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FEIR , 3 =38 7K 435 file | DT 7™ S BELASHZZ DX A4 25 R e 52 RV MG 555 7 B 0 el sty . AR 52+ e g XY 7 P 0 9
WA, S HOR R AR 2R g IR, 30 A A4 2 - K S X 5 B 4 CSWDI( Compared Soil Water Deficit Index)
FREHE A K A3 AN T B85 PCSWDI( Plot Compared Soil Water Deficit Index) #EA7&E E AL/ 51T, & A& A TARB I FETE
ANIRIFERE 1) 3K 4y 5 e, o F7 2%  LLLAs AR st PCSWDI 43 513581 0. 65.0. 62,0, 62, 133K 73 5 B 8, L HSE 100 em
PITF )25 I BB R 76 523 PCSWDI 235125 0.38 F10. 17, 7E 100—200 cm + 2 H —E R BERIK 705 B (EARRTHE % )
FEbR Hb K 43 B9 75 B AR TP AE 20—100 em X — 2, 100 em DL T U BE R BB AN FEAR ;0—200 em +)2 N, R bk 25
A R T % SR L T 25 OK 43 i, HLAE 0—100 em P H3EOK M —E 4 FT, CSWDI Fi PCSWDI REAG B0 BRAS ] )2 IR AR
iy =3 K A A 5 RO, T [ — b DX ) K O A 2K K 43 o 1) 2 s Ak AT S5 A
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Soilwater deficit under different artificial vegetation restoration in the semi-arid

hilly region of the Loess Plateau
YANG Lei'"*, WEI Wei'"", MO Baoru’, CHEN Liding'

1 Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences, Beijing 100085
2 Graduate University of Chinese Academy of Sciences, Beijing 100049
3 Institute of Forestry Sciences of Gansu Province, Lanzhou 730020

Abstract; Because of the semi-arid climate and water scarcity in China’s Loess Plateau, soil water, the effective water
source for plant growth, has become a key limiting factor in vegetation restoration and ecological reconstruction in the
region. However, these activities without an appropriate scientific guidance may result in excessive water consumption and
soil water deficit in different soil layers, which in turn restrict significantly the local ecological restoration and environmental
enhancement. Quantitative evaluation of soil water deficit and its profile distribution based on local rainfall and soil water
condition is the premise and foundation for proper vegetation restoration and sustainable ecological development in the Loess
Plateau, and therefore is one of the top research priorities at present with both theatrical and practical significance. In this
study, we selected a typical semi-arid loess hilly catchment located in the Dingxi city of Gansu province, China, to quantify
the response of soil water deficit to different artificial vegetation restoration practices. Soil water under different vegetation
covers including Platycladus orientalis, Armeniaca sibirica, Pinus tabulaeformis, Caragana korshinskii, Amygdalus
davidiana , Medicago sativa, Populus simonii, Solanum Tuberosum, as well as abandoned land and natural grassland were

analyzed based on filed sampling and laboratory test. For comparison purpose, the background soil water content was set to
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the value of natural grassland covered by local climax community for a long period. Next, the Compared Soil Water Deficit
Index (CSWDI) and Plot Compared Soil Water Deficit Index ( PCSWDI) were calculated and analyzed to quantify soil water
deficit degree and its profile distribution with different vegetation types. The comparison result shows that soil water deficit
appeared in all lands with artificial vegetation covers with a different degree except Populus simonii forestland and Solanum
tuberosum farmland. In addition, it was found that all artificial vegetation covers had low available soil water storage.
PCSWDI of Caragana korshinskii, Pinus tabulaeformis, and Armeniaca sibirica forestland was 0. 65, 0. 62 and 0. 62,
respectively. These three vegetation types have led to a serious deep soil desiccation especially in soil layers from 100 to 200
cm. This soil water deficit may last for a long time period due to the fact that water is hardly recharged below 100 cm by
rainfall in this area. Soil water deficit was also found in Amygdalus davidiana shrubland and Medicago sativa grassland
mostly in soil layers between 100 and 200 cm. However, soil water conditions were favorable compared to those in
Caragana korshinskii, Pinus tabulaeformis and Armeniaca sibirica forestland. Soil water deficit in Platycladus orientalis
forestland was found mainly in soil layers from 20 to 100 cm. Meanwhile, soil water content increased in the layers below
100 c¢m with a decreasing CSWDI. No significant soil water deficit was detected in Populus simonii forestland, abandoned
grassland, and Solanum tuberosum farmland in top 200 cm soil layers. The results showed that soil water in these lands
could be quickly replenished, especially the top 100 e¢m soil layers. Results of this study also indicated that the CSWDI and
PCSWDI were capable of reflecting conditions of soil water deficit in different soil layers and plots. They could be used as
quantitative indices for soil water deficit analysis under different vegetation covers. The results of this study suggested that
for sustainable artificial vegetation restoration in the semi-arid loess hilly area, proper artificial vegetation types should be
selected based on rainfall and soil water conditions. In addition, optimal control of density and productivity of vegetation

