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Effects of surface cover on soil water repellency and runoff and
sediment yield in Fucalyptus plantations in central Yunnan

Wang Zhiwei', Yu Fuke®, Li Jiaheng', Li Xin', Da Sicheng', Huang Xinhui'
(1.College of Soil and Water Conservation, Southwest Forestry University, Kunming 650244, China;
2.School of Ecology and Environmental Science, Yunnan University, Kunming 650091, China)

Abstract: [Objective] Eucalypius plantations, as important forest stands with both ecological and economic
benefits in central Yunnan Province, pose a risk of exacerbating soil erosion due to sparse understory vegetation
and insufficient surface cover. Investigating the effects of different surface cover treatments on soil water repellency
(SWR) and soil erosion in Eucalyptus plantations is of great significance for soil erosion prevention and control in
central Yunnan Province. [ Methods ] Runoff plots were established in the Haikou Forest Farm of Kunming City.
Four treatments were implemented: retention of understory vegetation and litter (WL) , retention of litter only
(L), removal of all surface cover (O), and planned burning (F). The dynamics of SWR as well as runoff and
sediment yield characteristics were monitored. [ Results] (1) Surface cover significantly influenced SWR. Both
natural SWR (NSWR) and potential SWR (PSWR) were strongest under the WL treatment, followed by the L
and F treatments, and weakest under the O treatment. The temporal variability of NSWR was greater than that of

PSWR across all treatments. The effect of understory vegetation coverage on SWR was significantly greater than
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that of existing litter biomass (p < 0.05). (2) Runoff volume was significantly greater under the O (68.01 mm) and
F (63.06 mm) treatments compared to the [. (2.34 mm) and WL (4.42 mm) treatments (p<Z0.05). Sediment yield
under the O treatment (1 784.76 kg/hm®) was significantly higher than that under the F (54.66 kg/hm*), WL (4.95
kg/hm?®) , and L (2.34 kg/hm?®) treatments (p<C0.05). The WL and L treatments effectively mitigated soil
erosion. (3) Compared to SWR, understory vegetation coverage and existing litter biomass were the dominant
factors affecting runofl and sediment yield, apart from rainfall. [ Conclusion] Although understory vegetation
cover and litter cover significantly enhance SWR, they do not lead to increased runoff and sediment yield. The
physical protective effect of surface cover remains the dominant factor in soil and water conservation. Maintaining
adequate understory vegetation and litter cover is a crucial management practice for controlling soil erosion in
Eucalyptus plantations.

Keywords: soil water repellency; runoff and sediment yield; runoff plot; surface cover; Fucalyptus plantations in

central Yunnan
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Table 1 Basic overview of runoff plots
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Fig. 1 Average understory vegetation coverage and existing litter biomass under different treatments
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Fig.2 Surface soil water content under different treatments
22 TERKENTHELEREBYZWEF

221 FRE A X0 L JF KM AR 3 & 4 AE
B3 Wos 1 4 M R AT W AT A AR R KT
(Natural Soil Water Repellency, NSWR) 11 7 + 1
JR 7K M (Potential Soil Water Repellency, PSWR) A &
TRHEAE . 7E NSWR A, O, F, L Al WL Jt 4 fift b B 24 {1
4% %} 1.72 mol/L, 2.00 mol/1., 2.27 mol/L F1 2.89
mol/L, Hrr O, F F1 L b B & 7 i B2 7 7K , WL Ak # ik
B R KKF /E PSWRHL,O, F, LI WL X 4Fh
b B 43 5] 24 0.16 mol/L, 0.24 mol/L, 0.20 mol/L il
0.34 mol/L, O AL BERBLA AT K , oAy 3Fh ik Bl K R
BEFK. BRI 200K W], A F AL HE NSWR
AR % 2 5 (p<<0.05). 7E PSWR )51 , WL &b &
FE T FARE L ARBE K O 4bBE(p<<0.05), 1fif F AbH
LARPE R O b P2 (8] JC i % 22 57 o & b, WL AL PP
YRk M, O Ab BREAR  F, LA BRAY T o] .

