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Nutrient Characteristics and Factors Influencing Surface Soil with Gully Erosion on
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Abstract: [ Objective] The soil nutrient characteristics and influencing factors of surface soil gully erosion for
low hilly terrain in the black soil area were studied in order to provide data and theoretical support for the
rational use of land resources, accurate management of soil fertility, and restoration of degraded soil in the
black soil area. [ Methods] Surface soil gully erosion for different types of eroded ditches in Yanshou County,
Heilongjiang Province was determined by measuring and analyzing soil samples from the 0—40 cm layer in

each part of the erosion gully. [ Results] @ The contents of soil organic matter, total nitrogen, total
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phosphorus, total potassium, available phosphorus, available potassium, and alkali hydrolyzable nitrogen
were significantly different (»<Z0.05) for different erosion gully types compared with the check treatment.
As an erosion gully developed, soil organic matter decreased in the 0—40 cm layer, and the contents of total
nitrogen, total phosphorus, total potassium, available phosphorus, available potassium, and alkali hydrolyzable
nitrogen also decreased. These nutrient contents were significantly different (p <{0.05) in different soil
layers. Soil nutrient contents decreased with increasing depth. Because of erosion deposition, the contents of
soil organic matter, total nitrogen, total potassium, and alkali hydrolyzable nitrogen decreased dramatically
at the head of the gully, and at the same time, the contents of soil organic matter, available phosphorus, and
available potassium decreased slowly. @ The soil degradation index followed the order of CK>A,>A,>A,
in the 0—40 cm layer as erosion gullies developed, and the soil was gradually degraded. [ Conclusion] Soil
nutrients had an overall significant negative correlation with bulk density, and soil nutrients were positively
correlated with water stable aggregates and clay content. Soil profile differences were the fundamental reason
for the variation in soil nutrients. Erosion gully development was the secondary reason for nutrient changes.

The contents of soil organic matter, total nitrogen., and total potassium were also affected by positional

differences.

Keywords: black soil area; sloping farmland; soil erosion; soil nutrient
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Table 1 Basic condition of tested soil
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Table 2 Content change of soil organic matter in erosion gullies of different

development types at different scales of Yanshou County g/kg

- 0—20 cm + 2 A MR & 20—40 em L EFHUR S &

L

! CK A, A, Ay CK A, A, A,
Wk 44.6240.05  37.2£3.5 24.5649.12 14.58+£1.02  10.96+1.92  7.45+1.41
W 53.1542.24  28.73+£4.01  22.01+11.98 20.374+1.21  18.01£7.86  17.5746.16
X 69.35+7.22 ) 40.9544.25
W R 40.16+6.03  36.094+4.27  43.65+8.07 31.546.30 29.48+8.75  16.52+8.03
F-H{E 45.98+6.55  34.01%=5.44  30.07%13.80 22.1547.96  19.48+10.30  13.85+7.44
AL A Ay ARG S HEARNEIERLE 1, FH.,
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39.79%,28.27 % Al 40.30 % , 4= 80 43 5 F [ 19.08% .
15.07 % F1 23.97% » AR 2 TR FE 2040 cm
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Table 3 Content change of total nitrogen, total phosphorus and total potassium in erosion

gullies of different development types at different scales of Yanshou County g/kg
sk A 0—20 cm 20—40 cm
CK A, A, As CK A, A, A,
Wk 2.734+0.71  2.67+0.40  1.9+0.19 2.284+0.35  1.63+0.09  1.4240.07
A W T 4.3240.40  2.01+£0.59  2.45+1.27 \ 58107 2.644+0.77  1.96+0.86  2.5540.70
R 3.024:0.26  2.864:0.23  3.1940.14 2.5640.37  2.8740.03  1.55%0.49
FHIE 3.3640.85  2.5140.56  2.5140.91 2.4940.56  2.1540.72  1.8440.71
% 1.784£0.53  2.03£0.43  1.2340.08 0.7540.05  1.08+0.03  0.640.15
s, A 1.04£0.08  1.35£0.05  1.7£0.15 i 1.2840.13  1.3£0.07  1.25£0.05
2RaR a2 ZATO0TS 1.3340.03  1.4840.08  1.35+0.10 195044 0.98+0.48  1.2840.08  0.9540.10
FHE 1.384+0.43  1.6240.39  1.4340.23 1.004£0.36  1.2240.11  0.9340.29
W% 23.740.58  22.7543.22  18.96+4.24 21.05+2.38  22.644+4.78  16.445.33
o R 26.5240.40  29.45£0.80  28.07£1.21 21.884+1.55 24.05£3.39  22.74+£3.03
St R 31342188 27.9640.30  25.9741.28  26.134+2.47 28,202,178 23.6740.98  27.0740.98  23.71+2.01
S E 26.06+1.82  26.063.42 24.3944.88 22.2042.05 24.59+3.90  20.95+4.94
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Table 4 Content change of available phosphorus, available potassium and available nitrogen in

