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Influence of vegetation construction on the soil moisture in northern China: A meta analy-
sis. LI Gang'?"*, LIU Li-chao', GAO Yan-hong', YANG Hao-tian'?, WANG Yan-li'’
('Shapotou Desert Research & Experiment Station, Cold and Arid Regions Environmental and En-
gineering Research Institute, Chinese Academy of Sciences, Lanzhou 740000, China; *University
of Chinese Academy of Sciences, Beijing 100049, China ). Chinese Journal of Ecology, 2014, 33
(9) : 2462-2470.

Abstract; Vegetation construction is the most effective way to control erosion by wind and water
in the arid and semi-arid regions of northern China. Reasonable vegetation construction needs to
consider the vegetation carrying capacity of soil water. Based on published literatures of soil water
change following revegetation in the arid and semi-arid regions of northern China, this paper ana-
lyzed the influences of two kinds of vegetation construction (trees and shrubs) on soil water at
different depths using a meta-analysis. The results showed that vegetation construction produced
prominent negative effects on soil water in deep layers ( below 40 cm, with an effect size of
—-0.40). Tree planting resulted in a significant decrease in soil water (effect size: —0.58),
while shrub planting had a negative effect on soil water (effect size; —0.27) though no signifi-
cant influence was found. According to the subgroup analysis, tree plantations in the zones with
precipitation of more than 400 mm and with the stand ages of less than 20 years led to decline of
soil water (effect sizes: —0.62 and —0.69, respectively). The results indicated that tree plant-
ing produced more negative influences on soil water environments than shrub planting, and shrub
planting could improve soil water-use efficiency in the arid and semi-arid regions.

Key words: arid and semi-arid regions; vegetation construction; soil moisture; meta-analysis.
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Table 1 Standard of literature retrieval
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Table 2 References of meta analysis
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FEREE -2 A Wb 2010

1
2 RETUEERS €SI ¥ R RN AE 2000
3 e quyidnl:) N BIEZE 2006

4 L PG A R G L AR AR JEH IR 5 R, 2004
5 Hol e e e HER BIRELF 2009

6 RETEETEt €5 U ¥ N BTRL A =48 2005

7 RE R TR R foy sl SO L2003
8 Beri R H A A X|rh&r4E 2010

9 TEYRE HEA EREE 2009

10 Holr e B HEA XK, 2009

11 TR WA ZHRSE 2001

12 Hilrg e TR AR EFIE 2009

13 HNAIEER Ui X & BEAF 2001

14 SETREES €5 A VN A S ,2004

15 WSS AR R4 ,2009

16 WA hFEE A Wif 48,2010

17 Tl E R Te R EAR M7k 7R 2008

18 (SR S S5 Te R EAR Wiz 4E 2002

19 Beri s B HEA BRSOk 2004
20 Ih7EH % & e AR RANERITKAEZE 1996
21 BEPiA B ek 14,2005

2 IvgA T & PN HRAEAS 2011

23 WP e B TR EAR VFE R 2006

24 Hl e e TR EAR TR 2005

25 1P A oG £ TR HEAR A 4T 2004

26 TR AR e, 2007

27 Hlra R e HER IR EEFITK 4B 2010
28 HNAIERER HEA X & R4 ,2002

29 THEIBWE AR 14,2007

30 Beri R HEAR M 1990

31 L1 45 34T E35R i RN 2007

32 UTHERE HEA B ,1998

FEA FE AT RN (BT, 38 5 >R FH R 7 R g ik it
TSR R, Y5 PSR P>0.05 B, ATk R
LA A 2F 58 HAT RS, 16 FH 1 58 B R a5
BN 3 M ST ZE R P<0. 05 B, A 24N R 26
MR BB G425, PR RSN B 5

Gl A AR (X SCHEAE 2003) ., RO R B R
NI .
, (X W)’
= W.r. - 2
Q= Wr Sw (2)
W, =1/, (3)

AP, BT BIEONAA; W, A58 AL
A A RN A OMAR I 7 22 (V) 1%, il
WA (2) IR HORE 0 FHIRM A A K-1 /Y
KI5 A IR, AR BT T3 A Q 2 B R T

