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Evaluation of the Improvement Effects of Contour Reverse—Slope
Terraces on Soil Quality in Sloping Farmland
LI Qiqi', XU Qijing', LI Yiran', WANG Zhen', HOU Lei*, WANG Li', WANG Keqin'
(1.College of Soil and Water Conservation, Southwest Forestry University, Kunming 650224, China;
2.College of Ecology and Environment, Southwest Forestry University, Kunming 650224, China)

Abstract: [ Objective] Contour Reverse-Slope Terraces (CRT) are ecological engineering measures designed to
mitigate soil and water loss on sloping farmland. This study aimed to explore and evaluate the improvement effects
of CRT on the quality of red soil on slopes, and to provide a reference for selecting suitable soil and water
conservation measures and improving soil quality in sloping farmland in the region. [Methods] Using sloping
farmland in the Yizhe watershed Songhua dam in Yunnan as the study area, 16 soil indicators were measured to
analyze the differences in soil physical, chemical, and biological properties between control (CK) and CRT-
treated sloping farmland. A minimum data set (MDS) was established to evaluate soil quality. [Results] 1) In
sloping farmland with CRT measures, the soil water content, geometric mean diameter, and total aggregates
increased by 79.30%, 11.36% and 11.43% (p<C0.05), while soil bulk density decreased by 15.09% compare to
those in sloping farmland of CK (p<C0.05) , respectively. 2) In sloping farmland with CRT measures, the soil

total nitrogen, nitrate-nitrogen, total phosphorus, and total organic carbon contents increased by 33.34%,
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112.58%, 25.86% and 66.14% (p<<0.05) compare to those in sloping farmland of CK, respectively, indicating
effective nutrient retention by CRT. 3) In sloping farmland with CRT measures, total glomalin (T-GRSP) ,
easily extractable glomalin (EE-GRSP) , leucine aminopeptidase (S-ILAP) , and -1, 4-N-acetylglucosidase .
(S-NAG) increased by 17.45%, 111.11%, 92.57% and 307.36% compare to those in sloping farmland of CK
(p<<0.05). 4) Three indicators, including high easily oxidizable carbon (H-EOC), S-NAG, and EE-GRSP,
were identified as the main indicators for soil quality evaluation in the minimum data set. The verification of total
data set suggested that the minimum data set reflected the effective information and accuracy evaluation for soil
quality. (5) Overall soil quality | was ranked as CRT>CK, with the soil quality index of CRT sloping farmland
increasing by 146.28%-266.34% (»p<<0.05), compared to that of CK. [Conclusion] CRT measures make the
soil quality of sloping farmland below the terrace better than that above the terrace, elevating the soil quality below

the terrace from a relatively low level to a high level. In conclusion, the implementation of CRT measures

significantly improves the soil quality and productivity of sloping farmland.

Keywords: sloping farmland; contour reverse-slope terrace; soil quality ; minimum data set; soil quality index
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Fig.1 Plane view of the experimental plot and schematic diagram of the contour reverse—slope terraces
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Table 1 Variation of soil physical properties of sloping farmlands under CRT measures

B oz FHARBUT R/ (grem ™™ EHOKAMRBU L % GMD A%

CK-A 1.4440.07b 10.49+0.01c 0.81£0.01c 73.10£0.03b
CRT-A 1.354+0.07c 15.05+0.01b 0.81+0.02bc 71.91£0.01b

CK-B 1.53+0.08a 14.90+0.01b 0.8340.01b 70.6640.02b
CRT-B 1.300.04c 18.81+0.01a 0.90#0.01a 78.744-0.03a
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21.80% . 5 CKAHL, M CRT J5ff NH, " - N &4
BB EREAR 24.19 % (p<<0.05),Br FH# /N 3.12% . A[H
B {7 NO, - N Jit i 43 5 2 7% 0 3% (p<<0.05) , i %
CRT G NO; - N T i 43 $0FE B B RTBY T 9 38 Jn i
JE 3 Wi 88.38% il 68.60% . 5 CK 3 #f Hb #H Lt ,
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Table 2 Variation of soil chemical properties of sloping farmlands under CRT measures

AR bR CK-A CRT-A CK-B CRT-B
TP/(g-kg 0.284-0.01c 0.324-0.01b 0.294-0.01c 0.35+0.01a
TN/(g-kg D 0.634-0.05¢ 0.744-0.04b 0.704-0.02b 0.84-+0.02a
NH," - N/(mg-kg D 11.064+0.90a 8.404-0.54b 8.134-0.28b 8.38-0.09b
NO, - N/(mg-kg D 12.5940.09d 23.72+1.16b 15.8740.70¢ 26.76+0.58a
TOC/(g-kg V) 9.1340.53d 13.08+1.07b 10.40=40.47¢ 15.1640.37a
L-EOC/(g-kg D 12.3440.78b 10.09+0.44c¢ 12.66+0.51b 14.30+0.89a
M-EOC/(g kg™ 5.04740.44d 6.864-0.13b 6.32-0.35¢ 8.5340.33a
H-EOC/(g-kg™" 3.624-0.16b 3.984-0.16b 3.83+0.27b 5.98+0.54a

s AT A [R)/INE Bk R R R [ B 6 1] 22 5 4 3% (p<<0. 05)
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Table 3 Variation of soil biological properties of sloping farmlands under CRT measures

