55 43 55 6 ] FEREMBEXRLHFR Vol.43 No.6
2025 4 11 H Agricultural Research in the Arid Areas Nov. 2025

SE S :1000-7601( 2025) 06-0238-10 doi ; 10.7606/].issn.1000-7601.2025.06.23
g #iE AR EIEI T IERER 0

vAHF A Ae £ 5 R 3k B A A

;o' %k R Emaa',E BRI W, B RA

(LAl KSR 22 B, Hl 2290 730070, 2. H il 4l Rz sh Rl A4 ARz Bz, Hl 2291 730070)

i EARAELTEFRTERESAHN AR ERE LN LERENY N, WA BT EEAEANHR
R, ZEHH(n=18) SR EH(n=28)0~20 cm + 2 FIEH &, N T 14 FENAEAR; H 3t = R0 0B & DK
FHE(MDS) , HHEEFERKSQD XA LT ERBEFHEADH IR R ENETERABEE, 2R KN . 544
B3 AR P A AT I 3 A A Y A 8.9% , K ALIRE 5 BB F K E 2 Bl D 15.7% A8 22.5% 5 3% Wk (45.4 mg -
kg!') GHEMH(382.84 mg - kg ) A BEME BMMAA(33.77T mg - kg )BT w B RFAE (22921 pS-em™ ), KA
Ae R AR A, 2T MDS 89 SQI 45 R B o7, B H 3 T2 (0.489) B F (KT ##1(0.531) , A LR L2
BORFHER, SRLIEREEEATHR, D, REKHCEHEATERREANES T SR IEHEEHRA,
BHRERBRELERETHR,

KW A E AR B LR R ER K

FES S .S158 XHEREEGA

Impact of traditional cropland conversion to Lycium barbarum
plantations on soil quality :

a case study in the major production region of Gansu Province

GUO Hao', ZHANG Qiang', TIAN Ruibin', WU Pei', FAN Xinyao', SUN Likun®, LU Yongli'
(1. College of Resources and Environment, Gansu Agricultural University, Lanzhou, Gansu 730070, China;
2. College of Animal Science and Technology, Gansu Agricultural University, Lanzhouw, Gansu 730070, China)

Abstract: To investigate the effects of traditional cropland conversion to wolfberry ( Lycium barbarum )
orchards on soil quality in the arid and semi-arid regions of Northwest China, this study selected Wuhe Town in
Jingyuan County, Gansu Province, as the study area. Soil samples (0 ~ 20 cm depth) were collected from crop-
land (n=18) and wolfberry orchards (n=28), and 14 physicochemical properties were analyzed. A minimum
dataset (MDS) was constructed using principal component analysis, and the soil quality index (SQI) was calculat-
ed. Additionally, a soil obstacle factor model was applied to diagnose key limiting factors for soil quality improve-
ment. The results showed that compared to cropland, wolfberry orchards exhibited an 8.9% increase in bulk densi-
ty, along with 15.7% and 22.5% reductions in total porosity and field capacity, respectively. Chemically, available
phosphorus (45.4 mg « kg™') and available potassium (382.84 mg - kg™') accumulated substantially, while alka-
line hydrolysis nitrogen (33.77 mg « kg™') was deficient. The electrical conductivity (229.21 uS + cm™') increased
significantly, indicating heightened salinization risk. The SQI based on MDS revealed that orchard soil quality
(0.489) was significantly lower than that of cropland (0.531) , with physical structure degradation identified as the
primary limiting factor. Consequently, prolonged overuse of chemical fertilizers and frequent human activities result
in soil physical structure degradation, surface layer salt accumulation, and diminished soil quality.

Keywords: Lycium barbarum; agricultural land use type; soil physicochemical properties; soil quality index
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Table 1  Descriptive statistics of soil physical and chemical indexes of

cultivated land and orchard land in Wuhe Town, Jingyuan County

LA LA /M A itk SRR
Soil index Land use type Minimum value Maximum value Mean+SD variation