community and adoption of effective management practices must be employed.

Key Words:; semi-arid area; the Loess Plateau; soil water; soil water deficit; vegetation restoration
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1.1 WIS

WFFE XA T H A8 E P T e MV (N 35°457 E 104°30") , WIS A 16. 1 km? , F-349%4K 1900 m, J& #1751
T ERE A+ ERARIX, FFHRIR 6.8 °C TR 152 d, 4 H B4 2052 h, AFH K 386 mm,
BEREARM D W EZE DA 79 Ay, HZ D REMIE RS, W EZE K i 1439 mm), 457 25 40 X 0 22
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2% ,THREE 1.9, Wids Bt —, HIELIE A Lo AU R AIG, IS, DU SR R A RAR
FER VA 285 A AR O 3| BB A W Fh 28 K5 8 (Stipa bungeana ) F§i % ( Leymus secalinus) | B /R 28 Ji I 46
( Heteropappus attaicus ) 55, N T A8 8% LA 8 7€ B 7% ( Medicago Sativa ) | ¥7 5k ( Caragana korshinskii ) | 111 7%
(Armeniaca sibirica) M ( Platycladus orientalis) iHI¥A ( Pinus tabulaeformis) 55 4 £, K /0 5 20p0 S+
SRS AR 20 K - 7 2 XA SR AL s 2 R R
1.2 BdlEgk

MRAIEITFT XN N T A8 8% VK & 47 0F F e ;€ U5 10 45 , 1k HBCA A 2% M 1% 00 A bR Platycladus orientalis
forestland | LLIAY AR H Armeniaca sibirica forestland  JiH ¥A MK HL Pinus tabulaeformis forestland | i N 1} Caragana
korshinskii shrubland . 111 BBk R Amygdalus davidiana shrubland 481615 15 5. M Medicago sativa grassland
F/INHA Populus simonii forestland #RHE | FF LR #FPE 5ic 5L Abandoned land , A& 52 i Natural grassland 1%
Hib X 32 T 2 A T4 R M Solanum Tuberosum farmland YERNTIR (K 1) . /NHAZ T 1960 4T 1R, Fp
FEAEFRZYS 50 a, MUAR J0AS (LAY T 20 HE28 70 AEATFAGFAE , FIAEZY 40 a #7257 1984 AEFMAE , PR AR FR 25
a, IEBEFIAE 30 a, SEAEE 15 T 2003 AFEAAE , FAE AR IR 6a, 48 55 504 2003 AR BFLUG 85, KIRRLHL N K
SRAE K B AR REYE 3T 50 a INTA AT RV ESS BEEE TR 3

IR IIR ] ThetaProbe MI2x -3k /s 52 , I 5E AT 2 5 HE Tk AT ThRsE . T 2009 4F 4 A4
510 AJEA: 2 JAXE Rt T e, R R A 200 em, £ 20 em JUE 1 K, BRI EZ M 3 A B E I BCF
PEAE RIZ LR T O K (% ) o DA AR AR 11 Y04 8K 43I0 2 25 R 00 7 S (B Dy iZe b b+ 380K
I3RS EPIRZS | TR DX ] — A i SIS TR A [ el 2 [ ) i - 98 7K 2 S A0 DRI T[] — L 40 238 20 IR 4% A
25 J2 1 HEE KR BB AR 2 R 3K 0 & i AT AN [ R R S A ) 0 eI . 220 i
SE VT K 2 PR FFRLARIESE TR AT B AL DU 5 1 8K SRR 2 AR MR, FH [R]4p 7K kSR A% 8 5 VR TE T S92 1l
ME ) 254 H 3R BRSO IR S K i (PSR 6. 5% , )Rk i 23.7% ) .

