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Effects of Different Vegetation Types on Soil Quality in the Central Loess
Plateau and the Key Driving Factors
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Center, Tianshui, Gansu Province 741000, China; 3. Science Pratacultural College, Gansu Agricultural University, Lanzhou, Gansu Province
730070, China; 4. State Key Laboratory of Aridland Crop Science, Gansu Agricultural University, Lanzhou, Gansu Province 730070, China;

5. Gansu Institute of Soil and Water Conservation Science, Lanzhou, Gansu Province 730070, China)

Abstract: Clarifying the effects of different vegetation types on soil quality is of great significance for maintain-
ing ecological stability in the hilly-gully region of the Loess Plateau. This study was conducted in the Anjiapo
watershed, Dingxi City, Gansu Province as an example. Five vegetation types were selected, including spruce
forestland, sea-buckthorn forestland, alfalfa grassland, wheat cropland and abandoned bare land. A total of 18
soil indicators were measured in the 0-20 cm soil layer. Soil quality indices were calculated based on the total
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data set, minimum data set, and revised minimum data set, combined with linear and non-linear scoring meth-
ods. The results showed that spruce forestland had the highest SQI of 0. 53, which was 35. 9% higher than that
of abandoned bare land. The revised minimum data set combined with the linear scoring model (SQI-LLRM)
exhibited the strongest explanatory power. Partial least squares structural equation modeling revealed that differ-
ent vegetation types primarily affected soil biological properties through their influence on soil chemical proper-
ties. Random forest combined with multiple linear regression analysis revealed that different vegetation types
mainly drove soil quality by regulating soil pH, which in turn influenced protease activity. In conclusion, spruce
forestland can significantly improve soil quality, and the SQI-LRM model can provide a quantitative basis for
soil quality improvement and sustainable ecosystem development in the study area.

Key words: Loess Plateau; Different vegetation types; Revised minimum dataset; Soil quality assessment; Scor-
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Table 1 Basic information of the sample plot
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Uik b T AR Coiijge/ 3= £} 3 i A AL
Vegetation Area size % Height  Latitude Area size Dominant species Management history
PA 20mxX20m  79.46 7.11m 35°35'10"N 104°37'7"E Picea asperata, Bupleurum chi- 2002 4F- i 1 52 it “ 38 B 38 MR8 B T8 7P
nense, Gentiana macrophylla, 0z ¥ KU, 05 A R BUEAT 3 — 45
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Leontopodium leontopodioides, 5 U0 FHE D\ , & A7 SR BUAT: fuf ik — 25 48
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Leymus secalinus, Artemisia I Fl 35, UG J5 A R WG — 22488 L4 i
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Table 2 The differences of soil properties in different vegetation types.