1.5
NSWR PSWR

EEEY
:?:Z:,Oi,l?; ;3 gw’

-1.5 -—
L L

e oo

iMEDI# % ¥ {8

F%Eﬁﬁ
A RS R R R R R Ak B NSWR 22 53 18 35 (p<<0.05) 5 A [F] /h
Gt RN AR R AL PSWR 22 8 8 2 (p<<0.05)
E3 FAELEAFANTERAYE
Fig.3 Soil water repellency under different treatments

i 4 g, B A | NSWR % 5 25 T PSWR.,
WL A3 ) NSWR i HF e , A8 55 RECH 45.34 %0, 3
NSWR W 31 7E 8 H (4.53 mol/L) , & B 75 K4 3
HC0.77 mol/L) . LA )k s MEms A7 55 m , SWR 19
C. A~ 57.40% ., NSWR 7E 9 H ik 5| &% K {4 4.48
mol/L,12 A i B & /ME 0.39 mol/L., O4bHFE I H
EEuR I B, HENSWRAE 9 H 18 #044E 3.91 mol /L.,
AR5 A B & £ 0.53 mol/L, W sh k& 2z WL 1 L Ak
PR R (C,=67.84%) . F AbHL ) s P B K, NSWR
1) C AH Ik 69.50 % , FAFAEJ2 S K MR 7E 6 H (3.82
mol/L) , & i H B 7E W 4E 2 (0.2 mol/L) . 7E 4 T
Ah PR PSWR I sl P38 2 SWR B B /)N, s i
2 3 9 4 WL (0.36 mol/L) >F (0.29 mol/L) >L
(0.23 mol/L) >0 (0.16 mol/L) . 4 4t ¥ ¥ & /R
NSWR 76 Ff 2= 3k B W8, T 2= % 2 e R my =05 PR
A, OMEF A H Y Sh 2 KT LA WL ALEE, 1]
PSWR (425 PR HUE A B &, O gl Bk B3/



%6 A A < T R R PR b 3 B T R R KR I U B R 25
6 6
A Okt B Fib 3

iMED/H/(mol * L™)
[\ w N W

—

(=

ENRY e

iMED/H/(mol * L™)
[\S] w

—

(=

iMED/{H/(mol « L™)
[\ w £ Wi
T

—

OIII i1 1 1 Y Syl v S
R S — S Vo S — S W S — S S i N I — S — S
i§ 2999988 §Q9]aaq
O N I 0 0 O N O —~ N!—= N 0 ©»
S o 0 O 0 O S = - ~i0o o o o o
: 20244 b 20254
H#(E-H-H)
6_
D WLA
5

£

5

iMED/{H/(mol » L™)
[\ w

—e— PSWR

4 FRLENLERKETLEE

Fig. 4 Variation characteristics of soil water repellency under different treatments

222 IHFABRNEEEZE ALEREMWEDE
Fo XK e WS NS SEM LR R R T
TERL S CHLAE AN TR ) AR ) BRI RE B K X
NSWR [ 5% Wi fif 452 5 A 0 8 2 (R 3, B 5) . ik
FREERW] R 2 LIS KR E 0 SWR R KK ¥
(0.164) , H Y b #E 5 35 1 (0.036) , BLAE MG & W1 £ Wy
TR R A X A2 55 (0.021) . SEM Z5 X 4R 4 T

AR AR B« - HE 5 K BN NSWR B A 5 58 14 1F 7] 71
T 8 N C AR AR %00.38) , Hoai o i pE E B 35
(0.21) 5 BLAF Al ¥ W £ W 1 (0.13) 7 A: 1] % 1F 2
N o VBRSNS T YR ) i X NSWR A
B ER (0.13,0.10) , {H H AR T £ 58 o A 5742
HE AR R BN 0.47) B 52 3R 2 1 38 5 7K S8 1 11 (W] %
AR,

®3 NSWREMEFERSH
Table 3 Path analysis of influencing factors of NSWR

- MX iREE R ) 318 12 A 2 _ S
AH AA RA WERIE  BUEMEM YR KR LM KR
THE G 0.282" 0.127 0.155 0.050 0.106 0.036
IRAFAl 5 9 A= 0.214" 0.100 0.114 0.063 0.051 0.021
FIERN £ & 0.430" 0.381 0.049 0.035 0.013 0.164

RN TE p<0.01 HH L FHA Gl 28 L. TERR.

P4 5B 5 R B HE R 5 R PSWR 5 G 8 19 5%
PR, PR R B, HODLE AN N &
(0.104) , SEM st 7= H: S PSWR ME — (1) 5 3 52 i [K]
TFo MHECZTR, BUAE AR 75 W) A 9 1 52 i 45 55 (DR
FE0.01D) , MK E LIEEZKFEXNPSWRIHIES
[ 2 % A% 2 038 A 8 B B 2 KO B A