{ERAL AT AR AEL P
WG S B AER I A 452, 25 P>0. 5 IF, SR I [E
TE RS A5 SRR, Hat AR .

ps = 2 (4)
W,
F5 P<0.5 B, DS FH BRI 0 AR 3 45 45 3
AR, Hat & AR .
g 2 W (5)
W
X,
W, = D+%i (6)
D= Q_(Kiltiﬂ (7)
W, - "
(X W ZW,->
ZEARUNVAB R 95% EAR X [ A=l
95% CI=ES+t, ,<SE (8)

1
SE:J; (9)

K, ES Ryi it & I AT B0 (E BT 3R 15 1 45

GRNAE , SE NEEERUNAR PR R . S 45 G R0
{H ES>0 B, U W 4 A 1 ) 4= K 43 3% 1A 35
BN 5 2455 AUV AE ES<O I 18 B A w15 v+ 3
IR REARERN . ANARAZ 3 i 48 R 45 B 800 [ &
fRIXIH 5 0 S, 3B EE 5 X K 43 (1952
KIEFNGE 24 0K (P>0.05) 5 BAF X A AL 65
O RT 0 HFL/NT 0) , BIUEHT P<0. 05, ZWHH
P X - HEK A IR A G2 2 S (X
2010) , Meta 23 #rid FE7E Excel 2007 I Stata 11 5
AT,

2 HRE5HM

2.1 AEBERO K S R ) B AR

F 3% 3 AT UL, T 52 1 5 b X R e A
X - ARG AR B B, N T AERORR AR
0 ~20.20 ~40 .40 ~60 .60 ~80.80 ~100 FI 100 c¢m
DUTR 45 2 30K 43 19 25 6 28 A 43 91 - 0. 16
~0.39.-0.53 . —0.44 —0.49 F1-0.54, P00, e
B 5T R, N AR B AT S B 8K o
PR, b Rk R 0 R 2 K A R
SN AN T X 20 em LU ) HHEK & 8RB E
FEARVER 3 F2 22 R A A N T AR AR 2 A



2 NIAE LT Meta 70H7 (9 b L7 R HE BO 30K 70 20

2465
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2.2 FRARFRAENT 1 57K 5352 0 A SE AR

2.2.1  FEAHRAE N XK 5 B B ARERE A
FHEZ 2 HEh IR AR 17 G SCHR (3 2 TP AY SCiik
1457812131718 20 ~24 26 27 31) HHF5E
HERIEAT Meta 30T (52 4) o HEREY N TIAM
Wb 4% 52 A 398 7K 43 B e 1A 45 B SO B 43 5 R —0. 21
-0.56.-0.75.-0.70,-0.73 F1-0.75, £LHTT K3k
T - oK o3 B i A FRARAE R, o 0 ~20 em 11
K o B mE A G ROV AR ) B DX A B 0, ik
2 2 K o B 456 SOV A 1Y AR DX RS AL 45
0, PR ARHIL XS 0 ~20 em B+ LK 23 B 52 0 A
3% 20 em DUF B KA & A BT
YEHL,

2.2.2  AN[RIEEAE AR PR R AR ARAR X 3K 435w
WA BT ARF A AR R (<20.,20 ~ 40, >40
a) BITRARMRBY G AR | UK S i bR 532 3 AR B
AT B, R R B A SCHR Y, A 9E<20 a TR
BRI SCHR LA 11 45, Bk 2 P 1 .4,
7~9.13.17.20.23 .25 Al 31, i i Meta 43 H7 (£
5)KW, <20 a BN T AN 252 Ko &7
A BEAREONE , X140 em DLF 19 380K o B e AR

F3 HEHBRIE LSRRI
Table 3 Basic characteristics of the impact of vegetation
construction on soil moisture