Bk =R IR EECE ) PRI N ANOVA BIR 5 2253

Indicators PA HR MS AL WF F{4 F value P{H P value
AEBD/(grem ) 1.164+0.01°  1.174+0.01™  1.18+0.01" 1.174£0.01"  1.1940.01° 9.51 0.002
LI SP/ % 56.08+0.14* 55.76+0.22" 55.68+0.26"  55.9940.17" 55.19+0.17 9.51 0.002
FKESWC/ % 19.42-+1.34* 12.69+0.93" 13.41+1.28" 11.32+0.28“ 9.75+0.33" 45.40 0.000
pH {& 7.2240.02°  7.40+0.03"  7.6340.04° 7.7140.01"  7.9440.01"  369.69 0.000
F LK SOC/ (g-kg 1) 11.82+0.49*  10.26+0.56" 9.2241.09" 6.5940.21°  6.06+0.03° 49.90 0.000
SR TN/ (g kg™ 0.66+0.02"  0.61+0.01° 0.814+0.02° 0.56+0.01  0.62+0.01° 92.51 0.000
AWETP (g-kg™ 0.41+0.03*  0.41+0.01*  0.43+0.04* 0.42+0.02*  0.39+0.03" 1.35 0.319
i AANO, -N/ (mg-kg ™) 22.1642.36° 21.4041.32° 23.02£1.20" 25.5742.12" 29.08+0.17" 11.03 0.001
A NH, -N/ (mg-kg 1) 15.29+0.60° 13.53+0.21"  11.36+0.19°  11.20+0.27° 15.84+0.26*  118.23 0.000
A PEATHLIE DOC/ (g-kg ) 0.75+0.02*  0.68+0.02"  0.56+0.01 0.6140.02°  0.4840.01°  108.76 0.000
AEEEZA DTN/ (mg kg ") 107.78+3.06" 87.03+0.65°  91.39+2.20"  86.78+1.39° 93.16+0.36" 66.30 0.000
AEEAHLADON/ (mg-kg ) 70.33+1.98" 52.10+0.78°  57.024+1.11"  50.01+1.49 48.25+0.53"  143.96 0.000
WOEY R MBC/ (mg-kg™!)  462.7248.14* 369.46+25.21" 338.53+10.72° 296.37+8.40° 256.49+9.28° 95.16 0.000
e R MBN/ (mg-kg 1) 52.861.56" 45.03%£2.70"  40.2141.53°  33.40+2.64" 34.68+1.42¢ 45.33 0.000
Ik # URE/ (mg-g~'-d™ ") 1.1740.02"  1.3940.06 1.2640.09" 1.0440.05¢  1.2340.05" 15.60 0.000
HHEPRO/ (mg-g'+d™h) 9.53+0.07"  6.90+0.08" 7.77+0.09° 6.35+0.07"  5.91+0.32°  240.08 0.000
fil§ W 3 5Ll NR/ (pg-g '+d ™) 5.4640.07"  5.4740.27° 4.8940.01° 5.134£0.41"  5.3340.18" 3.20 0.062
AR 8 UG NIR/ (mg-g~'+d™ ) 0.5540.01°  0.61+0.02*  0.55+0.01° 0.60+0.02"  0.63+0.01 17.34 0.000

AR B AR E 2 7R # R Duncan 2 1 4L

SR AR TR R AE P<20. 057K 225 W 3 o AR ] 3 BE R 22 5 A Wik 3

Note: Different lowercase letters indicate significant differences among treatments based on Duncan’s multiple range test at P<<0.05. The

same letter indicates no significant difference
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WML, B & B MBC ¥EA MDS. % — 4,
NH, -N i Norm {i ¢ &5 (1. 53) ,NR AL F H: 10% 1Y
TR, 3 AR D, R B NH, N,
B SRS U AL E URE AL TN, PRI 1 B
ABECES,

e 48 € MBC  NH, "
3. MDS W0 FE b .

S35 B AR R YR AR AT L 3T
Yy ELAE bR ACER LS RRAEAE R T 1A FE 0, R
Uy 22 5Tk R R 93.13% , Ho i SP.BD Al SWC 11
H T30 fr B 46 X =0, 5. fb2F 48 An b S 13 4k
TEAE KT 1A 4y, Bl 22 51k R N 87.56 %,
HApH.SOC.DON.DOC NO, -N.DTN NH, -N,
TP A TN B KT 2% far (9 46 %5 =0. 5. £ ¥ 1R b
o SR 2 AN R AR R T 189 Ay, B TR R GK
h 81.82% , H: v MBC, PRO, MBN, NIR, NR 1
URE [HF# faf 48 X {5 =0. 5(F 4)

MR AE MDS i 8 J52 0], 2% #% Norm (B AL T 5% =
10 %6 Y6 Bl N A48 B, BE S 43 7 L AH OCPE (BT DD I &
i€ SP .pH .NH, -N . TN .PRO #l NR /£ RMDS
SR (R D,

-N.URE #1 TN {§ N 2

2.3 TEREEH

K FH R M R AR 2k M BF 43 95 4 B 1T B TDS.
MDS F1 RMDS # - 3 35 5 19 35 Jg 2, DA 3K 45 46
FRIFE5r o X MDS #E47 32 5043 43 #r L DA 3 A% 46
WA T 7 22, R R I TS A HE AR AL . 25 T 43 il
SR 2Rk AR AR L Oy B S RO T R AR 1
A L (F5).
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Sy BERL Y SQI ¥ R B B 19 F A M CV
(10.39%~17.86%) , B {& m T 9F 2 14 3 4 A 2L
(6.09%~10.84%) o & B H 0 M 7 4k Ze 1
SQI. HHICHE T Hrafi SRR W], /S Fl SQIARAY 2 [] 14 2
i 3 E A (A 3), H RMDS H MDS Eﬁ%%’ﬁdxc
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Table 3 Results of principal component analysis of the mini-

mum data set

JE kR F2 153 41 (Principal component) fiz /N 42 (MDS)
Indicators  PC1 pPC2 PC3 PC4 COM Norm Group