HE/ (g om™) B Cultivated 1.27 1.45 1.35+0.05a 0.04
Bulk density PEl 3 Orchard 1.31 1.65 1.47+0.06a 0.04
3 LB % B Cultivated 50.59 81.34 64.16£8.74a 0.14
Total porosity [t Orchard 41.08 67.30 54.08+6.57b 0.12
EEFLBREE /% B Cultivated 44.96 77.69 60.21+8.93a 0.15
Capillary porosity BEl 31 Orchard 37.36 63.17 50.27£6.63a 0.13
S, % B Cultivated 2.92 6.37 3.95+0.85a 0.21
Non-capillary porosity PEl 31 Orchard 1.43 5.75 3.80+1.01a 0.27
FH i) Ak e/ % B Cultivated 37.40 61.23 47.85+7.55a 0.16
Field capacity PEl 31 Orchard 28.13 50.01 36.96+5.26b 0.14
ERK % B Cultivated 32.87 58.48 44.90£7.56a 0.17
Capillary water capacity PEl 1 Orchard 25.67 47.15 34.35+5.01b 0.15
MR % B Cultivated 37.40 61.23 47.85+7.55a 0.16
Saturated water content FEl i Orchard 28.34 50.23 36.95+5.08b 0.14
HHLB (g - ke™) B Cultivated 4.00 8.07 6.03x1.23a 0.20
Organic carbon e Hl Orchard 4.67 8.11 6.64+0.83a 0.12
B Cultivated 7.84 8.63 8.4120.18a 0.02
ol FEl 1 Orchard 7.14 8.35 7.98+0.26a 0.03
B Cultivated 130.00 315.00 185.06+52.28b 0.28

EC/(pS - em™)
FEl 1 Orchard 120.00 648.00 229.21£101.26a 0.44
SR/ (g ke ) Bt Cultivated 0.65 2.76 1.58+0.55a 0.35
Total nitrogen [ Orchard 1.45 3.46 2.51+0.48a 0.19
WA/ (mg - kg™") B Cultivated 17.75 43.05 32.47+6.8a 0.21
Alkali-hydrolyzale nitrogen PEl 31 Orchard 22.89 60.84 33.77+8.64a 0.26
AL/ (mg - kg™") B Cultivated 17.31 46.36 30.07+8.85a 0.29
Available potassium PEl 31 Orchard 15.72 89.96 45.40£19.49a 0.43
B/ (mg - kg™") B Cultivated 192.91 416.39 265.95+57.75b 0.22
Available potassium PEl 31 Orchard 206.34 509.70 382.84+87.56a 0.23

TE  ANE)/ING TR FIR [ — 3885 A [ L R 2R B 22 52 .35 (P<0.05)

Note: Different lowercase letters indicate significant differences ( P<0.05) among land use types within each measured parameter.
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Fig.1 Elevation map of Wuhe Town, Jingyuan County (A), land use map (B), and spatial distribution of sampling points (C)
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Note: BD: bulk density; TSP total soil porosity; CP: capillary porosity; NCP: non-capillary porosity; FC: field capacity;

CWC: capillary water holding capacity; SMC: saturated water holding capacity; OM: organic carbon; EC: conductivity; EN: avail-

able nitrogen; AP available phosphorus; AK: available potassium. The same below.
3 AEFESEANGTIEREHBEXESTRITRSHT

Fig.3 Correlation analysis and redundancy analysis of soil indicators with different nutrient inputs
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Table 2 Results of principal component analysis of soil indexes of cultivated land, variance, and grouping of common factors

TR bR 4> Principal component NHF T Norm {H 4yeH
Soil index 1 2 3 4 5 Communality Norm value Group
+ %5 E BD -0.631 -0.352 0.296 -0.125 -0.501 0.876 1.744 1
M Al #Ek i FC 0.992 0.077 -0.046 0.004 0.069 0.997 2.392 1
AR 8= SMC 0.992 0.077 -0.046 0.004 0.069 0.997 2.391 1
R FLBREE TSP 0.990 -0.008 0.011 -0.029 -0.052 0.984 2.383 1
EBERIKE CWC 0.994 0.009 -0.032 -0.038 0.071 0.996 2.394 1
EEILBE CP 0.984 -0.080 0.022 -0.075 -0.041 0.982 2.373 1
EEEFLBE NCP -0.157 0.758 -0.125 0.488 -0.108 0.865 1.354 2
pH 0.010 0.845 0.240 -0.283 -0.096 0.861 1.376 2
EC -0.141 -0.312 -0.808 0.006 -0.233 0.824 1.267 3
i f# A EN -0.314 -0.396 0.384 -0.359 0.630 0.929 1.339 5
F LR OM -0.410 0.259 -0.599 -0.182 0.359 0.756 1.404 3
2% TN 0.278 -0.404 0.545 0.283 -0.196 0.656 1.233 3
BT AP -0.284 0.603 0.470 0.086 0.119 0.686 1.323 2
AR AK -0.131 -0.260 0.008 0.819 0.365 0.889 1.116 4
FFEE Eigenvalue 5.790 2.346 1.843 1.263 1.057
@B Explanation/%  41.357 16.757 13.164 9.022 7.552
2R/ %