[Sgva T-GRSP/(mg-g ')  EE-GRSP/(mg-g ") S-NAG/(pmol-d '-g'"  S-LAP/(nmol-min '-g D
CK-A 0.2640.01b 0.14+0.01c 0.94-+0.01d 1.68+0.01d
CRT-A 0.2840.01b 0.23+0.01b 1.474+0.01b 2.64+0.26¢c
CK-B 0.2840.01b 0.2340.01b 1.1140.04c 3.81+0.30b
CRT-B 0.31+0.03a 0.2940.01a 1.8140.02a 6.86-+0.44a
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Table 4 Principal component analysis of soil evaluation

indicators under CRT measures

Ei=R AT 44 Norm
PC1 PC2 PC3
S-NAG 0.921  0.324 0.180 1 2.60
TP 0.914  0.274  0.103 1 2.54
TOC 0.910  0.253 0.215 1 2.54
+HABURE  —0.864  0.051  0.345 1 2.41
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TN 0.793 0418  0.274 1 2.36
HOKMABSS S 0700 0.487  0.427 1 2.26
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GMD 0.543  0.733  0.112 1 2.12
H-EOC 0.712  0.649 —0.022 2 2.35
L-EOC —0.015 0954 —0.148 2 1.99
A, 0.488  0.660 —0.352 2 1.99
EE-GRSP 0.658  0.489  0.552 3 2.24
NO, -N —0.090 —0.280  0.929 3 1.66
NH," - N —0.390 —0.156 —0.859 3 1.80
LEROR(N 7.313  4.296  2.740
Tk H/ % 45.709 26.851 17.126
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24 ETR/NHEENTEREEMN

P& 3] AT, CK B #F b By 1 BT R 3 MDS i
T SQI 494 0.14 F110.37, CRT 3 #f by 1
By R 3 F MDS B it 5 89 SQI 4351 24 0.50 F10.92, 3

http. // stbexb.alljournal.com.cn



3

AR A A R S X O A S TR B9 A R BCRAT 357

TR T L TR L SRk A % CRT 5
g T R ROCR W L SQT#EAT 43 R (0<<
SSI<<0.2) . 8 K (0.2<CSSI<0.4) | 1 (0.4<<SSI<
0.6) B 75 (0.6<CSSI<<0.8) .75 (0.8<CSSI<C1), %
W, CRT S Mt 4 i it 5 T CK 3 #f b, H CRT
T 35 B Tl B - 0 B T A 9 5 43 0l BB AR R AR KO
W R A R R KT

LB =
iﬂ%g [ 0.81-0.84-0.85-0.870.43 | 0.32 ~0.93-0.90-0.46-0.88-0.91-0.78-0.75-0.91-0.82) 10
7“1@;('; @11 093072 098 084014 096 097 047 0.99 092 0.94 099 097 096 08
GMD| @ @ GMD 088 0.94-0.63-0.170.92/091 0.73 0.95 0.98 091 0.91 093 0.99
4|@ @ @ 4 076 -025-0560.80 0.75 0.82 0.77 0.92 0.75 0.65 0.79 0.84 0.6
™N@ @ @ @ 1~ 077004099 099 048 099 095 0.95 0.97 099 0.96 o
SR . ® %5@*0.65*0.70*0.76%).07*0.78*0.57*0.75*0.89*0.74*0.71
HER ® @i52-0.06 0.03-0.56 0.04 -0.25 0.03 0.23-0.01-0.07] 0.2
i Y T XX X TP 100 0.46 0.99 0.96 0.92 0.93 1.00 0.94
P @O®O®O®O® @ roc o409 094092 09 100094 0
LEC| @ 0 @ @ © ® o L-EOC 0.49 0.68 0.50 0.42 0.46 0.68 ~02
M-EoC| @ . . ) . ® . ’ @M-EOC 0.95 0.94 0.97 0.99 0.97
HCO P OODOO® e ® ® ® @roco 055 096 097 04
TP OO OO O ®® 0 ® Orcrsro3 094 094 06
exr @ @O ©® O O T X ) ® ® @:=crsross oss
SYCl X X ICX X X I X X X Ve 0.8
s-1ap| @ ® ® . . ® . S-LAP Lo
@%@5‘%@9 R ity
N $

1 :GMD R U P35 AR A B R IR S TN 4 %0 TP b 4
% ; TOC Ry A HLAKk ; L-EOC M AL 1 5 S AL A7 HLEs s M-
EOC Jy il 4 5 S A A Bl s H-EOC Sy i 16 1 2 Ak A7 AL
fif s T-GRSP 2 SR 9 5 % L MM G 1 ; EE-GRSP b &)
PEHCER 85 3 B SCHH H  S-NAG 2 8-1,4-N- 2 Bh A 45
WEF I 5 S-LAP g 58 SR 2 IR ; + %% p<<0. 05,

2 TEREERBEXESW
Fig. 2 Correlation analysis of soil quality indicators
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