THERE R R e P 95% {7 X 1]
(em) wE AE

0-~20 177 [EEBE -0.16  0.229  (-0.41,0.10)
20 ~40 77 BEHLBE -0.39 0.017  (-0.72,-0.07)
40 ~ 60 77 BEHLEBIE -0.53 0.001  (-0.86,-0.21)
60 ~80 77 BEBUBIR -0.44 0.008  (-0.76,-0.12)
80 ~100 75 BEHUBIE -0.49  0.003  (-0.82,-0.16)
>100 71 BEHLEE -0.54 0.002  (-0.88,-0.20)
LI 554 [ERER -0.40 0.405  (-0.53,-0.27)

F4  FEARFAEIS KSR A B A HFE
Table 4 Basic characteristics of the impact of tree planting
on soil moisture

FRARRON T XF 40 em DAY 3K o SR 5
lIENTE .

XF3e 2 A TR ARARA A BR A T 20 ~40 a 1Y
10 FEAHESCHk (2 H 1,912 13,17 .20 .21 24
27 F131) B Meta 7387 (£ 6) &K 8,20 ~40 a FTrAREL
(IEROE- 9 s ¥/ & w2l 3 (A S VAR ER - A TP PSP
F] 5 K

2 i KA AR PR I 40 a DL B AN T FF
KRR SCHR A 6 F, 4002 1.5.9 .26 .27 131,
1T Meta 2387 (36 7) KB, 1T 40 a BT AKX 20
em DUF () 30K 53 5 8 7= A B AR, , % 38 )2 1 48
pi 7 s et =1 ) 13 A VAR (ER- AU O N T E 2N

x5 EHE<20 a TR LK F AT B AR FHE
Table S Basic characteristics of the impact of tree planting
between 0 to 20 years on soil moisture

HHERE ] ity P 95% {7 X 1]
(em) piizes ROVAE

0~20 24 BERA  -0.27  0.359 (-0.84,0.30)
20 ~40 22 FEHA -0.52 0.097 (-1.13,0.09)
40 ~ 60 19 BERLBE  —0.74  0.032  (-1.43,-0.06)
60 ~80 19 BERLBSEL  —0.72  0.037  (-1.40,-0.04)
80 ~ 100 24 RERLESED  -0.82  0.009 (-1.43,-0.21)
>100 23 FEMLEER  —0.72  0.022 (-1.34,-0.11)
ik 131 BEBA  -0.62  0.808 (-0.87,-0.36)

R6 FEIE 20 ~40 a FARI LKA EARFFE
Table 6 Basic characteristics of the impact of tree planting
between 20 to 40 years on soil moisture

TR K B ey P 95% B DX ]
(cm) piized RONE

0~20 6 BIEBE  -0.29  0.619 (-1.44,0.85)
20 ~40 5 BEBA  -1.63  0.057 (-3.31,0.05)
40 ~60 7 BIERA  -0.83  0.233  (-2.20,0.54)
60 ~80 7 FEFE -0.79  0.307  (-2.32,0.73)
80 ~ 100 6 BIEBA  -0.69  0.366 (-2.18,0.80)
>100 8 FIEBA  -0.74  0.282 (-2.08,0.60)
EAIN 39 BERAE  -0.75  0.889 (-1.32,-0.18)

RT BHEA0 a L EFAI LK S H MM E R
Table 7 Basic characteristics of the impact of tree planting
after 40 years on soil moisture

THERE KA B e P 95% T {7 X i) HHERE T gty P 95% i {r X 1]
(em) wH BUifE (em) TPk S A

