fertilized
treatment. Also, the main factors affecting corn yield under long-term simulated erosion were AN for the unfertilized treatment
and AP for the fertilized treatment. [ Conclusion ] These results quantified the degree of soil erosion on soil quality and
productivity and clarified the major factors affecting soil quality and productivity in black soil, and can serve as reference for the
restoration of degraded black soil.
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Fig. 1 Effects of simulated erosion and fertilization on soil physical and chemical properties
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F1 LEEBEUEMREERFEXE (1=8)
Table 1 Pearson correlation between soil physical, chemical and biological properties (n=8)
BD SwcC Clay pH SOC AN AP AK MBC MBN  Catal Ure Glu Cellul
BD 1 0.142  -0.691 0.216 -0.825* —0.748* —0.681 0.775* —-0.740* —-0.542 0.553 -0.673 —-0.798* —0.768*
SWC —0.753* 1 0375 -0.340 0.320 0.388  0.468  0.032 0.282  0.722* 0.643 -0.035 0.115  0.389
Clay -0.679 0.607 1 —0.218 0.956** 0.975** 0.864** —0.799* 0.710% 0.774* 0.045 0.360 0.778* 0.813*
pH 0.172  -0.461 -0.491 1 -0.175 -0.199 -0.333 —-0.231 0.067 -0.306 -0.167 -0.704 -0.304 -0.517
SOC -0.901** 0.642 0.774* —-0.355 1 0.982%* 0.885%* —0.862** 0.845%* 0.841** —0.158 0.453 0.849** (.839**
AN -0.964** 0.728* 0.739* —0.367 0.969** 1 0.887** —0.811* 0.817* 0.846** —0.095 0.413  0.828* 0.850**
AP —0.670  0.456 0.802* —0.353 0.892** 0.779* 1 —0.568 0.610  0.826* 0.058 0307  0.609 0.763*
AK  0.800* -0.664 -0.689 0.368 —0.783* —0.830* —0.723* 1 -0.835*%* -0.561 0.353 -0.301 -0.783* —-0.590
MBC -0.709* 0315 0.606 —-0.191 0.833* 0.779* 0.660 -0.379 1 0.798* —-0.368 0.418 0.778* 0.747*
MBN -0.805* 0.393  0.643 —-0.054 0.864** 0.829* 0.685 —0.544 0.943** 1 0.064 0390 0.697 0.770*
Catal  0.162 -0.155 0.058 0.258 0.026 -0.151 0403 0.025 -0.174 -0.160 1 —0.469 —-0.442 -0.096
Ure -0.818* 0.401 0.482 -0.032 0.905** 0.856** 0.803* -0.654 0.784* 0.825* 0.162 1 0.749%* 0.671%*
Glu -0.925** 0.540 0.549 -0.139 0.897** 0.934** 0.626 —0.672 0.864** 0.915** —0.286 0.883** 1 0.749%**
Cellul -0.801* 0.617  0.544 —-0.361 0.928** 0.894** 0.789* —-0.722* 0.749* 0.785* —0.016 0.894** (0.857** 1

e AT AAARRAAEE, £ LA, BD, SWC M Clay /- illfRE LA E . S/AKEMFR &, SOC HAVIKS &,
AN, AP. AK 73R 0 2 . SS0us FECR & i, MBC 1 MBN 230 5 AR 0 A= Wy i ik fi A= 0 AE Wit 0, Catal, Ure. Glu Al
Cellul 43 3 Ry i S AL SR . WREG . ST A0 T B N 4F 4 Z B, T, Note: Lower left and upper right corners are unfertilized and

fertilized treatment, respectively. BD, SWC, and clay represent bulk density, soil water content, clay proportion, respectively. SOC is soil

organic carbon. AN, AP and AK are alkali- hydrolyzed N, Olsen-P and available K, respectively. MBC and MBN indicate microbial biomass

C and N, respectively. Catal, Ure, Glu, and Cellul represent catalase, urease, f-glucosidase, and cellulase activities. The same below.
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Pl T 3 0 3R R P B M R B AU 2521 . Note:

{24 IR Erosion depth/cm 2R Erosion depth/cm

Lines represent the modelling results by two-segmented linear functions.
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Fig. 3 Effects of simulated erosion and fertilization on soil quality index calculated by the additive method ( a) and weighting method (b )
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Fig. 4 Effects of simulated erosion and fertilization on corn yields (a) and thousand-grain weight (b )

TR REMPIF ) R LRI B R BRI AR . ST 4R R M AR A A,
WFIEMK (322), HHERRHE BT R AT L A NEAL BRI Ay AL S . 4R REEYE . MUY
BFOK P RAS T 59.0% (AL ) Al 64.2% (N A=Wy s A MLBR &5 Bt 520 At 180 A0 + 398
KO, MEASAL B R OK - B AR Y 73.9% (SN ) HAREL (SQI-M2) (1 FEER ZH AN ACAL Ry - Bl fie
1 74.2% AL ), FP 58 i & 5 5K ™ & Aok, LFYEEMEEYE . A Y4 Wy R FN o= 25

M EZHEER, HMBGET R LR R8s ok
7 AR SR B

F2 EXKFE (V) 5XERERLE (SQD EMEIFXR

Table 2 Regression relationship between soil quality index (SQI)
and corn yield (Y)

Jitk Jita HE Ak a1y 75 e
R P
Method Treatment Regression equation
SQI-M1 -F Y=-2.823+3.137 SQI 0.590  0.016
+F Y=5.024+3.358 SQI 0.739  0.004
SQI-M2 -F Y=0.241+5.554 SQI 0.642  0.010
+F Y=28.090+6.822 SQI 0.742  0.004

T: SQI-MI. SQI-M2 43 5 AN i 15 AR 457 1) 1 3¢
FiaFE %L, TE. Note: SQI-M1 and SQI-M2 are soil quality index
('SQI) calculated by additive and weighing method, respectively,

The same below.
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HERMETEVE . Gl A YR BRI A R, i
NEALERI Sy - £ 4E RS 1 AR ) A i R
RO i o MR AR AE TR 7 Y 32 RO AT
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TR, DA BO™ AR T S A
Mo BEAE S E A E . pH, A EREE T
W, BORLE BRI HLAR . B O

F3gm CIE 1), A Ak B ey A AR 28 AR 1 R RERE AR T
TR, HERASE Y KR, 2R
VA i S P T

£3 FMIRRERY. FEIERHZEMNZTLEZRLSEEADT

Table 3 Multivariate linear stepwise regression-based major soil properties affecting soil quality index and corn yield

AbFH FrifiE [l T %% Standardized coefficient .
PE R R P
Treatment
Clay socC AN AP MBC Glu Cellul

SQI-M1 —F - - 0.326™ - 0.419™ - 0.378" 0.930 <0.001
+F - 0.138" - 0.443™ 0.305™ - 0.400™" 0.933 <0.001

SQI-M2 —F - - 0.303™ - 0.276" 0.234" 0.302" 0.924 <0.001
+F 0.194™ - - 0.374™ 0.387" - 0.467° 0.950 <0.001

P -F - - 0.660™ - - - - 0.410 <0.001
Yield +F - - - 0.556" - - - 0.277 0.005

e —RRZL EH P HEBR Y48 & . Note: — indicate excluded variables in multiple linear stepwise regression.
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