Zi L X T NSWR, K2 HIES KR REREY
Wi PN VR DL B B0 o 3 5 0 R 56 S A G VK

Wy A= Wy ik 32 e O R RO R AR . X T PSWR,
TR L R A T RS e IR PR D O EAERON , BAE
i V8 0 A 0 ) R A5

23 FREDHEREBSFMmETF

2.3.1 FaR A FEAUIE R A 23 00
FEVD A AN 7 T AL EE R PRV A 6 B, A
FIB B4 5 AR R AR AR R e e i, AR
WM 0068.01 mm)>F(63.06 mm)>1.(2.34 mm)>>



26 P i O S )

33 %

WL(4.42 mm) 3 g HHEG K i O 784.76 kg/hm*) >
F(54.66 kg/hm*»>WI1.(4.95kg/hm*»>>1.(2.34 kg/hm?),
AN TR A B (4 7= 77 YDA AE B2 25 5, WL R L AR B (Y
P E B E/NT OMF A B (p<<0.05); WL, LFIF 4L FE

1) 3k W N T O b #E (p<<0.05), HOMF ik
FEAA LG, L5 WLACHERE i 2 0l AR A (p<<0.05) ;7
= b0 T, LA WL AR B A RCR E B T O Ab 2R
(p=<0.05), Herpr O B 4 B30 % ozt b = Ab 2

*4 PSWREMEFEEZHH
Table 4 Path analysis of influencing factors of PSWR

HAEEAR

[ 2 1 AR

HEPSTHEERERY

. A RE RE MRS BRI R R R2 AR IR
W B 0.142" 0.104 0.038 0.040 —0.003 0.015
A A 5 9 A= 1 0.132" 0.081 0.051 0.052 —0.001 0.011
E I S 0.029 —0.010 0.039 0.029 0.011 —0.0003

232 FARAEPUMNEFZEZE EFEHENEFFSWR
w4  PCA YT CE 7O/ A 35 4 3 8] e B 1
SRS 1 64.5% , PCLOTTRR 3 42.1 %) R 7K 4 i 2k 3K
Bl 32 Bl R TR CERfr 0.484) | HE R K &
(0.462) FIFE I (0.250) F 5 . Wiz fi , O 4b 3¢
7 F 1F [ DX I, A5 R 19 7= 0 5 7= 0 s WL b # 4R
) O, R B R OK R REThRE S F S L
AR BRI A F T 2 A P AR AR . PC2( T
kR 22.4%0) T ZEAR BB 7 19 W VR, g
T HE(0.537) | BE 35 18 (0.423) ILAE MG 75 W 2 W i
(0.388) S SWR(0.352) J 4 Jili %2 38 o DA Ab B 43 A >
F.O 5FAMEET PCLAA M, J& T A i K 3%
PRAY UL ORI i R=R i A YR A ST s SN
Sk, B U e e s AL 3R OAL T AR B X
B ARAE PC2 %l [ 35, 46 78 KCRe 78 0 IR M 2 7 55 1Y
[ 15 % ¥ SWR. L5 WL & HEEE 3 434 T PC1 %
ZE,F K AR RIAL B . A A R A
FE 22 5 L AR ER ARG I K B0 PCLAIEEf , i T Th
2 B T W 1 ) B RR S % o s WL A 3 A 1R
W) 22 b 07 R, 5 R85 B R SWR & 1 5 Tl —
B, 3R U i A 3 A T EORURG Y5 W A AR S I
K AR FE A R385 T SWR. 35 B (—0.428)

40
A

O

WL

F L
b 38 75 =
AN ) /NE SR e R A [) Ao 3 22 S B 3 (p<<0.05) 6

&Y YR (—0457 7 PCL E ¥ B 3 4%
far , Ui B L 5 AR R ik B UM O R AR K
+ R LIRE R T, R SWRAEPC2 L HA —
S TE A (0.352) , {H BB BAR , 3278 FL7E 8 14 7= It
FEVPA R TP SR PR o 2 b D I U R A2 M
FR W VR v R 5 S R A ) A A R A K
R A O IR T SWR B B3 STRA BR

PSWR
R*=0.03

NSWR
R*=0.22

AT A %

TE o p<C0.05, ** p<0.01, *** p=<<0.001,
E5 NSWR 5PSWR &0 [E =& 7R
Fig. 5 Structural equation model of influencing
factors of NSWR and PSWR

850 -
B 5.0
"5 680
=
2 510 2.5
e
1]
# 340 .
=
B
4 170 .
0 ] :
F eoneffmnerancesnnenass WL -
&b ¥ 77 X

El6 A[E 4T B =i = i 1E

Fig. 6 Characteristics of runoff and sediment yield under different treatments
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Fig.7 Principal component analysis of runoff, sediment
yield, and environmental factors under different treatments
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