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Soil quality evaluation for different forest plantation of sandy land in Yinchuan
Plain, Ningxia
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Abstract: Sandy land has poor soil and low productivity. Artificial vegetation restoration is an important measure for
improving soil fertility and quality. Xanthoceras sorbifolium and Cerasus humilis are excellent drought—resistantly ecological
tree species in Northwest, China. The effects of Xanthoceras sorbifolium and Cerasus humilis plantation, which were
artificially cultivated in March 2017, had been evaluated in the sandy land of Yinchuan Plain, Ningxia, China, the

neighboring long —term abandoned land as the contrast. Twenty soil physical, chemical and biological indicators were

BE&WH . 7 HEE AL RIS H (2020BBF02027,2018ZWYQ0066) 5 F i XA BHE A F01%7 & BURHE €1# 51 75 H (NKYG- 18-04)
I FE B #8.2021-03-18; ™ & H KR B #A . 2022-10- 13
# WIRAE# Corresponding author. E-mail ; nxwzhj@ 163.com

http ://www.ecologica.cn



1516 xR 43 4

measured as the soil quality evaluation indicators of the total data set (TDS) in July to August 2020. Nine indicators were
selected as soil quality evaluation indicators of significant data set ( SDS) by variance difference significance analysis
(ANOVA). The minimum data set (MDS) was constructed by principal component analysis (PCA) and the Norm value.
Soil quality index (SQI') was calculated using linear (L) and non-—linear ( NL) scoring methods. The research results
showed that the soil physical, chemical and biological properties of the Xanthoceras sorbifolium and Cerasus humilis
plantation in the sandy soil restoration area of Yinchuan Plain were improved, comparing with the long-term abandoned
land. The percentage of soil sand percentage ( Sand) decreased, but the percentage of soil silt (Silt) and clay ( Clay)
increased, the pH decreased. The main soil nutrient indicators such as soil organic matter (TOC) , total nitrogen (TN),
total phosphorus (TP) and total potassium ( TK) were improved, and the activities of major biological enzymes such as
sucrase (SA), urease (UA) cellulase (CEA) and alkaline phosphatase ( PPA) were also higher than CK. The MDS
indicators for soil quality evaluation in the study area were Silt and total phosphorus ( TP ). Under the two evaluation
methods, the soil quality indexes (SQIs) of the plantation of Xanthoceras sorbifolium and Cerasus humilis restored forest
land were higher than the abandoned land, but the increase was not significant ( P>0.05), and the soil quality index
(SQI) of the Cerasus humilis forestland planted for 4a was higher than Xanthoceras sorbifolium forestland planted for 4 a
(P>0.05). Compared with abandoned land, Xanthoceras sorbifolium and Cerasus humilis plantation can be cultivated and
used as ecological restoration shrubs for soil improvement in this research area.There was significant ( P<0.05) or extremely
significant (P<0.01) correlation between the SQI calculated based on different data sets, the correlation coefficient between
SQI-NLM and SQI-NLS was the largest. The nonlinear soil quality evaluation method based on MDS has better applicability
in the study area and can represent the characteristics of soil quality more accurately. The soil quality evaluation method can
be used as a reference for evaluating of sandy soil use quality in Yinchuan Plain, and for providing the reference of
cultivation and management of Xanthoceras sorbifolium and Cerasus humilis plantation and the restoration of artificial

vegetation in this area.

Key Words: sandy land; plantation; minimum data set; evaluation indicators; soil quality; principal component analysis
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o, BNV oA, 8T T BV AR A X, RARFE A TR B R, W 1115 m, J& R A IR AT K i e S
fige Bk H BB TR, 28 ki K AR 45%—66% , AEXRF K i 180 mm , Kb/ FK e 7—9 A, Wb
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Table 1 Information of sample plots

et s Canopy/cm

R 2R Wk e TEMRAEIR HRP B/ %

Sample type Species Height /cm Planting age/a AR Fa-t Canopy density
East-West South-North