MBC 0.97  0.09 —0.11 —0.04 0.96 3.15 1
PRO 0.96 —0.08 0.20 0.04 0.98 3.13 1
SWC 0.96 005 0.18 —0.08 0.95 3.10 1
DON 0.94 002 030 0.0l 0.97 3.06 1
MBN 093 0.26 —0.15 0.13 0.98 3.06 1
SOC 093 002 —0.23 016 0.94 3.03 1
pH —0.93 —0.07 0.30 0.11 0.97 3.03 1
SP —0.91 0.08 —0.10 0.06 0.85 2095 1
BD 091 —0.08 0.10 —0.06 0.85 2.95 1
DOC 0.83 0.13 —0.34 —0.35 0.95 2.74 1
NIR —0.73  0.55 —0.23 —0.01 0.89 2.56 1
DTN 072 0.37 056 0.06 0.98 2.52 1

NO,”—N —0.72 0.34 048 —0.02 0.87 248 1

NH4 —N 019 0.84 025 0.22 084 1.53 2
NR 024 079 —0.24 —0.20 0.96 1.46 2
TP 0.22 —0.68 —0.18 —0.30 0.64 135 2
URE 011 020 —0.61 073 0.96 0.93 3
TN 0.34 —0.54 026 069 095 145 4
FEAEAE 10.46 269 167 1.38

Eigenvalue

JEC%)  58.12 14.96  9.28  7.72

Variance

TE:PC, EM 5 s COM, 2 577 22 5 Group, M4l 5 ir A L
HEAR AR E R TR 1P A AR ] L8R

Note: PC, principal component; COM, communality; Group,
principal component group. All soil indicators are expressed in the

same units as shown in Table 1.
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= Y MR M (0. 45) > 5 & FL ML (0. 44) > /N7
(0.43) >R FE W H#0. (0. 39) , = AZ PR HE 9 SQI B &
Tl A B2 B (P<<0. 001) . Vb AR b L B 75 2 b
RN 22 ) 26 S AN 1 25 (0 =35 B 38 8 T8 O
Wi, AP TR N W R A AR VD AR T
o RO RN /N FE LB SQI 4r B4R R T 35.9%,
15.4% .12. 8% 1 10. 3% , & W A 9 1k & 75 vl 3% F
53 X A 1 5 i LA R VE T, e s A b
RO e

2.6 AEEHEEMNTHEELERMTEREW
X&

Sy E— 25 B AN [ A 2 T A 4 O A Y O
SALH, A 5T % ) PLS-PM 4347 + # F1) F 5 =8 %

- 4 AR M T SQI Y RZ I AR R R A R
4 (GOF=0.876) , i W] H fE % % 4 Hb i B SQI Y
(K4,

S5 R (B da) A B 27 X SQI Y B 32 5% i)
AN N (ELXF - S B TR Ak 2 M T B
(4 B 1) 1 o Herp, AS Tl A g 26 A8 32 2 3 0 i s+
Ak 2 M T SQI ™ Az ] 2 1F ] 5% i), 4 18 4y 34 1
J5 5 4k 2V B 22 18] A A 25 OE A 56, 4 B xR
Vv AT 03 O VR T Ak S TG A 4 I
TF 1) 1 FH T 5 LA R B 2 R AR M R Y B
PR 35 (H A Wk o % SQIAY 1 322 B 4 R0
ik 0.939, H H S0 7 e A BB b e K, R W [A]
il 28 A0 o SR 3 A R ) = B8 A 2 5 U T R
AR, B AR SQI. A AT i B SQIAE 5+ 1
93% , B HAUA ROR B AT .

SVRONE A3 i 25 B E— 20 R B Ab) | At
X SQU Y BT IR UK 2 9 1 0, i 4y 33 5 ) B 50
FHXT 255 o
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338 5 R 1% 56 B S Bk (R 5a) , Hovh pH A 76 4% 1k 22 1
SR RS B (SQD I STk ok . Z otk
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Table 4 Results of principal component analysis of the revised minimum data set.

