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Effects of Vegetation Attributes on Soil Hydraulic Properties in Typical
Plantations and Natural Forests in the Loess Region of Western Shanxi
WU Tianyu"?, FENG Tianjiao"*, LIU Yabo'?, WANG Ping'*
(1.College of Soil and Water Conservation, Beijing Forestry University., Beijing 100083, China; 2.National Field Scientific
Observation and Research Station of Forest Ecosystem in Jixian County , Jizian, Shanxi 042200, China)

Abstract: [ Objective] Soil hydraulic properties under long-term vegetation restoration play a critical role in the
ecological service functions of vegetation construction. This study aimed to explore the mechanisms by which vegetation
attributes influence soil hydraulic properties under different vegetation restoration types. [ Methods] Four typical
plantations and natural forests in the Loess Plateau region of western Shanxi, including Pinus tabulaeformis
plantation, Platycladus orientalis plantation, Robinia pseudoacacia plantation, and one natural secondary forest,
were selected as the research subjects. Understory vegetation diversity, vegetation attributes, and soil water
retention properties were measured to compare and analyze the influence of vegetation restoration methods on soil
hydraulic properties. [Results] 1) The natural secondary forest showed significantly higher tree height and branch

height, and greater canopy width compared to the plantations. For instance, the values of tree height, branch
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height, and canopy width of the natural secondary forest were 58.84%, 254.4% and 32.59% higher,
respectively, than those of the R. pseudoacacia plantation. Additionally, the Shannon-Wiener diversity index and
Simpson's dominance index of the natural secondary forest were significantly higher than those of the plantations.
2) Regarding soil hydraulic properties, the natural secondary forest exhibited higher peak volumetric water
content, saturated water content, and field capacity during the growing season. The soil volumetric water content
in the plantations, especially in the R. pseudoacacia plantation, was consistently lower than that in the natural
secondary forest. 3) Both soil properties and vegetation attributes had significant relationships with soil hydraulic
properties. For instance, the total nitrogen content and tree height of the natural secondary forest were 52.67%
and 37.04% higher, respectively, than those of the R. pseudoacacia plantation. The saturated water content of the
natural secondary forest was 6.09% higher than that of the R. pseudoacacia plantation. [ Conclusion] The natural
secondary forest demonstrates clear advantages in regulating soil water balance and improving soil hydraulic
properties. In contrast, the plantations, due to their simpler vegetation structure, shows deficiencies in improving
soil hydraulic properties. Therefore, vegetation restoration on the Loess Plateau should emphasize biodiversity

enhancement, fully utilize the advantages of natural secondary forests while integrating plantations to achieve

sustainable development.
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HT MBI
AR A TR WA AR IR AR P AN
Syt Lyig: o ki 4 xS Tt
ZE(E) 110457 33" 110744 25" 110°44 24" 110°43"41"
45 (ND 36°16'23" 36°16'31" 36°16'32" 36°15'59"
W 1wy FH 3 FH 3 FH 3% FH 3%
Wepz /() 26 25 23
B / % 34 38 41
YA 25 =3
ﬁﬂ%ﬁfmrié 1600 1700 1325 1075
B4k /m 1371 1210 1358 1081
1L 7R Bk S
WS N T AR CPinus A N TARCPlatycladus KM TR (Robinia ‘ 'if_z?(gu:m[z\%
R tabuliformis) Bk VG JE % orientalis) \FARIAE (Sophora  pseudoacacia) BRI EL (Ili:;]éil;u‘sacn/;;c;d;arla) i

(Viburnum schens— ianum M) |

W J B (Rasa xanthina) 4

davidii) . 'T 7 (Sgzygium

aromaticum) %

(Rasa xanthina) &K
(Lonicera maackii)®:

YWk CHippophae

rhamnoides)

http. // stbexb.alljournal.com.cn



o5 4 1

F R TR VG DR N TR SRR P A L 0 P X e S K T3 AR ) 5 151

1.2.2 #&KE  TE 20234512024 4F 7 H A K ik
B TE ¥ — |k BE ok 1 S 57 b 2% 1 AR RL G AR 43 1E AT
B A . A RER iR EN T, B
TR AR A TOAR IR N TR A R K TR A b
4 b S [ 1 26 B i 3 10 mX 10 m i1 7 KRR
T BB R AE KOG O R AF RE VR RRAE B 5 B AR
K 2o T 08 PROR B i A, DU PR BRUORE 1) 8 36 M, R B
ROFE bR R R, W TR AR FE T B4 I R Mg 42 B
e R A . R TE A TR R
HR S R4 34 5 mX 5 m B BEARFET &R
W IC SR AR & e IR MR SRR, LA
FENEARRE T PEFE ST mX 1 mAYEARRE
TEAKE T R AR A 0 108 AR KR RT3 A R 0 aE
TR, HTE A SR 5 A o 5 B, O 10 SRR O A
AFEYI RN Wl BE RR AR A .

TE 2023 4 F 2024 4F 7 A A K ZE AT B SR A
X F LEAE BT ARME T N AZ 48 54 F 2 1/ R
+ e, I HAE 0~200 em WE 84 )2, Bk £
JZ 43 9 2 0~10., 10~30, 30~60. 60~90, 90~120,
120~150,150~180. 180~200 cm , % ¥k BUFE J& FH HL
FEASAT M S2 56 2, [ AR KT 5 147 B8 A 1 0 A 0 A o
{8 FH 100 e 36 1 7 B2 4 HE 0 v i IR A
BALZESAFEM AEAES T E L AR
JBT e AR 43 R AE HE 2R
1.2.3 R ACW Rn e KB/ £ AR 5
B AR TG, AR 55 T 50K + P R mm i, i H ik
S ELRY URLAR o 45 25 B O B S 09 L 5T 2 mm
T, BRI R R A e A R AR e . X Tt
i S Y S FEIBCER 43 A i E — 20 W B O R i 0.15
mm i 7, L3R BCH 41 0RE Y - HERE & TR X
- S A S O ORS B N e . L, -3 pH R A
P ASE 8 0 2 5 8 P B A B 0 B (S - S ML A 4
B 5 S DU R % R B0 A1 i AR D 5 e
AR P i LR VR I 5 1 8 4 >R A HCLO,-
H,SO, 3 I 5 5 1 48 4 83 o ICP 43 #7514
FRUTE 2R FH 5 09605

4 BEK 43 R 216 ¥ 45 I 5, SRR b A £ 4
Ko W T AE F 2022 4 9T IR, A % 0~10,10~30,
30~60. 60~90, 90~120. 120~150, 150~180 F#i
180~200 cm AH[FI 1y 84~ )2 Wil i . A E 2
- HEAK AP R 4 Bl 1 71,6 % £ 4 15 min [ 3R &
TR R SRR 2Lis 4T, IR WS 2023 45 Fl 2024 4F
AR R L T A3 B AS [ R R K A2 2R AT Y -
KGR

1.3 7K 451E fh £ E 5 AR B AR

+ HE K oy ke AE i 26 SR H B 0 BIL R TN E
van Genuchten 15 % Sk i 38 % 252 (1) 1 38 7K 53 R AF il
28 , 1 van Genuchten 7£ 1980 4F 2 1} . 78 + 3 /K 43
18 g MK S WEFE T, van Genuchten 858 84 2 5 H 11
TH o B BP0 AR T BE A% W AR R B
5 AE TR Y 4 B K A IR A X B A b K )
AR HEFE s 2O E 2 il S E X,
% e LB A A3 A L il B R R [ R ) 4
PFF + 5K 53 A2 4 o {153 van Genuchten 5 74 7
T 4 AN [R) 26 Y 4 HE Y K 40 A7 S O T R R A R, A
11 AP A e a1 e - ) O N AR o 1
e HR . HitE AL .

0,— 0.
T w
K RS K em’/em®; Al HHEW J), cm ;5 0,71
0.5 5 R 5% A B KRR AL & K% em®/ em®s e B
PESAB AN 5 89 2805 m A Ay = HE AR A3 R AE il 26 00 12
REE o nfCRMA M BEZEIE O sm=1-1/n.