. . 41.357 58.113 71.277 80.299 87.851
Explained variation

®3 EMTEERERSSTHERRARFAEMSA

Table 3 Results of principal component analysis of soil indexes of orchard, variance, and grouping of common factors

T HEFRAR 4> Principal component NHFHE Norm {8 3R
Soil index 1 2 3 4 5 Communality Norm value Group
+He45E BD 0.977 0.004 0.042 0.072 -0.011 0.962 2.189 1
M )Rk FC 0.115 0.053 0.773 0.469 -0.040 0.835 1.033 3
ARk SMC 0.985 0.037 0.106 0.056 0.001 0.987 2.212 1
+ 4 EFLBRE TSP 0.980 -0.096 0.125 0.059 -0.055 0.992 2.208 1
EBERIKE CWC -0.163 0.805 -0.141 -0.030 0.348 0.817 1.469 2
EHILBRE CP 0.962 -0.118 -0.171 -0.129 -0.043 0.986 2.175 1
EEEFLBE NCP 0.272 0.376 -0.604 0.275 -0.092 0.665 1.180 3
pH 0.952 0.018 -0.219 -0.148 0.017 0.978 2.152 1
EC 0.020 -0.422 -0.570 0.375 0.021 0.645 1.026 3
A% A EN 0.100 0.717 0.053 0.043 -0.569 0.853 1.370 2
AHHLER OM 0.020 -0.777 -0.129 0.005 0.392 0.775 1.389 2
2% TN 0.100 -0.035 0.103 -0.839 -0.067 0.730 0.275 4
A AK 0.406 0.341 0.378 0.046 0.575 0.756 1.322 5
AW AP 0.011 -0.801 0.265 0.035 -0.337 0.826 1.442 2
FHIEAH Eigenvalue 5.018 2.874 1.656 1.196 1.062
f#FRJE Explanation/%  35.840 20.525 11.831 8.542 7.589
i B
%”ﬁﬁ”x_/ % 35.840 56.365 68.196 76.737 84.326
Explained variation
R4 RNEEEDTIEREEGHNARFAFEZRNE 0.70 [ B Cropland y=0.902+0.051x
. . . . P<0.05 RMSE=0.059 R'=0.712 F}
Table 4 Communalities and weights of soil quality 065F i Orchard  »=0.800+0.100x
indicators in the minimum data set P<0.05 RMSE=0.030 R'=0.614
0.60 |
+ H I 2SR + bR NHEFFE & A
Land use type Soil index Communality ~ Weight To0s5f
.}
BERIKE CWC 0.996 0.225 2
0.50 |
HHLER OM 0.756 0.171
biiai)
. pH 0.761 0.194 I
Cultivated — 0.45
WA EN 0.929 0.210
B AK 0.889 0.200 0.40 . . . . . .
T4 HALBRE TSP 0.987 0.168 0.45 0.50 0.55 0.60 0.65 0.70
JEEEILBRE NCP 0.817 0.139 m 55 Crool S;Jf-MliS
i EEHKE CWC 0.986 0.167 JHE Croplan [t Orchard
Orchard P o83 B4 EFRNEIRE(MDS) AR AR (TDS)
4% TN 0.665 0.113 e 4 .
A AP 0.756 0.128 TIRREIRE(S07) AKX
LA AK 0.826 0.140 Fig.4 Soil quality index (SQI) correlation based on

minimum dataset (MDS) and maximum dataset ( TDS)
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Note: * indicates statistically significant
differences at P<0.05.
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Fig.5 Soil quality index (SQI) of cultivated
land and orchard land
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Fig.6  Degree of limitation of soil quality index indicators

for cultivated land and orchard land
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