F2 43 (Principal componentO 8 1E Ji7 1Y fe /N £E (Revised minimum dataset)

Incf:z;fors ) FE Physical fk2# Chemical ) Biological
PCl1 COM Norm Group PCI pPC2 PC3  COM Norm Group PCI1 PC2 COM Norm Group
SP —0.98 0.97 1.65 1
BD 0.98 0.97 1.65 1
SWC 0.93 0.86 1.55 1
pH —0.96 0.06 0.22  0.97 2.08 1
SOC 0.96 —0.04 0.02  0.92 2.06 1
DON 0.91 0.19 0.25 0.93 2.00 1
DOC 0.88 —0.06 —0.44 0.96 1.96 1
NO; -N —0.77 0.46 0.16  0.83 1.79 1
DTN 0.67 0.60 0.31  0.90 1.71 1
NH, -N 0.16 0.88 —0.04 0.80 1.31 2
TP 0.19 —0.77 0.10  0.63 1.17 2
TN 0.29 —0.27 0.88 0.93 1.21 3
MBC 0.96 0.02  0.93 1.79 1
PRO 0.96 —0.23 0.98 1.81 1
MBN 0.96 0.25 0.98 1.80 1
NIR —0.73 0.56  0.84 1.51 1
NR 0.31 0.74  0.65 1.07 2
URE 0.19 0.71 0.54 0.93 2
FFALAF 2.79 463 205 121 344 147
Eigenvalue
i 2% 93.13 51.38  22.72 13.45 57.3 24.52
Variance/ %
T AT S bR B R 3R 1 b i A [R] 54 R
Note: All soil indicators are expressed in the same units as shown in Table 1
(a) BD -1.00 055.-0.1‘8-0.,"5-0.35-0.32--0.66-0.21 '0.'-'9 045|034 | 032|068 | 0.00 | 0.86 0.20’-0.'.‘4‘ (b) - % s
-(lEﬂxﬂ?ﬂ‘-ﬂ.78--‘3.34.-0.32‘0l3’-‘ '-Dﬁl ’-0..78)-0,64 -0.83[-0.82[-0.68| 0.01 [0 85 -019( 073 % z
D31 | 096 | 094 [07% (007 095 030 067 (@
% P P P P OOO \
ass [ s [t [ | wse [ 21 | aen N i
L\X\\‘\(// ‘ - &
ass 02 s o osslossfovlozmfaras Doy ‘\\‘ !‘:“‘\\‘ 5 ] = —-,-;/7
No- N AN
NH,"-N | . 35 038|025 18 | 00w 022 | 22 | 032 e {\ X &“‘}\ 'ﬂzﬁyl‘.‘:;’ }5 MBN
oo PR A SR A
PP O Y PO P 5 N {/ \‘.s > W:,f».{z,
*[aw [ ans | nes [z a0 o’
<oz et BD
T3040 045
0.23 | ('.IJ‘ “‘: /ﬂ
BoEee
———
= E£523
2 o==RAa = A “ 0 o
ZZ S S =
_—— .  o—
1.0 0.5 0.0 -0.5 -1.0

1 BEIEEDPE LIEREIRA Pearson 18X 547
Fig.1 The Pearson correlation of soil indicators of the total data set
T xR P<C0. 01, ¥R P<C0. 05
Note:respectively: ** P<Z0.01, * P<Z0.05
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Table 5 Types of scoring curves, parameters for linear and non-linear equations, and calculated weights for indicators in the
TDS, MDS, and RMDS
o T fnfé’}gfi Nonflirfe‘aT _ ?}g@ Line;xlr A _ _ Tli Weight —
Indicators Scoring curve B REE e KAH e /ME SEUE 4 mz/l\fﬂ(%)?% ﬂ%}IE)EHﬁm/ltﬁc}E%
Mean Slope Xnax Xinin TDS MDS RMDS
BD b ik Gy 1.17 2.5 1.8 0.6 0.052
SP 2 i 55.74 —2.5 65 45 0.052 0.33
SWC (A3 13.32 —2.5 26 6 0.059
pH D R Gf 7.58 2.5 10 4.5 0.060 0.12
SOC 2 B 8.79 —2.5 16 4 0.058
TN [EA i3 0.65 —2.5 1.0 0.3 0.059 0.31 0.10
TP [EEA 0.41 —2.5 0.6 0.2 0.039
NO; -N 2 B 24.25 —2.5 40 9 0.054
NH,"-N 2 R Gy 13.44 —2.5 20 8 0.052 0.32 0.10
MBN 2 i 41.24 —2.5 72 16.3 0.060
DTN (AR 93.23 —2.5 150 60 0.060
DON fREA g 55.54 —2.5 86 40 0.060
MBC 2 B 344.71 —2.5 610 180 0.059 0.17
DOC 2 ik hy 0.62 —2.5 1.1 0.3 0.058
URE [EEA 1.22 —2.5 1.8 0.6 0.059 0.21 0.17
PRO 2 T 7.29 —2.5 13.6 0.060 0.17
NR [ g g 5.26 —2.5 8 3 0.043
NIR 2 34g 0.59 —2.5 1 0.2 0.055