A AR K S AR A R B A R K & L RRRK
AR 25 5 K 4 B A BR ) 7R B0 3888 0.10.33
1500 kPa B0 J1 & 1y - 8 i ik o3 B o )oKl
a4 AR K 43 BT 43 B R K B 22 R Y 26
TS . A ROK Ny B E K &8 5 2 5 K & Z (8]
1 22 H 5T A5 o ASOK RLR 280K 43 50 S H ] RE 7K
WS EERKEMZEME, DR BERKE S HEK
S E] 2 1A
1.4 ZHEEREHITE

kG B — 2R A LA R 2 LY
i F= & & Marhalef 5 20 . 75 K 4 94 2 #f 1 Shannon-
Wiener #8501 27 1 25 F 3 5 35 1 Simpson index & 14
5] FE F5 B Pielou X AN [R) A8 85 % & 28 AR A WE A 2 A0
A A DL 22 R SR AT A B A AT R LR A, DT X AN
[F) AL B 1K 52 25 D ) A B 22 R PR AR TR b T

Dy =F & 246 % Margale[ 5 44 :
(5—1)

Pl (2)
InN
2T 4k 4l 2 #E 4 Shannon-Wiener 45 45
H=-3"P P, (3)
i=1
3) 27 W 5 A B $5 X Simpson index
S
D=1—>P; (4)
i=1
4) 3457 FE 8 %5 Pielou::
H/
J= " (5)

http. // stbexb.alljournal.com.cn



152 KRR

39 %

S S BEASRETT B A B N AR DT N 4 TR R
(A A B PR o i A Tl I B (R P ol SN A Y
o R [ a1 S
1.5 HiE4E

& A Microsoft Office Excel 2019 %4 3 17 # ¥
R, SPSS 24.0 B gE AT B dE gt e b o R
Retention Curve (RETC) 5 4 45 4 Origin 2021 #% 14
UG = EoK 43 R AE 1 2 I 11 5 AS W] 28 56 B 3 1 P05
240, I FIH Origin 2021 B4 kA7 i 1 .
2 FERG5SMH
21 AEEHEE XBHHAKRERIER

H1 3% 2 TR0, A () AR K 52 26 2R 1 R A 45 44 4 A

FEAE R 2 5 (p<<0.05) , RARIR A MM & KT =
T e g S 25 R AT N AR ORI N MR A A T
K, ok (18.3344.01) L (13.29+4.29) | (20.99+
14.58) m; K AR UK A MR A2 S /N AR T I A AR )
RN TAARRTIMAA N AR, AL (12.2443.6) cm. fll#IA
AR b N TR R AR, ZE M BT e A e iR
T i 3 25 5 (p<<0.05) , MAT N TTRR A A8 a5 /0 3 #
N TR, A (3.3741.28) m, A A TR & 8 (5.65+
1.37) mo FREN TARAER & BT & A i b 250
TFAUAG N TARFTHAS A TR RS T R IR IR AE R, 53 5]
J(11.54+3.67) . (3.7541.40) . (15.83+5.87) m;{H
FIREN TARTE A2 b 2 e T AN AR R AR AR
MATIMAS N T AR, A (21.50+E4.97) cm,

x2 TEEHKREXBHOMARERIEIRIER

Table 2 Comparison of vegetation attributes under different vegetation restoration types

S fg 4% /em B 5 /m % T = /m 5e I/ m
ks A AR 18.75+6.79b 3.7341.28d 0.284+0.42¢ 6.2044.14c
R TR 21.5044.97a 11.5443.67b 3.75+1.40b 15.834+5.87b
RAR WA 12.2443.60c¢ 18.334+4.01a 13.2944.29a 20.99+14.58a
RPN N 18.924+5.27b 5.6541.37¢ 1.0940.28c¢ 5.8047.03¢

TE 2R PR - B b 22 5 ARG T REROR AN R AR IR 52 28280 2 ) 22 3 W 2% (p<<0. 05) .

22 AEEHMELBHMMHKTHEFESHME

AN TR AR B VK 52 208 TR 19 A2 BV 22 FEME 45 AN A TAD
F T 2 ] AR AR A AR RN AR AR
SRR A MRS L FEHE AR JZ i, R AR IR A2 AR Simpson £
PIFFEH0C0.911) . Shannon-Wiener 2 F£ M 45 %0(1.566) Fll

FE R R (1.643) ¥ 5 1, Pielous ¥4 2] 48 80(0.784) ,
1.0 1 (a)

