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Impacts of changes in land use on groundwater
recharge on Baicao loess tableland

HUANG Ya-nan, LIN Guo-wei, LI Zhi'
(College of Natural Resources and Environment, Northwest A & F University, Yangling, Shaanxi 712100, China)

Abstract: To evaluate the impacts of changes in land use on groundwater recharge ,we sampled 10 m soil pro-
files under four types of land uses (farmlands, apricot orchards, apricot-caragana intercropping lands, and apricot-
alfalfa intercropping lands) on Baicao loess tableland. After determining the soil water contents and chloride con-
tents in soil water, we quantified the land use change impacts on groundwater based on some indices including soil
water content, water storage, desiccation, and deep drainage. Different types of land uses have impacts on soil wa-
ter with varying magnitudes and depths. The averaged soil water contents across the 10 m profiles were in the order
of farmlands > apricot orchards> apricot-caragana intercropping lands >apricot-alfalfa intercropping lands. The two
intercropping lands with apricot had soil water contents that were very close to the wilting point in the 0~5 m soil
profiles, which subsequently resulted in moderate or even severe desiccation. But, the desiccation was alleviated
with the depth, especially in the soil of 5~10 m deep. The deep drainages of soil water under the four land uses
ranged from 8.8 to 13.6 mm + a”', accounting for 4.0% of average annual precipitation. Since the changes from
farmlands to other types occurred within last 10 years, the impacts of the land use changes on the groundwater re-
charge were not significant though their effects on soil water contents were large.

Keywords: soil moisture; land use changes; deep leakage; chloride mass balance method; loess tableland
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7K 53 A5 5 M0 26 W D% b 7K A8k 25 e R A g SE ot
WA B0 e im 52 e O S i 0 Ak R 5 1
Dl T /KRR Y84k, Rt 8 Bl 7 ik 0 A 1
85 &5 e 31 i I < T S R L N/ N e o 1 D )
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H & E T & F ¥ ( Chloride mass balance
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1 BRI S5 0T5E07 ik

1.1 #FREXER
RRAFEERmEERE ST REAR
P (36°11' ~36°13'N, 105°04’' ~105°06'E) , J& &
FNAEPEIC IR & X AR K & 270 mm, 43
R 6.4°C A3 H IEITE 2 613 h, 4R S 5.79
x10° J « em ™, AR 2 920.5 °C , HEFHRAE 1 600~

1 700 m , Hb 3 ph 25 ma ) P9 AG A4S}, 3 B H 0] 3 AN
51 IO AT AR IR D) B A, YR R v RIR A R 4
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WAEFEE T BN EET) KK B S R
) Th 22 3 b KR RE BT 1 B A B R K M 22
SR = O 3 e = U By A e ol 1 I
F 0 U L AR R 2 (Rt SR A L
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Table 1  General information of study sites

T A

A ”
L eV G =
VEN i
Present land Years of Longitude and
Old land .
use type o tvhe present latitude
1€ OPE T Jand use/a
e T . 36°11'08'N
Farmland 105°04'53"E
ki X P 9 36°13'44"N
Apricot orchard 105°05'07"E
AR | Fr 2k HL XN 9 36°13'40"N
Apricot-caragana intercropping 105°04'49"E
AHR | B AE L XM g 36°13'S7'N
Apricot-alfalfa intercropping 105°06'35"E

RN R R G — R SCE 548, T,
Note ; These land use types are unified in Chinese initials in the ta-

ble, the same below.
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— BB B £ 0 VBRI 2 B 5 Ay [ S 56 = A1 IR R
17, T HAS B, 50K TR AT .

SM = (a-1b)/b x 100% (1)

K, SM o RS KR (%) 50 AR
(g);b MEMETE(e) .