erosion gullies of different development types at different scales of Yanshou County mg/kg
B _ 0—20 em +JZ 20—40 cm 12
S TR 70 - & - =
CK A A, Ay CK A A, Ay
3k 17.9540.01  24.95+£0.01  24.987.70 16.64£2.78  9.51+4.88 13.2140.64
bl 20.63£0.19  27.54+4.93  19.4642.03 19.141.05 22714041  13.29+2.42
BABESE 39.23+6.76 28.77+5.44
WE 2598285  32.11£0.36  19.6541.22 24.83+£155  27.9620.80  13.4740.05
FH)fE 21.52+3.72  28.2+4.11 21.365.30 20.1943.94  20.06+£8.27  13.32+1.45
W3k 151.16+4.32  149.38£9.15  114.237.09 41.4440.97  57.9440.11  38.6320.62
N o 118.03+3.65  125.84£19.12 127.96-£0.72 47.37+1.88  86.1242.03  47.80+3.67
e 195.88+44.49 90.34-27.62
W 177.76 4,69 168.89£3.69  142.03+£12.11 48324248  78.4648.89  51.35+2.12
TR 148.98+24.80 148.04+21.54 128.07+13.95 45.714£3.58  74.17413.01  45.93%5.90
3k 122.8564.20 198.352.21  122.85464.20 80.9451.85  134.63%£3.91  80.9451.85
W 164.11115.47 281.0947.20  164.114115.47 160.84559.39  175.4435.10  160.84759.39
WA 327.29+126.43 232.71+58.77
WE 150.74108.54 216.33437.57 150.74108.54 99.59444.08  146.6746.42  99.59+44.08
T 145.94100.20  231.91451.58 145.9489.20 113.78£62.33  152.23+26.87 113.78+58.33
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A ORORE  E OROE
BRI BR (40 % ~100%0) o J2 T 3R Ak & A i 32 B
FEBR o 1 7E 35 Bk b - 98 5 S VAN v, T R P R
AR FE R R AR K-S IR R L bR ek
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1 3E + R A 4R B LR AE 2 CK(—0.86%0) > A,
(—34.79%)>A, (—36.46 %) > A, (—47.43%) HZE R
BE(P<0.05),7F 0—20 cm E P, 82 CK(—2.27%)
>A, (—35.52%)>A,(—37.97%) > A, (—46.59%)
HZESEE(p<<0.05),FZAEETEBEE, A, B
fbte A, R IAE X 0—20 cm J2 5 W B = T
2040 cm EHN 2, R ME LK F , 3R ki
e,
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Table 5 Statistical analysis characteristics of tested soil degradation indicators

TS ﬁ‘ﬂ)ﬁ/ é%{ éﬁ?&{ é%ﬁﬂ{ ﬁiﬁ@%{ i%&ﬂz%fﬁz Wﬁ&%{
(g+ kg™ (g+ kg™ (g+ kg™ (g+ kg™ (mg * kg™ " (mg * kg™ ") (mg -+ kg™
R 69.35 4.76 2.45 31.34 39.23 195.88 327.29
/ME 6.04 1.06 0.45 11.07 4.64 38.01 29.05
SE 1 31.53 2.72 1.36 24.86 22.66 104.86 169.07
b vz 2 17.15 1.03 0.48 4.45 7.97 51.33 91.49
TREK/ % 54.41 38.00 35.14 17.88 35.18 48.95 54.11
% i —0.25 —0.55 0.78 1.17 —0.15 —1.24 —1.14
i BE 0.50 0.33 0.74 —0.98 0.28 0.27 0.05
K-S £ 5 0.2 0.2 0.001 0.105 0.2 0.015 0.101
norm {f 2.32 2.22 1.16 1.88 1.88 2.2 2.04
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SERRL Y X b 7 WUIR o 48 bR 2 £ SE IR G
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Fig.1 Characteristics of degradation index in erosion

gullies of different development types at different

scales of Yanshou County
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Table 6 Correlation analysis on soil structure, particle size distribution and soil nutrients in erosion

gullies of different development types of Yanshou County

WH O AR 2% 2% W HEEBE O EME HRA Aws D iw Dou A ok Bk
HHLG 1

24 0.794 % 1

2 0.587° " 0461 1

2 0.562" " 0.453" " 0.361"* 1

WA 0.6367 7 04677 054077 047977 1

WA 074077 049477 0.682° 047277 061577 1

WA 056577 0.626° 0495 05457 04817 0492 1

Aws 0.160 0176 0.258* 0237 0.071  0.252°  0.291" 1

Dww 0124 0058 0137 0134  0.263° 0126 —0.039  0540°° 1

Dev  —0.044  —0.090 —0.021  —0.081 0.154  —0.098  —0.305"  0.007 0781 1

AW —0.382°—0.317" —0.305° —0.104 —0.164 —0444" * —0.284° —0.243°  0.022  0.127 1

w4 0.011  —0.055 0.080 0.130  —0.031 0.090
¥ o 0.061 0.309 0.059  —0.148 0.115  —0.002
i i 0581 0.4417°  0.407°  0.344° 0426 0.378"

0.334" —0.141  —0.119  —0.025  —0.238" 1
—0.133 0.206 0.323"  0.103 0.055  —0.758" " 1
0.302°  0.122 0.026  —0.056 0.367" " —0.736" " 0.194

T x * 78 0.01 G CUURD AHRMER 3, x 78 0.05 2450 CRUR) MR TR 3 .
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Table 7 Regression analysis of soil nutrients in erosion gullies of different development types of Yanshou County

18 Fx A IS W5 R? DW {& b Ak R L (Beta) M VIF

Rola kT —0.481 <0.001 1.459

H UL & = R 2 5 0.742 1.831 0.201 0.048 1.459
WRE2EF —0.58 <<0.001 1

RN L F —0.429 0.001 1.459
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