VAN 5k

PIRAAS R e 150.32 4 46.43 53.23 30.54

Dungarunga forest Xanthoceras sorbifolium

TEA MR HL &z

Shrub forest Cerasus humilis 80.39 4 65.64 62.19 70.48

PR

Abandoned land

EHESK R FIHE T, A EALBREE R ER U3 pH SR ADK LG 151 dARIE  EC R AT S5,
URLZH IR F B 7K SCHOGRLEE 23 B . A HLBTCR A K, Cr, O, 28 i1, 2R UL IR E A%, 20k ] NaOH
- PR IT L (05 , B0 R AT NaOH ¢ Rl i U 7 , AR T NaOH. Bt 35 | AR HT NaHCO, 12 42-$H 846
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W Bk W TR M (P<0.05) , RKZE ML By RL B 43 Eb g5 i, 0 R A L R AIG, 43 0 13.34% A
72.83% ,FRLE 53 HOm & T SO AR (H 22 AN B2 (P>0.05) o WA R SCEESR ) pHL (B 18 351K T-4%
FeHh (P<0.05) , HL SR AH fz , 24 8 2% 7 THE i (P<0.05) , B SC7RE 5 b FI R 25 b 22 6] 22 % K i 2 (P>
0.05) ., AHLET 2R 2 MG EERM e, BT SO R HIEA VLR 51552 5 A8 B E (P>
0.05) , AT R RRZ RN SOt SR b 34 B 28 55 T8 i (P<0.05) o B A AHAZA EAHE s A & 12 (]
ZRAREE(P>0.05) . WAEYIBHE RS bR E | BR2S M  HE  i0 IRBETG 1 | B ol 1 3% R ER 3% A
LT U Z WGP e (0 G 27 4 B PR 3 T S OE SR AR S L (P<0.05)

W T 20T, e RERAE (TDS) 19 20 /N8R Rk B BT 1 35 22 5% (P<0.05) 38 bR A & 7K i
PR WRL AL pH R AP 2R 2 20 AR 114>, HR O RE LR 2R A e i
JERE N RRUET) R S 2B = 100% A i EE ABURK  100%—40% v BE UG 409%—10% A% B fURK 728 S5 2R 8L
< 10% 0 AU, A I T APk LB pH {4 MEFRE 5 R BN, BIASBUR NS B ARCK 1 i
TEM bR, IR BURRR B i 05 7 22 A & e ATk 1 5 /K a2 R Bk R SR AL &AL &
W AT LT O MR FRIEA L3 R PN B RWELE SDS,

K2 TEEREEECHYELRERZE)

Table 2 Statistical characteristic value of soil indicators ( Mean+SD)

TEAM b INTRAH D U
febR Shrub forest Dungarunga forest P ’y:#/%ﬁ( TR E
Indicators Rz SR Abandoned land Coe.ffl(.:lent of Sensitivity
variation/ %
Cerasus humilis ~ Xanthoceras sorbifolia

Fkit WC/% 13.73£2.42a 14.08+1.08a 2.86+0.41b 59.89 h
A BD/(g/cm?) 1.43+0.05a 1.36+0.03a 1.39+0.03a 5.36 AR
Hbki Sand/ % 72.83+1.76¢ 78.23+1.22b 90.77+0.86a 9.97 AR
Wk Silt/ % 13.34+1.48a 9.65+0.94b 3.87+0.61c¢ 50.48 LY
Bk Clay/ % 13.83%1.11a 12.12+0.67a 5.36+0.68¢ 36.67 i
RALBRIEE STP/ % 46.20+1.93a 48.89+1.12a 47.45+0.92a 5.83 AR
pH 8.30+0.05b 8.41+0.06b 8.68+0.04a 2.62 AU
B 5R EC/(mS/cem?) 91.704.43a 90.18+5.81a 51.70+7.02b 29.05 i