F AR & (SWS) K5 ki (WD)
B 1RALTE L (SDI) 3 AN HE 4R K 43T AN R = Ho A1)
T2t B A s AR AR

SWS = SM x SBD x h (2)

WD = (W, x SBD x h) — SWS (3)

spr=2" " 00w (4)
SSM - W,

K, SWS WD 43 5l Ry + A K =L K 4y 7 B
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(mm) ; W, W, SSM SDI 535\ H ] HE7K 1 )8 2508
JE A RE TR (RIA 2R S A R K R R AR
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ERARTIE X AR B AT R R R
SDIERIF/IN, B 4 356 T 1ALk B X 4y 4 g2,
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HEA( 1CS1100 ) M7 b3 CLUvREE

S T A R AR R A e T
(1) RAHAR ClME—R TR (2) CI et
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T ZE UL A 3 30 A AR Y R A 58 AR e - )
T 46 W A BB N 16 2E n] T 3z 8, DI X 7K 1)
iR
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o

KA, R A ZAEF M R KA B (mm - a™' ) 3PN
ZAEE K (mm - a™") 5 CL, A RETR A K 2 4F
1y Cl"?i?fﬁ(mg . L_l) ,Zl—‘ﬁ%ftiﬂ CI'¥kEH 1.0 mg
- Ll kR R HOK T CUREE (mg - L)
1.3.3 #ELAE  RIEIERH Microsoft Excel 2016
GeH AR AEALFE % FH OriginPro 2016 A2 il EITE .
2 R
2.1 8K EIEFE

B 1 A4 FAHE T 0~10 m +)2 3K 5
T BB, 0~2 m K4 32 b 6 78 & M
RSB RZ IR, P B PE K, O A ;2 ~5 m b
I FAAS A A 37K 43 A5 Ml B TR B 18 T2 4 it , 4
ABE L HEK 73 2R W R A AR | R Ak T
M EEH S K E AL EEIRE (4%) ;55 m
HHOK BRI R m s, T IL,0~5 m
Z A KR 5 ~10 m R A
I RZ AR X RN ZZ , KA IR AR, T B A 2,
AU H, R HA 3 R 3Kl 5
m DA IFURIR A2, 75 bRt RIS Ak || 9 4% i 20 B 7 O
m A7 m PUFYRE B A MK A AR || 7 bk
FURBEIRF 10 m SR ERAL , Ui 1R A 7 =00 +
HEK A BRI TR AN,

I 2 & 7K % Soil water content/%
2 4 6 8 10 12 14 16
0 T LS T T 1
g P01
g

1 J2 3% £ Soil depth/m

——F -—0-X —4—XN
~P>-XM  ----- U EE W,

1 AREHMFAAFTXTLERESKE

Fig.1 Water content under different land use types
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VEFIRERRZL SR 0T £k 4 C ik g g

EFHIAE 0~2.4 m H1HT, 2B HHOK M ET HL R 2
ZIETH A B bR 28 KRR W) 25 0 S5 1R L A
FU 0.4 ~5 m H KAy CL e BE (B Rl VR BE 38 ks T
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GEEITT CL e B AR AL PN B A B i PR 0
FRYE , WA R L KA R ERmEEL Y R
BT+ HOR AR AL X2 1 58K 4332 sh I RE i, 445
A%t R S KR R AR B 20T, e 5.8 m A
R KB AR S AN I LR B et S T
J PR TS AR A b AT PR A AR
|| 7 2R MRS AR || AE (K 3) 2 i 8.8.6.2,
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a4 RN 25 1A 00 o LU AR B R B 3.2%
2.3% 5.3%M 5.0% , F-HIE N 4.0% .

3 i SiTiE

L S A 3L TR A S 8 K 4375 e, b
SN DX K PG IR, N TR M PR AR 2R & 2 3 #E K
K, BEURE A3, AR ZR A4 52 el 3% 0 5, TR 2
B A R B R B R R O SO ]
WAaER, ARUFFE A+ K 5 R 10.3% , K5
RN T A AL & A A I R 7 205 ,0~ 5
m 1 TR 15 25 R 1180 A b A 0 AR R A R B, %o ] ]
IR A3 W U BE R DRIk 4375 Skt LR Tl sy 218.3 ¢
106.0 mm , A5 {b 72 B 76 b M Ak > 1 00 DX %) 3% )1 35
KRR IRIE X P E 55~ 10 m i) AR R A
FHBEGREE B 55 , 13K A Bk &L, He P s g Ak
AR || A7 561153 BI7E 9 m FI1 7 m R E B4 K
R || T 7 b L R KA 0, RUAR 2R I 7K i
JER R RZE R HOK B, ol WL, R
SO XK B ) AT RELE R A 4 S EE A