0~20 46 [EEBE -0.21 0.321 (-0.62,0.20) 0~20 11 I 7 Y 0.08  0.849 (-0.76,0.92)
20 ~40 32 [ -0.56 0.031 (-1.07,-0.05) 20 ~40 5 FEEHA  -1.78  0.046 (-3.53,0.03)
40 ~60 34 REHLEIAED -0.75 0.004 (-1.26,-0.24) 40 ~60 7 EEHE 0,91 0.125 (-2.08,0.25)
60 ~80 33 BEHLEER -0.70  0.008  (-1.21,-0.18) 60 ~80 5 FIEBA  -1.02  0.161 (-2.45,0.41)
80 ~ 100 35 REFLEIED -0.73 0. 004 (-1.23,-0.23) 80 ~100 8 BEERR  -0.81 0.137 (-1.88,0.26)
>100 36 REPLEIED  -0.75 0.003 (-1.24,-0.25) >100 7 FERR  -0.69 0.224  (-1.88,0.42)
ik 216 [EEMA -0.58 0.469 (-0.78,-0.39) ik 43 BEBA  -0.63  0.407 (-1.10,-0.16)
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2.2.3  [RIRERT I X T AR HR A X 4 8K 43 52
MIMEZE AT R T A AR E R X R 32 2 4 v T [ T o
BRI, DRI A SCH 7 R e o8 T o X330 (0 ~
400 mm Hb X 2 400 mm VL FHBIX) 43 R AN K X
WO AT B, Horh ¥ RAFERERT & 0 ~ 400
mm Hb X TR AKEAE A G SCHR AL 9 G (3R 2 i 4
5.7~9.12.13 23 f127), M8 AL, X FF A
FRAE T A 5K 37 A AR AR, (HZ S M A il 2
X} 5% 2 A AR 400 mm L BB X R AT
FRARFEAE Y 10 j SCHR (1.4.9 13,17 .20 .21 .24 26
FI31) HY Meta 7387 (£ 9) KB, %ML X T IR AR
X K A3 AT BEARRON , o 0 ~ 40 em 14
IR B FEARAE AN .35, % 40 em LR 8 387K 4
A RN
2.3 FEARIAEXT LK A5 () FEA KRR
2.3.1  JEARGRMN T HEK R BRERE A
T A AL B ) SCk b A7 26 R (R 2 2 ~ 12,
14 ~20 23 ~25 27 ~30 Fl 32) # S FEAAGXT + 15
KA, 3l I Meta 4307 & 30, HEAGRAE XS 1% 4
®8 FETE<400 mm X FA A T kS ML
BERFFHE
Table 8 Basic characteristics of the impact of tree planting

on soil moisture in the regions where the precipitation is less
than 400 mm

THRE K HiA e P 95% {7 X ]
(cem) piized BONAE

0~20 14 BEHM  -0.12  0.745 (-0.87,0.62)
20 ~40 7 BIEBA  -0.43  0.430 (-1.51,0.64)
40 ~60 8 BEHUEARL  -1.01  0.076  (-2.12,0.11)
60 ~80 11 BEHUERL  -0.58  0.192  (-1.46,0.29)
80 ~ 100 11 BERLBE  —0.50  0.254 (-1.37,0.36)
>100 9 BIERA  -0.49  0.314 (-1.45,0.46)
LN 60 FEME  -0.47  0.875 (-0.84,0.10)

®9 FRWE400 mm L Ei X FAI LK S HIEIE
ARHFAE

Table 9 Basic characteristics of the impact of tree planting
on soil moisture in the regions where the precipitation is
more than 400 mm

DX K o 5 e A AR SO, (R MR AN 2 3 (3R
10) , Ui il X - 5K 53 75 18 52 BT R B i B0

BRI
2.3.2 AFIHRAR I AR EHOK S 0

ML A3 AT AR SOR R 3 Al AF PR (<10, 10 ~
20,>20 a) R4S HEA P BAR  BUPR A I AR 43
h 3 MRS B AT WAL b, R SR, AR
<10 al#EARFARAHCSCIRIL A 11 R (E2 2.6,
8.10.14 ~16 .18 ~20 H132) . T Meta 43#7 (£
11) FW] HEARFRAERT 20 em PLF HHEK & EAT R
IRAVEF % 0 ~20 em Ay 587K 405 2 7= A 3 1
FH ABSZ i YA 2

X% 2 A SCHEARFAE AT 10 ~20 a (19 16 FH
FRSCHR(F 2892 ~4 .6 ~8.10-12 .14 ~17 19 24
F128) B Meta 7047 (32 12) KB, %A B HE AR £
PO AN R R B 1) 1 38 7K o3 5 5 348 BRI AR, (H 5%
M 5o 35 1 i KR