TE I R R AR RT3 1 b A A ) B4 R

Note: All soil indicators are expressed in the same units as shown in Table 1
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IV 3 2 o R A A T R S B I 8 AR
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9 I 02 5 803 1 AR RN AV 0 4 i o AR
R R PR ) R LS8 7, R L R
pH A B g Ab, Pl 0t ] LLSE o A B8 ok
VIR g3 78 D SR B i T I P DA TR 48 5 AR B AL e
T2 55 A8 B A 1 OR[N AR T ORI A
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E T X — WA o
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SQI-LM  F=94.82, P<0.001
CV=17.86
/:\
2 s £ &
b b B F=135.82, P<0.001
. & CV=16.19
2

§ ¥ \B
~N
& 2\

F=94.06, P<0.001
CV=10.39

F=106.54, P<0.001
F=124.10, P<0.001 CV=6.09

CV=10.09

F=108.93, P<0.001
SQI-NLM - y—1 84

2 FAREEHEBETIERSEHOILER
Fig. 2 Comparison of the Soil quality index under different vegetation types.

TE ARWEIE LB T /5 Bl 88 IR B0 (SQD) « R M3 20 - MUBCHE 4 (SQI-LT) 2k PP 4% - fe /N B 4R (SQI-LM) £ 143 - 18 3T e /N B i 42
(SQI-LRM) AR Ak 57 - i 42 (SQI-NLT) AR LM W20 - I /MU 4 (SQI-NLM) FIAE 2 3 93 - 18 1 5 fre /D Bdii 42 (SQI-NLRM) o £
e B SQIEL e 7 B 1y 1 198 0 R AR e S ied e, S5 e AN [ R 256 2R X 8 £t B £ AR 52 il

Note: This study compared six soil quality indices (SQI) : linear scoring-total dataset (SQI-LT), linear scoring-minimum dataset (SQI-LM) ,
linear scoring-revised minimum dataset (SQI-LRM) , nonlinear scoring-total dataset (SQI-NLT) , nonlinear scoring-minimum dataset (SQI-
NLM) , and nonlinear scoring-revised minimum dataset (SQI-NLRM). Higher SQI values indicate better soil functions and soil processes,
reflecting the positive effects of different vegetation types on soil health
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035k * SQI-L:y=0.653x+0.129 | . ggi-gkzglbs%gg.zsz
. A - R2= . - WagnnlVR
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Fig.3 Correlation matrices and linear fitting relationships among MDS, RMDS and TDS under SQI-NL and SQI-1. models

P e, P<<0.015%,P<<0.05

Note: #*, P<0.01;%,P<<0.05
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Fig.4 Pathways exhibiting the impact of vegetation types change on soil quality by partial least squares route analysis

T < 4% W AR
. BRI G HE

S R B AR TR o RPN R 22 T o0 e o 5k 25 M BCF I bn AL BR AR R A, LR R W B, i 26 R 52 AN
7R B 56 R E A 56 6 £ 2o P<<0. 001, **+3E 7R P<<0. 01, *3 78 P<<0. 05

Note: The significance thresholds of the predictor variables are shown in the figure. R represents the percentage of explained variance. The numbers

next to the arrows indicate standardized path coefficients. Solid lines indicate significant effects, whereas dashed lines indicate non-significant effects.

Orange and purple represent negative and positive correlations, respectively. *** denotes P<<0. 001, ** denotes P<<0. 01, and * denotes P<<0. 05

(@)  The random forest (RF) method (JfiHL AR TT 1)
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(b) PRO multivariate linear regression results
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Individual indicators’ contributions to soil quality and the results of the PRO multivariate linear regression

5

Fig. 5

TR P<<0.01, *3£) P<<0.05
Note:** P<<0.01, * P<<0.05
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