F L TOC/ (g/kg) 22.50+1.22a 16.54+1.15b 13.44£2.25b 30.40 1%
2% TN/ (g/kg) 0.70+0.07a 0.61+0.08a 0.28+0.05b 47.55 el
25 TP/ (g/kg) 0.75+0.03a 0.71x0.04a 0.48+0.03b 22.35 ik
4287 TK/ (g/kg) 0.35+0.02a 0.21+0.01b 0.11x0.01¢ 41.64 EE
75 Ammonia N/ ( mg/kg) 4.61+0.31a 5.24+0.63a 4.54+0.36a 24.34 1%
A% Nitrate N/ (mg/kg) 2.36+0.41a 1.82+0.40a 2.82+0.61a 59.64 2l
MR AP/ (mg/kg) 6.5420.17a 6.98+0.22a 7.35+0.92a 17.33 i
AL AK/ (mg/kg) 201.25+11.41a 265.83+43.58a 240.00+36.88a 47.05 wh
KA UA/ (mg/g) 4.89+0.82a 2.85+0.60a 3.55+0.33a 56.05 h
TPERERRRE PPA/ (mg/g) 2.19+0.21a 1.59+0.45a 1.72+0.26a 35.66 ik
HEREAG SA/ (mg/g) 2.89+0.28a 2.74+0.24a 2.55+0.23a 18.14 i
FUE R CEA/ (mg/g) 1.53£0.02a 1.15+0.12b 0.94+0.10b 23.58 ik

WC: Soil water content; BD: Bulk density; EC: Soil electric conductivity ; STP; Total soil porosity; #0%7: Sand Percentage of soil sand; #3347 . Silt
Percentage of soil silt; 4% : Clay Percentage of soil clay;TOC: Organic matter; TN Total nitrogen; TP Total phosphorus; TK: Total potassium; £%7%
%&.: Ammonia N; AiSZ%: Nitrate N;AP; Available phosphorus; AK: Available potassium; UA: Urease activity; PPA; Phosphatase activity; SA Sucrase
activity; CEA; Cellulase activity; UNGUNEESSS TN E S0y & (P<0.05)

22 LIRS bR N ER R

REFFHEH) SDS 1) 9 AHEHRIETT ST FRASIERTR T 1 B9y SRR SLARRTIIA SR A0 Jr %
SR 77.559% BTN S0 FERE T R AT b DI KA Norm I8
AR MDS D667 - Aot R 2k Bk KPR AT (3 3) , FREALAROGHESMT (3 4) 10, 55— LA — 41
o R G B AP A% AL Norm (LK 408 BRI MDS 4547
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*3 FHERZFEEF Norm B

Table 3 Load matrix and Norm value of each indicator

1545 Indicators PCl PC2 4341 Grouping Norm /NS MDS
2R EC 0.849 -0.081 1 1.073

4T TP 0.833 0.385 1 1.212 £
Fhki Clay 0.824 0.393 1 1.206

Tk WC 0.779 0.397 1 1.153

2% TN 0.738 0.305 1 1.055

AHHLET TOC -0.031 0.834 2 0.472

YR Silt 0.604 0.745 2 1.121 s
441 TK 0.562 0.713 2 1.054

R4 F i CEA 0.539 0.664 2 1.000

FEAE{E Eigenvalue 5.896 1.084 - - -
J7 2 BTk Variance contribution rate/% 65.517 12.043 - - -
Z4F kR Cumulative contribution rate/% 65.517 77.559 - - -

MDS: f/NEHEAE Minimum data set

F4 TERESTFNIERERXRBUER

Table 4 Correlation coefficient matrix of soil quality evaluation indicators

oK KR Fhokr AT Eoe X gxil LR YL CERS S
wC Silt Clay TOC TN TP TK CEA EC
FKE We 1.000
kL Silt 0.778 ** 1.000
HikL Clay 0.795 ** 0.762 ** 1.000
HHLFE TOC 0.322 0.529 0.251 1.000
4% TN 0.461 0.592 0.727" 0.344 1.000
AT TP 0.800 " 0.877** 0.796 ** 0.200 0.670" 1.000
44 TK 0.706 * 0.869 ** 0.783 ** 0.507 0.584 0.688 * 1.000
PR CEA 0.643* 0.817** 0.677" 0.372 0.620* 0.737 ** 0.720" 1.000
M3 EC 0.653 " 0.399 0.564 0.153 0.649 " 0.569 0.411 0.281 1.000

# % P<0.01; * P<0.05

2.3 BT R/NBARE R LRV

R4 PCA S5 814 M EHR R AR AR 7 22 B AR PR ACE (R 5) . B R, 245
(2) . (3) ,ARLMEVE/ AL A5 (4) , 43 544 TDS (SDS \MDS bRl 0—1 Z A 50, Hrh, 3% pH
L AR R VR S AR S T 48 % R 0 FE B A B D B A R R B, AR T
ARFRPRY R L) R IR IR AEAR , PR G R 2 M B pR B, THE R AR PR AR IRIE A (S)
BOEIH R T A BT SQL,