Simpson & FEEFR%
o o o
= & =

e
S}

PN
2.2 r(c)
20F 7
1.8
= 1.6

314
1.
Bl 10
08
To.6
0.4
0.2

B
AR
B2 AREENEEXBHERFESHENE

Fig. 2 Vegetation community diversity under different vegetation restoration types

VS

e P
Mo

W ARG T A N MR A N TR . REASZE hoAH B, il
I T Ak Simpson 2 ¥ 4 48 %0 (0.648) , Shannon-Wiener
ZAEPEAR B (1.262) F1 25 B2 F 20 (1.425) 18 4 Fhobk
i, RIRURAE MRIR A 5 1H R SR YR AR BRI 57 B2 48 Hioms K
THIBEN TR, AR N TR 4 b Z00H 0 AR T HoAth 3
bR, 150 A RBR N ARG AR N Ml o 22 R dc 22

A

1.8 - (b)
3 ab
ﬁ 1.6 a
b
H
I
vzt
H
it

H14
bl
1)

a

ab

o
5 1.0
508
206
=1
204
=1
=02
w2

ab

Pielous¥y &) EF6 %
=) o
N N

e
S

0

R il AR

s
W UK HoE

http. // stbexb.alljournal.com.cn



4 3]

F R TR VG DR N TR SRR P A L 0 P X e S K T3 AR ) 5 153

23 AEEHMELBM T EAKSERSE

HY P 3 AT, A ) A % P A2 208 R0 1 HEOK A3 4R
PP B b Z A K W R, SRR E
25 MRCHb Y - K A R R B A 4 H 805 Gk B 4
A S5 R (E  HCUR A R AR UR AR AR > A N T AR > R
N AR MRS N TR, R AR AR AR+ 58K 2 AR FR
B A E0.194 em®/em®, W] R T Al A
AN TR WA B 7K 3 A B 43 BCLE 5 R B S AT, ) AR
NTMRT H kB KA, 7 0.123 em®/em?®, Ho At A

j=)

—_

(=)
T

0.05

LI AR EU (em? - cm ™)

025 (a) . go%-@) e fitn 7028
5024} e gk 5 0.26
020 Eoml —— IR £ 024
c = - RBRRAEMR 25,

0.15F £ 0.20 ES

[+

A

2018} X

iy z
Sot6p £ 016
X014 ¥0.14
= 50
C0.12} S0

W7 8 H ik B fe fIGME , 5 P 55 A0 X R o A A
AR AN AR Y A K A R B B B, 4
AF AR R SR WA AR A N TR A [ e g 2
RUAE A A + 2 1 + K 3 R B0 80, 76 0~50 em +
JZ KRR A MR K A R B4 Bl s, Gk F
0.262 cm®/cm®, H U M A vl A FOORIER o Bl E +
J2 TR B BN, BT R A 2 A - E K S R R B
B REAR . 7E 150~200 cm 4 2, 42 3 Kk 4 1A B4
HOA B F AR

%020
£0.18

b
US| s B RERM

| I I 1
\W%V‘)‘o’\%%@.\\\’»

1
1030 60 90 120 150 180200
TR E/em

B [

B3 TREEHHESEXBEHTHEKMMERIHE

Fig. 3 Soil volumetric water content under different vegetation restoration types

24 AEEHRE XKB R KD EE
P 4 g J BN AR 3 A TR AR N A A

R0 B W B e o R W R AR R A AR IR g 2% A
T RERE IR AP E 2 1 K I, KRR AEMRAE R B A

R AR UK A B 4 T TR A8 0% VK A2 25 TR 1) - 398 K 43 R AR SRR L AR T I R £ B AL B A B AP S R AR R W 2%
AR 2R o 7K 3R 0T W 7 B, R AR IR AR AR - B3 K AR AT XA RO # R EE
~08 (a) IUFA N T K 06 (b) HHLA T A

1 1 1 1
6 8 10 12 14 16
FEJFIR J1/(x10? kPa)

1
2 4

07 () A ATk

6 8 10 12 14 16
HEJF L F7/(x10° kPa)

<
[

<
~

e
w

e
[S]

e
-

KRR B (cm? - cm™)

1 1 1 1 1
6 8 10 12 14 16
LR H1/(<102 kPa)