22 b KA AR AR AT 20 a DL A9 AN T
AR SCRRIEA 9 k5 (3 ~5.8.11.15.16 23 FI27),
I Meta 23T (32 13) R AHAE BT 20 a 19
VEAT 498K 43 A5 BEAIRARONE , (H S A 8
2.3.3  AN[R]RE T R DX 3R I A SR AR T 4 K 35 i)
AT i FREARFEIL T Rl R X T

R10 EREIEI LIRS R A BT

Table 10  Basic characteristics of the impact of shrub
planting on soil moisture

TR AR B Hi& P 95% E{F X ]
(em) pries R A

0~20 71 FERA  -0.13  0.454  (-0.46,0.20)
20 ~40 45 BEHM  -0.30  0.155 (-0.72,0.11)
40 ~ 60 43 BIEBA  -0.40  0.067 (-0.84,0.03)
60 ~80 43 BEBR  -0.27  0.211  (-0.70,0.15)
80 ~ 100 39 BEBA  -0.28  0.214 (-0.73,0.16)
>100 34 BIEBA  -0.34  0.164 (-0.82,0.14)
EAIN 275 BIERE  -0.27  0.943  (-0.44,-0.10)

R11 EHEO0~10 a FEA LK S HNEEARFFE
Table 11  Basic characteristics of the impact of shrub
planting between 0 to 10 years on soil moisture

THRE R fiA oy P 95% B X [H] HHRE KR A Eri P 95% B A X 1]
(em) frites i fE (em) e R A

0~20 29 FEEHM  -0.24  0.365 (-0.76,0.28) 0~20 19 Eije e 0.08  0.806 (-0.56,0.72)
20 ~40 25 BIEBA  -0.59  0.270 (-1.63,0.46) 20 ~40 14 BIEBA  -0.04  0.914 (-0.78,0.70)
40 ~60 26 BERR  -0.70  0.017 (-1.28,-0.12) 40 ~ 60 11 FIERA  -0.33 0.444 (-1.18,0.52)
60 ~80 23 BEHLBE  -0.82  0.010 (-1.44,-0.19) 60 ~80 11 FEME -0.04  0.924  (-0.88,0.80)
80 ~ 100 25 FERLBE  —0.94  0.003 (-1.55,-0.32) 80 ~ 100 9 FEHA  -0.03  0.94 (-0.96,0.89)
>100 26 BEHLESR  -0.97  0.002 (-1.57,-0.36) >100 10 FERR  -0.15  0.739  (-1.03,0.73)
ik 154 BIERA  -0.69  0.477 (-0.94,-0.44) ik 74 FERE  -0.07  0.987 (-0.39,0.26)
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R12 EAE 10 ~20 a FEAS LK S RAME B ARRFE
Table 12  Basic characteristics of the impact of shrub
planting between 10 to 20 years on soil moisture

THRE K0 B gt P 95% A5 X [H]
(em) Pt BB f

0-~20 2 FEER -0.39  0.19  (-1.00,0.21)
20 ~40 12 BEERE -0.62 0.148  (-1.46,0.22)
40 ~ 60 12 [EERR -0.95 0.038  (-1.84,-0.05)
60 ~80 15 EEERE  -0.73 0.060  (-1.50,0.03)
80 ~ 100 12 FEER -0.56  0.188  (-1.39,0.27)
>100 1 FEEBE -0.46 0.291  (-1.32,0.40)
LS 84  [EEEA  -0.59 0.941  (=0.91,-0.27)

F 13 EIE 20 a A EFEARI TR ZNHE RS
Table 13  Basic characteristics of the impact of shrub
planting after 20 years on soil moisture

TR Rg B ey P
(em) pszed RN fE

95% {5 X 1]

0~20 29 BEEEA -0.18 0.489  (-0.70,0.33)
20 ~40 18 [EERAE -0.46 0.182  (-1.13,0.21)
40 ~ 60 20 [EERE -0.40 0.210  (-1.04,0.23)
60 ~80 17 EEER -0.33 0.347  (-1.01,0.35)
80 ~ 100 18 EERA  -0.37 0.277  (-1.03,0.30)
>100 13 RBERE -0.51 0.211  (-1.30,0.29)
AR 15 [FEHR -0.35 0.984  (-0.61,-0.09)