F1 HEHERER

Table 1 The basic features of experimental plots
HH AT IR WepE Berm) s M4z wE AT Kk ki kL
Vegetation Elevation  Gradient Aspect Height DBH Density Bulk density Clay Silt Sand
type /m /(°) /(°) /m /cm /(#/hm*)  /(g/em?) /% /% /%
Gk it 2116 36 90 1.41 - 1400 1.27 5.45 84.78 9.76
Caragana korshinskii 2084 27 78 1.14 — 1900 1.11 5.05 87.30 7.65
shrubland 2052 32 180 1.02 — 2300 1.10 5.47 79.46 15.07
2021 32 180 1.28 — 1900 1.14 5.40  78.41 16. 19
2209 35 330 1.05 — 1700 1.23 5.53 83.59 10.88
2064 27 276 1.21 — 2200 1.26 6.92 75.73 17.35
LI e 2160 24 123 3.13 19.29 1400 1.17 5.18 76.89 17.93
Armeniaca sibirica 2026 19 320 3.30 20.20 1200 1.20 5.03 82.02 12.95
forestland 2025 16 325 2.56 17.06 2200 1.04 5.71 79.43 14.86
A 1976 23 359 4.90 25.29 2400 1.08 4.94 82.10 12.96
Pinus tabulaeformis 2008 22 340 4.43 21.56 3100 1.05 5.95 77.92 16.13
forestland 2038 7 345 4.65 23.10 2400 1.01 5.48 81.69 12.83
UIER 7S 2019 23 174 3.82 11.25 2000 1.08 5.57 78.49 15.94
Platycladus orientalis 1988 25 149 3.15 10.15 2000 1.13 5.03 82.32 12.65
forestland 1953 24 150 3.53 12.95 2100 1.16 5.43 80.51 14.05
ITEEY: v viil
Amygdalus davidiana 2209 9 330 1.98 — 1100 1.06 5.07 84.71 10.22
shrubland
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LeRe i) R 5353 1) W Mtz I RE Hiki Fhi Bk
Vegetation Elevation  Gradient Aspect Height DBH Density Bulk density Clay Silt Sand
type /m /(°) /(°) /m /cm /(¥k/hm?)  /(g/em®) /% /% /%

H A B 2123 11 90 — — — 1.26 5.24 83.12 11.64
Medicago sativa 2165 3 96 — — — 1.18 5.69 85.26 9.05

grassland 2107 14 45 — — — 1.12 6.33 79.08 14.59

2140 8 90 — — — 1.23 6.21 79.98 13.82

2076 26 288 — — — 1.16 4.71 84.20 11.09

2142 3 165 - - - 1.22 6.13 77.22 16.65

TR pcih, 2144 14 100 3.59 12.10 1600 1.15 4.50 84.80 10.70

2 ‘;’; ':fﬁ;;mm 2057 10 210 3.59 12.00 1800 0.96 3.6 76.25  20.14

P8 2189 2 65 — — — 1.14 5.42 83.00 11.58

Abandoned land 2179 2 65 — — — 1.06 5.90 83.81 10.29
2167 2 330 — — — 1.04 6.01 84.66 9.33