TDS 1 SQI 7157745 4 . SQI-LT 5% SQI-NLT = 1% 7K 1 x0.053 + ki x0.054 + #5347 0.053 + Fli K2 X 0.053 +pH x
0.041+H1 5% x0.053+74 LT x0.042+4Zx0.045 + 4 x0.047 + 24 x0.049+ 2T 4 Z il x 0,048+ 2L X 0.052 +
R %0.051 +5 A5 A% 0.048+ Al A5 A % 0.053 + S FL B BE x0.055 + 25 T x0.055 + IR il x 0.053 + FEBE il x 0.045 + 5,
PEWEIREX0.050

SDS 1) SQI HH 7 4 - SQI-LS 5% SQI-NLS = % 7K 1 0. 110+ K3 K7 x 0. 132+FH 41 0. 120+ HL F: % 0. 104 +4
HLFX0. 100+ E(x0.091 + 25 x0. 121 + 281 x0. 11 8+2F 4 Z fitf x0.105

MDS f4 SQI 15751 4 : SQI-LM 5 SQI-NLM = #34ix0.500+ 4> x0.500,
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x5 TEREFNEHESERNERE

Table 5 Weight value of each data set of soil quality evaluation

ek BHHELE TDS BRI SDS e/ NEEEE MDS

Indicators UNRETE= & ANHEFI 2% & N RIE &
Communality Weight Communality Weight Communality Weight

K WC 0.952 0.053 0.765 0.110

L Sand 0.964 0.054

Wk Silt 0.945 0.053 0.920 0.132 0.834 0.500

FhkL Clay 0.940 0.053 0.835 0.120

pH 0.730 0.041

2R EC 0.957 0.053 0.728 0.104

AL TOC 0.752 0.042 0.697 0.100

2% TN 0.809 0.045 0.638 0.091

S TP 0.843 0.047 0.842 0.121 0.834 0.500

441 TK 0.875 0.049 0.825 0.118

LYK CEA 0.853 0.048 0.731 0.105

BAE AP 0.930 0.052

BB AK 0.917 0.051

A%, Ammonia N 0.851 0.048

A Nitrate N 0.957 0.053

SFLBRRE STP 0.988 0.055

7 BD 0.985 0.055

WxME UA 0.941 0.053

HEREE SA 0.809 0.045

B FR B PPA 0.893 0.050

TDS. BSEIEEE Total data set; SDS; R4 Significant data set; MDS; e /NEESE Minimum data set

A 1 AT, 36T TDS . SDS \MDS =8 4 i £k e A AR 2R 43 45 B O AS [R] AR b 2R 7R SQI 22 5% R

B P
AL [

0.6 0GR o RREEHRH O e
0.5+

5 -
E a a .“jl' a
z o4y i .&E , :
g IR EN -
% 03| NN :
’ o i 1 i
ﬁ i |I \\III o
= AN EN :
02 r o 1 1 =
£ NEN :
Tl NN ;
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3H 34 34 3H

s & & 5

b P 5 &
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A3 5 B PR J7 : Soil quality evaluation methods

E1 AE#MER T IERERE
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Table 6 Correlation of different SQI under two scoring methods

SQI-NLT SQI-LT SQI-NLS SQI-LS SQI-NLM SQI-LM
SQI-NLT 1.000
SQI-LT 0.710* 1.000
SQI-NLS 0.589"* 0.526* 1.000
SQI-LS 0.537"* 0.478* 0.756 ** 1.000
SQI-NLM 0.403* 0.432* 0.688 ** 0.476 1.000
SQI-LM 0.435" 0.507 ** 0.460 * 0.488 ** 0.719** 1.00

SQI-NLT . B4 A4 M Non-linear scoring-total data set; SQI-LT: A (PG LM Linear scoring-total data set; SQI-NLS; 5 Z i 4L A 2 1tk
Non-linear scoring-significant data set;SQI-LS: BB LN Linear scoring-significant data set; SQI-NLM e/ NE R AR E 26 P Non-linear scoring-
minimum data set; SQI-LM; s /NSRS Linear scoring-minimum data set
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