_07r (d) RARWK A

1
8§ 10 12 14 16
HEJF L F1/(x10° kPa)

w -
~
=N

—#—10cm -—o-30cm —4—-60cm ~—v 90cm —¢-120cm —<-150cm > 180cm ——200cm

B4 AEEHRELBTAERELEBKSFFE
Fig.4 Moisture characteristic curves of soil layers at different depths under different vegetation restoration types
http. // stbexb.alljournal.com.cn



154

PSRV R 3

39 %

25 AEEHMELET0~200 cm + E Tk

4 R

H ] 5 ] 1 4 b A Tl A A 5 28 A0 AT R R
SRR TN () - HERE KPR BT . R SRMRAE 1 A ot 55 7K
1w (0.561 cm?/cm®) | [ 8] £5 7K &2 (0.386 ¢cm®/cm?®) | T
J17K€0.175 em®/em®) (A=A &4 7K (0.366 cm®/cm®) 13
BK (0.136 em?/em™) SR 247K (0.230 em®/em® J5 I
Yo f v AR ER S O - 335 1 AR K RN K B

HRRUT S LaR eRE K R K B AL E
B LB SRR 2 3 U O (p<<0.05. &1 6)
R BN w5 R K A R B O S R A OG L (H
Ji A2 5 A= e K A3 AR R 43 B30 17 AH G (p<<0.05) . AH L
- SV BT R R S5 T8 AR, T 2 REPE A K
P O ZRAH G A 5, 3 B AR R TA) A 06 R B0 iR
AR (p=>0.05).

TR R R 2 5

HH [R] 47K
. ~ . L 06 %
FIMLAE IR L ILT-H A, R Lk £ 0F [ . :égfg,k
(K RE T 0555 s TS RDUAZE 4 U 45 L RBUNIE A %;ij’;
. o S s o 204}
T RIRARFRIBR Z 18] o A [FAR B K A 2 B LK 8 I
P SRR TR A R SRR > S A = i > TR 2 os I
26 AEEHMRELBW T EYER . MWAREWIER $ I
0 BEE & HEME T Ok S RO B0 i
N o — QK] s RIRM
P 6 2 0~200 em = 2 4= P BT B A 45 44 45 A %éﬁéi )
FURETE Z R SR IR R G 3R o A UM 2 S 10 B5 REE# RS K E T 0~200 cm 2 + 5185 K R
R 5 R RN i i K i L AR B VR I OK L2 R Fig. 5 Soil water—holding properties of the soil layer from 0 to
K CEROK GRAOK TCROK R TEAE DG R A 200 cm under different vegetation restoration types
EES 4] EES Y
AT HLBE s b W | ok 10
3] _ o i 03
II:F'; o oo BTH @ 0.6
%gﬁ o ® @ 04 S @ 04
SR8 S8 e
i Egﬁﬁf ° RIS o TEKARR ;:i - Lo
TEFLALRE | o FEL ) 45 ok ik
= 5 * denaks Ry gl o 50 - . |
Kk _ses oo i &k Pl 02
T@f‘“}'ﬁ”ﬁ-ﬁé{ﬁ = E 04 ER K| )'(/m(,/-‘ . 04
LK@ Se e 06 ok [ Sl ol b ol -06
k| we 20 08 ok (@ 95 L g o 08
mik| 88 908 o ik AAA A A
' W E T R R R ' R EE EEEEEES '
ZHEH “HEAE EE RS &EXREEXEK
I % e % % % Mol ® KR
o
=
(a) LA S B A oG R (b) PAE A b 5 K 45 1R R
% R
A A B A A 1o
A -0 791 g o 08
A2 T ek
RS e o e ]
R UEGE A 0.4
B A AR B " g ek
BRI sk g 02
RS ST f B g 5
AT Lo
KA A AL 2 i -02
B P
i 1k i =04
AT Bk P a8 gad ; -0.6
Ak ¥ g s
Bk 3 55 o o o i 08
FHOk HAS A R
e FHEEEEE
53 @ @ m o SR RERER
FHEHSEE B we R
e B OE oA =25 #H
R R E
Fo D I D M I O % %
£ £ £ I # &
e i &
# o

(o) RS LUK DR R &
Ee TEMR.MAGHIERMBEESHEMSTEKNFENXRIER

Fig. 6 The relationship matrix between soil properties, tree structure indices, community diversity and soil hydraulic properties
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