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Spatial heterogeneity of soil salinity in oasis at catchment scale
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Abstract; Aiming at the problem of soil salinization existed inside oasis, a case study was carried out on the oasis at the
Sangong River catchment. Spatial variability of soil salinity in the topsoil (0 —20cm) and its relationship with landscape
structure were studied with the combination of methods in geo-statistics, GIS and RS. The result revealed that; on
catchment scale, the spatial variation in soil salinity was best fitted by exponential model , with F-test showed high level of
confidence. At the spatial case of 1. 5 — 15km, variation in soil salinity showed strong spatial correlation and self-
correlation. Mapping of soil salinity by Kriging and comparing it with landscape maps showed that area of soil salinization in
old oasis is smaller than that in new oasis, and degree of soil salinization in old oasis is also lower than that in new one.
Among all landscapes, cropland was mostly affected by salinity, with 38. 8% of the cropland in new oasis moderately
affected by soil salinity, and 8.54% in old oasis.
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WEH R RAEER G R R RERN = [T, B MG LR, 2% K SCEA
HER AR Y FEE D TR T ERER, T AU S A R R B RS A AR
FHE , T ELRES A SRR = IR R X AR A R S TIRR M . B 20 HH4E 70 454K, T T I A L3R,
RERMNERERERUMA—ERE—IREARE" ", HEEROREURE, LEPEE R ET 1K
K5y, 2GS YR T, Tk AT R S R R BRI A R RN kRS
BRI R RS FAENED, REZWR LR T HER/MRE . HEERAREILAMFRX EEAE
AREREZ— HERCEIBH SN RESREANEERR" , Rt ERI0E AR REE T #
ARG I TR B R A R R ET IR, RE I WIRA AR A, HEERR AR RERREEZ —, 5K
TERREFEAWATERE, — 5 E RN R R RN SRR, B E S T AREIFERT
EHFE M, FEARRE EFTFE HRRER 2 R R, A OUE FITF T TR A AL /2, T BT T %
PRt AN B A BB E L Y,

AT GE T4 R 2, 2 BRI R E SR FRR 0 ~20cm 138 & H 8 /2= A 7 R HERRE, B
HZE TR RUR T 13 == ) 0 FARAE , LUBSE S 89 T S AR S L 2R, ARSI AT Z2KE
PR BRI MR
1 HARRBFEABRARFTZE
1.1 WXL

ST T RINICE S BAR S, B /R A %, HALTRE 87°47' ~88°17', b4 43°09' ~45°297,
TE EEFEE EMNERT . MEEHARIU—HILERSmEER, LR /R, F 205 /RIE
HRDEA TR, ZXFaEEs0 5850, ILETRE R 7, Bkl X BIZ 7, JLE TR 2 A
XM ALER L ETHAFBRTTRE X B 565 1Y 22 AR ULRE IR BE e — 2ok, JUAR T 400m BL E AR Y, B
T AR SRR 43 R AR LU X ER i X R AL R Y X = R 30T, Horp, R XA A SR X . B
FE X R AR 969. 11km” , 3 B2 phy LU HAGUARHT AT T 7K %8 1 78 DA R 40 5 5 X 4 A, o L B4 J IX A
M KR H R A BLRRTH O R R B 5 R % 2 W , AR R B AR A, TR R B 4RI 52, Tl
LR X FER I EUR RN E B R R BAL R E BRI, 1 I R R, AT B R G T
1960 4, Sk LB T TR X, 24 FHERE 220mm, ZEFH[E 6. 9C, BEFHERE D
1817mm,