2187 6 330 - - - 1.09 5.60 85.86 8.55

Th AR A iy 2116 2 175 — — - 1.12 5.63 84.92 9.45

Solanum Tuberosum 2088 2 8 — — — 1.05 4.66 80.74 14. 60

farmland 2172 2 65 — — — 1.09 5.86 79.73 14.42

KARFEHHb, 2169 12 330 — — — 1.01 4.84 75.66 19.49

Natural grassland 2068 9 1 — — — 1.05 6.22 81.77 12.01

2128 2 270 — — — 1.16 5.92 83.73 10.34

2201 25 150 — — — 1.14 4.35 84.92 10.73

2211 23 163 - - - 1.20 4.26 86. 83 8.91

2079 14 295 — — — 1.21 6.37 77.53 16.10

1.3 8K HIX 7 Gl P ik A

FEANTRIRE B 367K 535 e s AR RIF ST T, 222567 DL 3T R X 42, SR - e 18 5 AN o
FREVER H A ROKA 0 F R B A EE T 3T AR Sy AL PP A i s B A2 AE 1 T LA FH i) K
FAZREEAE R A ROK 0 1R BR M8 T @ Ay BT febn . A L DAAEREST S A vk 7E £
5K 435 Wi 00 7 AL VPAS 7 TR TR R H A AR W B X L N | B A AR A AR M A2 5
K g — e LA 3 [R5 K & 0 HOE 32 Bk A N TR 2 3, B RS 1R 5 [E] 45K B 22 18]
(7K G375 B — A Ry T R T IR RS MK 43 5 70 R 35k T A 2% A S B g F v 4 A
FE o EIAES R LY T R RIS VE N 2 IR ST R R R B A - K o 5 Bl G, IO T R B 9
B DX 28 AR IE PR S KINAR A AR VR, K A AR IR T 45 2R | B S e b 1 388K 43
M SUG DL, BIFSE X MBS ATy | 22 4R AR 150 BT R Z8 M AL | FELA B R 1 DX AR Y R A
W% . ABEFEARIEA P E U SAE R R A SR GE IX P 6 B KSR B AR SRy % IR, DU 273 - 8 &K i
VE R Z: B8 AT A [ AE 8 PR S A - 387K AR 75 R ) LS RIF S

55 DA BT FE T I0K 435 SRR EE R PPN g LA BEARE L K A3 RR 2200 5 A T K A AR R
HFEEL CSWDI( Compared Soil Water Deficit Index ) g f P AN W] 1 )2 K 43 A% T X6 BRAE M AR 75 SR PR BE
CP, - SM, o
CP. — WM

K, CSWDI RS @ 12 LK N5 8E i TR i L2, CP X IAEHLAS ¢ +)2 LR, SM.h
FEHOES @ T2 RHERAE WM DR ZEIREE . CSWDI ] B s A b - S35 T B A ) 2 K 38K 3 AR 5 kAR
JE 3E TSRS ] 2 30K 5 5 SRR FE R PEH . CSWDIABRR , 3R W% )2 137K 43 AR X BERE b 75
SRAR BB A CSWDI/INT 0, s AH LA 387K 435 i, S et 138K 4347 Firkb 78 5 45 CSWDIL R T 1,10
RUNZE T HOK S AR T ZE A, KI5 ™ 8

CSWDI 38 T [Rl— e AN 8] 2 Z (A1 0 FO A, St A T A [R) R 1 22 ] - 338 /K G ARG 75 R B (6T L, R

CSWDI, =
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T MK A G CSWDI R T b - 8K S AR X 75 k454 PCSWDI( Plot Compared Soil Water Deficit Index) :
i SWSep, — SWS,
= SWSecp, — SWSwm
PCSWDI = l; (2)
A, PCSWDI Syt 35K 50 A X 5 B3 K, SWSep, Xt BBEEMLEE @ + )2 H A5 /K & SWS, N EE LA
A JZE LIEAK G SWSwm Sy P ZE0EE X I Y TSR Rk AR S LR B, PCSWDI 38 ] T AN [A) A 4t 22 (1]
IR G AR BE RS LG, PCSWDI{EBCR , e BAE M 3K 3 A 75 SRR LB s 45 PCSWDI /T 0, ISR
FHLETT & BRI Frsh5E
i A sr BT AN R B 52 AR 2 K IR SR T - A R K S RIAR XS 5 B R R . 4 RIS K&
A0 P TAIRE 7K R 2230 B 22 ), A A 80 K o 5 385 K A T U8 2238 B s 1 F R K e g3 o0, 2
HTEOK o Paig, AR R BRI
SWS, — SWSwm(SM, < FC)

