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Response of Seasonal Variations in Soil Extracellular Enzymes to Soil Erosion
Intensity on Farmland in Typical Thick—Layer Black Soil Region
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Abstract: [ Objective] Studying the responses of seasonal variations in soil extracellular enzymes to soil erosion
intensity on farmland in the black soil region can deepen the understanding of the mechanisms by which farmland
soil erosion affects soil ecological functions and provides a scientific basis for the sustainable utilization of soil
resources. [ Methods] Slope farmland in the typical black soil region of Keshan County, Heilongjiang Province

was selected. The ""Cs tracing method was used to estimate soil erosion rate, and soil nutrients, microbial
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biomass, and soil enzyme activities under different erosion intensity grades were measured under natural conditions
in summer (June 2023) and autumn (September 2023). The responses of seasonal variations in soil extracellular
enzymes to soil erosion intensity on farmland in the typical black soil region of northeast China were analyzed.
[Results] 1) Soil erosion rates on the farmland slope based on Cs tracing ranged from 479.3 t/(km?-a) to
8 041.2 t/(km®-a). The soil erosion intensity grades were primarily classified as slight, moderate, and severe
erosion levels. 2) Spatial differences in soil extracellular enzyme activities were observed on the farmland slope
during summer and autumn. Compared to summer, the activities of soil -1, 4-glucosidase (BG) , B-1, 4-N-
acetylglucosaminidase (NAG) , and leucine aminopeptidase (ILAP) increased to different degrees across different
slope positions in autumn. The spatial distribution of soil extracellular enzyme activities on the farmland slopes was
influenced by both soil erosion intensity grades and seasonal variations. 3) The response of soil enzyme activities to
seasonal variations was most sensitive in the severe erosion zone. In autumn, soil BG and NAG enzyme activities
in the severe erosion zone increased significantly by 18.0% and 24.0%, respectively, compared with summer,
while LAP and acid phosphatase (ACP) enzyme activities responded relatively weakly to seasonal variations.
4) The contents of soil organic carbon (SOC) , total phosphorus (TP), water-soluble organic carbon (DOC) ,
and water-soluble nitrogen (DON) were the key factors affecting soil extracellular enzyme activities. [ Conclusion ] Soil
extracellular enzyme activities on the farmland slopes exhibit significant seasonal variations, and the response of
these activities to seasonal variations is most pronounced in the severe erosion zone. These findings are of great
importance for deepening the understanding of the mechanisms by which farmland soil erosion affects soil
ecosystem functions in the black soil region of Northeast China.
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Table 3 Seasonal variations in soil enzyme activities on farmland slopes
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A% k2 A% k2 HZ k2
BG 119.8+19.1b 140.8+19.4a 116.9+19.1a 115.7+15.0a 118.4+19.0b 128.2+21.4a
NAG 32.9410.9a 36.84-8.5a 35.3+14.4a 36.4410.1a 34.14+12.8a 36.64-9.3a
LAP 7.841.8b 9.3+1.7a 11.14+1.2a 10.4+1.7b 9.4+2.3a 9.9+1.7a
ACP 203.3433.6b 247.5439.2a 231.54+52.4a 186.24+34.4b 217.44+46.0a 216.8447.9a
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Fig. 4 Spatial distribution of soil extracellular enzymes on slope A during summer and autumn
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Fig. 5 Spatial distribution of soil extracellular enzymes on slope B during summer and autumn
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Table 4 Seasonal variations in soil enzyme activities on farmland under different soil erosion intensity grades

HZ k2
4k 3
B T 56 21 e T 56 21
BG 123.619.3Aa  116.94+17.2Aa  104.5£18.4Bb 131.0£22.9Aa  126.3+20.5Aa  123.3+£18.0Aa
NAG 34.3+11.3Aa  35.19+15.4Aa 30.749.3Aa 34.7+9.4Aa 38.549.6Aa 38.146.8Aa
LAP 9.7£2.2Aa 9.3£2.4Aa 8.7+2.6Aa 10.1£1.9Aa 9.8£1.5Aa 9.2£1.8Aa

ACP 218.7439.2Aa 217.4452.1Aa 222.71+48.2Aa 217.64+47.6Aa 218.74+45.8Aa 208.2458.6Aa
232 AMEFLERSEEEFRL L2k F G FER L I UL AR Dl B AR ST, b3 BG IS X R
kA H MR R b EE ORI RR ZUAR DO BE ARG, Ay i 3R e R BURR
o3 AT BB - R S A bR ik R OC R H5EFRM TR = vhoR %5 20 [200~2 500
WK 6K 7, K6 M, ERERMER 200~  t/(kmPa D] T, BZAH + 5 BG FI LAP g 1% £ 1
2500 t/(km*+a) J 554N, R Hh 11 BG \NAG . 5512 bl R 5L I 3 Y IE A 26 6 & (p=>0.05) , - HE
LAP Fl ACP i 7 P B (2 frh 3 5 i 36 Jn i 38 00, 5 NAG BIE M5 12 s 3 5 28 A0 1E A0 96 (p<<0.05), i
+ HE NAG B 6 P 5 42 b R 5L R OC (p<< 1 ACP B PR 5 4R ol i R LR I 35 A A A O (o>
0.05), Hofth 3 A0l 16 v 5 R b R AR B EH T 0.0 (E 7, BEH 7R 52 BER sl BE AR R, +HENAG
K (p=0.05), PEWIE L R T FE AR R, - HEBG B IG 02 okt 38 % f0 g 17 A AR L A R AR ol B
it 1 T A5 ol 2 14 e 7 A8 UK 5 AE o B (R ok s 2 9% [2 500~5 000 t/(km?a) ] T, Bk 7= 4 Hh + 4%
952 500~5 000 t/(km*-a) [ 41 F, &L+ BG.NAG FI ACP i i ¥ 5 12 fh i R 2y 5K i 3 1F
5 BG \LAP #l ACP i 1 Pk 55 4= 1ol o 58 1 501 ) 35 AHOCH L HE LAP B 16 P 542 il o R 5K 1 3 67 A
A, H LIENAGH IS S RMERERNRE  KPp=>0.05), UL b B2 Dl B2 2 90T, 4 Fh 1 JE i
TEAH G (p=>0.05) , 1 W] o B 42 el it B 45 90 T, 4 Fh T P X 2 b R 3 ) ) 7 S8 AN B . AR R B M LA 4R
- 9 it X A ok S R ) B8ORS R FE SR AN S PR EE SR [ >>5 000 t/(km®+a) ] T, + 58 NAG i G
DL AR SR %[ >>5 000 t/Ckm”a) J 45, H M5 (R ploak R 2 OR B 3% IE M 56 (p=>0.05) , ifif H b
Z e + 3 BG \NAG . LAP I ACP f§ 1% 1 ¥ B 12 3 T 1 5 A el R R B A OE (p=>0.05) , 1
okt S S 1% 1 0 T 9 D, (H R - 48 BG g A1, HoAth 3 B HH7E 9 0 R DL b A i B A T, b HE S T X R
il 75 P 54 o R LR 3 A DG (p=>0.05) , Uk o 3824 (1 o) 7 L UK
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Fig.7 Relationship between soil extracellular enzymes and soil erosion rates in autumn
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Table 5 Explanatory power and significance test results of
soil nutrients and microbial biomass on soil

extracellular enzymes
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Table 6 Seasonal variations in soil nutrient content on farmland slopes under different soil erosion intensity grades
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