R2 BHEMAELETEKRSKIRL

Table 2 Soil water status in different layers under different land use types

LA T fil K A Tl TR
verage/ % mm mm egree of desiccation
LIVEN Average/ % SWS/ WD/ Degree of desiceati
Land use
type 0~5m 5~10m 0~10m O0~5m 5~10m 0~10m O~5m 5~10m 0~10m O0~5m 5~10m 0~10m O0~5m 5~10 m0~10 m
N 9.5 11.2 10.3 614 675 1293 45.0 535 493 751 585 1332 i ?\E ?JZ,:E
Moderate Slight  Slight
X 8.0 9.0 8.5 518 542 1063 37.9 431 40.5 847 718 1562 R UE
Moderate Moderate Moderate
R R i
XN 5.1 10.4 7.8 333 626 972 24.4 49.7 37.0 1032 634 1653 R %Jx T
Severe  Slight Moderate
R R i
XM 51 57 54 336 342 679 26 271 259 1029 o1 1ose B EE - EE

Severe Severe Severe
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- HE % /K 2 Soil water content/%
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+ 2 % % Soil depth/m

Cl /(mg+L")
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+ JZ VR % Soil depth/m

—@—F O X —&—XN —b-XM ----JEREW,

B2 AETHFAFTXTLEAS CIRE

Fig.2 Chloride concentration of soil water under different land use types

x3 ASHIEHSE

Table 3  Datas of unsaturated zone profiles

5.8 m LIF CI .
kP A PSS
T The average Cl™ Recharge AR

. Ratio in average
Land use concentration rate annual
ol
e /b(c o 5.LS-1H; /(- a”) precipitation/ %
mg -
N 30.6 8.8 3.2
X 43.7 6.2 2.3
XN 19.0 14.2 5.3
XM 19.9 13.6 5.0

FR AL P L 5K AR R RT A 270 mm,
MAFZE & SRR 1 6.5 A, T 5 A Bk 17 B
HB DX MK B EOIR B, 30 2 5 B0 4 5 FUAR S T 0
e IR BT BRAC AL AL 5 AR A
FT5AE 0~ 10 m 257 H B B K LB A A - Ak
WG, SO HIE AL E A Y 2 Fh R VEHLTE 0~ 5 m H 3]
FETRAE . MARROTIEA LK % S B 1 5T
PAFUWT , b4 A BT U AR AR 2R WK T B
EFE 2, i T R I /N TR s K A
PR, 2R AR TR AN, K B3R A RE )
KOS RIS 7, M X MK R PR T
KIHBIR ZAR KA O, 38 5 2 U 5 1 X A
K, W LRI AN 1 X TR AR

W IR RIE I R BT R R X K
oy FBR PR EEALS] R 2 Al B R
KT B, BORFAEW J1 R B 5 1% AR
We/NTFARZR A E LA A 1 K 5 5 B, E S
TBEAER WM, X TR ARSI, SRR

JE 1 B - K 3 R0 GRS ) A S R T ZE I Y
ML, PR, A0SR X R KRN B T K
W 2O T KA G AR RIXE, — D7 TH 4 FhR S
K FFEEK 5 HE N 1623 mm, #1XF 270 mm
FRIAT S5 R K i, BIVSE A T 4350 A 98t X DD A2 7K 43
7 i (T SR ZU ) 28 & AR AT B R 4 A
BIATREME E ) 55— 7 I, P8 XAE Y R K A 25
N 6.2~14.2 mm « a”' U AEYEKER 2.3% ~
5.3%., TSRS R 0~350 m, o] LIpH5 B
WABRIM FKRKTE S 645 a, B+ & i HAh
HuIX A AN TR ST R, 2T DX G 3 1R 7 AR 2 b
2518 36~67 mm + a”', TAEFER Y 5.8% ~10.8%,
5B IX R (ARG S 55~ 100 mm -
a )M B A B B H T KT 133~316 a, A
A B R /N T 5 X RR B ]

JUERRIFI 7 T H R KRG =R ] (H X
FEAFEH LR AR S 80, R TRk
FEHOK RS K, S B T RE, i 1
KB R BAT —E U R R 0, R, A e AR
A B TR A7 2% 5 7 1 R O 205 X A B
(AR ] BESS R 2 1k L R K2, a0 R 2% Ah 4
FIFR T3 =2 0 2 7 | R o b e 7™ S0 8 0 b R K B
4, BT, %X E A AE ™ 5 7K 5T R A Sk n)
KR EFIEINRTIA, WA+ R A
UM oA Sk 1) 7K B URR T I B R A Bk R, R
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