ESWS, =
SWS,. — SWSwm(SM, = FC)

) (3)
ESWS = Y, ESWS,
i=1

A ESWS O LA KR ESWS, N3 @ L JZAT UK &, SWS R F )57 7K B 0 17 St /K B FC
PR IEIER Y S 8
PARSR A R B IR, oK AR5 B (DSWS) BR8N -

DSWS = iSWScpi - iSWSi (4)

2 HRELSW
2.1 N[l R B R SE A SE A K T £ 3000

1 R AR LSRR 5 5 BB, TR g 2500 5 0
th BB TR B AL JUA TR § 2001 T oo [
IRk sy 5 i, Seb ks i ik B 00 (BB OB 4 B 8
HUHTTE 200 em MUK RE R 50 mm A0 B soo [ BB BB fy B E‘
&b e B K B 017, 219% 18, 17% | 18. 25% A ort8 &N 53 BN LN 8N h§ B§ 8
20.21% , FHOKAT TG B WEBABARG KRG >0 | -

K 44.6 mm, F 75 A 3K 53 5 SN AR R B
SEEBRAG R 5 H A TR HE MR AT L, B3 RSB B 0—200 e
IR IR B R e, R T e v T R AR M B1 FEEWEREEkS
TR AP, i B 3 T AR AR B iR DL S 38K 4 e TS Fig. 1 Soil water storage of different vegetation types
B —ERERMWE" BT X A K A Kz
B SRV 3. 59 m, FEIM04E 12 em, HRHAE 1K 50 a, 2B K B H R AR )2E + 850K B BeA R I T
FEVER  EA FEM AN SRS T A EL A R 0 3K o7 i, 38570 5 b R B 44 S8 b A7 S5 A BEVE R R
B S0k N NN S WA N (1Y a1 D 2 P 1 w7 € el = S =1 12 N o = e 3 e . 2 M ok 2 £
Rt 7K i i) A K R 47.95% F149.80%
2.2 AR AR E AR K AR ik

Kl 2 FORANFFEHEE A 0—200 em T IEK AT 7 SR AL, Bl 2a T LU Y, 49 5% | LA R0 A ARk
CSWDI T 53 ATFRHER A ARRL, 137K 5375 R E R 3R 2 32 B S IR T LAAR 140 em DLR Y980 ™8, H
BETREE (3 T AN, 100 em LLF fe A ™58, CSWDI 2355 0. 75, & 2b S b 2 3ok
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B H 120 em LUF WA ,40 em &b CSWDI 3531 0. 86, 13 /K - P 2218 B, 40 em LAF 3K 375
TR R D o Y R P A L 3 R T IAAAR R A AE 0—90 em + )2, JLHIE 40 em +JEHHIR R
OI AR AR PO A AR 2R 43 A REAE (X 3 — J2 UK ) - K A0 SR Z0 A T AE , B - K 4 5 B X
— BT E IG5 — T B ANAR A oA T B, R PRERST5R A 2 - 2 R RS, — B
AT SR )E Kk, I B D 3K S AR X T R R AR CSWDI BT EE XS i 34, 100
em LU HJRBOHTVE (05 SRR A HAT A% RS (IS A MIRIAR S . WS X E S PR A 6a, 7E 200 em
JEC i B R Ky b, BB IREE MG T B e AR R R MR Z K A T AR M LT &
J2 42 A BHERZ I, B B BT, IR o & e, RHEOK 1) 7 i R A R AERZE . ikt 1
fitt 7K BB W AR5 6, {3 100 em DL R AR R IR K 43 75 BRI 4, FR L AT DA 1 50 44 44 Ak i 0—
100 em HHEIKAFEA PRI ,100—200 em 3K 5377 SREFR L, B84 S0 RIS 5 B b ) - 38 25 5 433l
9 1.08 F11.05, - Busias FI TR AE, I EH [ S22 0 T a5 TR REAR , 158K oA AE =A%, BT 105
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®2 AEETEAEER PCSWDI
Table 2 PCSWDI value of different vegetation types
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