DI, 4 BR[Oy [t Pl R 1) W 0 ) AL
AR ST A AR A 5 R TR A X 38 ( <200 ,200 ~ 400 mm
H X K2 >400 mm Hh1X) 432 3 AN X AT W40 53
Mro Hodh K B <200 mm Hi DX 3 AR AR ) A
KICHRIA 3R (FR2 W3 11 f128) (£ 14),
i Meta 4387 (38 14) K& B, 1% X 380 A AR ARG X 20 ~
40 em [ HEK o 1 AR B B REAIRRLN , X
oAt 45 )2 e o & ity ARG AN

%2 i M AR R B 200 ~ 400 mm Hb X A
M) SCERE A 1455 (2 .5 ~8.10.12 ~16 .23 25

K14 FEWE<200 mm X EART LK S HMPER
HHE

Table 14  Basic characteristics of the impact of shrub
planting on soil moisture in the regions where the precipita-
tion is less than 200 mm

HERE RS B £y P 95% E {7 X [H]
(em) piized RN fE

0~20 13 EEEAR 0.0 0.903  (-0.72,0.82)
20 ~40 8 BEHLEBIR  -0.30 0.559  (-1.29,0.70)
40 ~60 8 BEPLEIR  0.52 0.319  (-0.05,1.53)
60 ~80 8 MEEE  0.92 0.098  (-0.17,2.01)
80 ~ 100 8  [MEEA  0.72 0.177  (-0.33,1.77)
>100 5 FEEBR 0.28 0.663  (-0.98,1.53)
ik 50 REERE 0.31 0.573  (-0.09,0.72)

£ 15 EFETE 200 ~400 mm 3 X AT T35k 5 A
EARFFE

Table 15 Basic characteristics of the impact of tree plant-
ing on soil moisture in the regions where the precipitation is
between 200 to 400 mm

HHRE R B b P 95% B X [H]
(em) e QAL

0~20 34 FEERE -0.23 0.353  (-0.71,0.25)
20 ~40 18 FlHLEIE  -0.65 0.066  (-1.34,0.04)
40 ~ 60 19 BEHLER -0.82 0.020  (-1.51,-0.13)
60 ~80 21 BEBLESR -0.58 0.072  (-1.21,0.05)
80 ~ 100 16 [EEfiR -0.53 0.149  (-1.25,0.19)
>100 16 BEERE  -0.59 0.109  (-1.32,0.13)
LIATN 124 BEER -0.51 0.797  (-0.77,-0.26)

R 16 FEFETE 400 mm LU i X ZE AR + 87k
B AR

Table 16 Basic characteristics of the impact of shrub plat-
ing on soil moisture in the regions where precipitation is
more than 400 mm

THERE AR B ey P
(cm) H# R (A

A )

95% {5 X 1]

0~20 24 [EEE -0.10 0.742  (-0.66,0.47)
20 ~40 29 REER -0.17 0.605  (-0.81,0.47)
40 ~ 60 26 BEEE -0.46 0.208  (-1.17,0.25)
60 ~80 14 EEER -0.22 0.565  (-0.96,0.53)
80 ~ 100 15 [EEgR -0.35 0.341  (-1.08,0.37)
>100 13 FEERE -0.33 0.409  (-1.11,0.45)
ik 121 [EER -0.25 0.977  (-0.53,0.03)
M27), i Meta 7387 (8 15) R IZ X BHEA

FEATL AT 1 K o S A, LT 40 ~60 em 1Y
TR A R W B RRARAE T, X AR A2
K o BRI A 3

F 2 R R AEFER B 400 mm DL F b XA
FEAAH O SCER L 8 55 (4,17 ~19.20.24 .28 Fil
32) . it Meta 7387 (£ 16) KW, 2% DXCHIHE AR
A5 K A B BRI B A B 2

3 4 it
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