1.2 Bk
1.2.1 kiR R HALH

TESHEHR

TEBTE XN BORAE A, RS RO B AR 23 1+, R A28 ek R S R R E , 3R &
TR 308 A, BB EE R 0 ~20em 12, B RH B BIRR A GPS B & AL # % , R [A] g 2005 4
10 A ], A TR , ZEF A TIELES, 1I3|HN IWERE, RENFEMFEEREN, HANR
T, 8w 5t 2mm FEE &, IR B ERHIE 155 JOKR I, I E KB 5% EC,, , WEHESH( 1T
RN AZESHT Y —F , RAERSTE(LAK 1:5) #E TR TANR, TR AN LIRS &,

okt VRSt S 6

2005 BB RIBHE K5 535 (2004 4£ 6 H 12 H, 43882 10m ) spot $41% ) ,7£ ERDAS IMAGINES. 6
ST HEAT U IE A 2 e BERl &, 458 (X3 2005 4F 1:50000 KR 1E DL K A% FIRYR PO, JE 2314 GPS Efir
P2, BRFR BRI PEEDY 15m x 15m, i ILRBCH BT R WK B HHE . BRUSKREESELE
T A BRI B SOR AR BA B 28 E X, IR 4E KA B B S5 A E KIBR KEL,
FEBREH N AR FEAMD R 8% AT Eh it Bt  GUE I PR 2K AL . W ArcView
GIS3.2 BEATRUIRALERYSETT, JF7E R Spatial Analysis BEHUSZHF T HEATHRHI Z R TG
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R+ S B RS RA T G0k 3055 7 ik RIS GG 4 250 b R R R 1) %2 8]
AT, BT R AN BB A R 7~ R 1 A B 7 25 W) _b B 2 A AR SR ARPALE , T EL BB A5 70 SO R 2 IR A SRy S A 7
WS TRERIRE I

Xt T2 AR R BT G T A R RBCR RN Tk, v KIER 2(x,) Fl 2(x; +h) I EFTTH)
e, KR R, FEAN"

N(h)

v(h) = gxcay & o) = 2(x + W)’ (1)
K, r(h) AR EEGE K, BN &R S A0 23 181 R BN SO et 47 2 FE A E 1 42 R R B
B N(h) RIEFREERS g h B BORE S E2(2) F 2(x; +h) A3 BIRZER Z FESAIALE M« +h ERBE, 4
ERHRR XM FAHER , FEESER N B EUE, @ RIS ER, RS, KK
RI43LA 1. 5km K ajEE, B 1.5,3,4.5,6, -+, 15km, 3t 10 2055, 15km /N TFRE & B A BE B B9 (40. 89km ) fy—
2§ I HAREARIRIBE7E 28 5 R AR AR (2. 49km) Z W, FF A MG TT A AT BEoR . SE A Y LA B, = T
B RS B SRR 5 R AUE 538 B B (Exponential model, AR 2) ML SRR BRI, IBEUHEEK)
AR T LBE B 3a, MBI —I AN :

() :{0 h=0

C,+C(1-e™) h<0
K, Coyk&(H (nugget) ,C HHER
I R E RPN 27 7 AEY LB Sk th B B (DR, TRE RS R, B EAE Al B A E
SR, ROEK AR A R S s 2O R, T AR

z[r<h> Ok

R == (3)
 Lr(h) - r(h)1?

(2)

R, r(h) Sy SEbRAE 5 R ECE A
st FUE R R LKk, EIRBERA A 4HE, WFREHT B8 F Rk, FRERERBWETEN:
. (4)
1-R* k-1
A,k g EEER T 5 A B EN L R e BB
SEBR AR S R BUE r (B ) FIES AT W 5 IR BUE 7 (b)) X EFRAFRZE , 22 F 75 Al ( Residual Sums
of Squares ,RSS) , B}

RSS = imh) (k) 1 (5)

RSS 2x} BIHEAIH#T B E MR E ES4, HBUEAUD, B LR NE 5 B H&RE, A thES
AUty T

TE ArcGIS H Geostatistical Analyst 348 IF T, R EE Kriging i {E % ( Ordinary Kriging) 3£47 +
BEHR RS, Kriging B0 BN K& T ELZ —, BRARZN R lH S #1748 TR
BT, HEEWT .

2(x) = 2A<> 6)

AH,2(2) 2w REVETHE, 2(x,) BEMR v, KERE, n BAERRFEANEREE. n (EETBIHHE
FRN, M ERE L . NEINERE, HIBT Kriging WHEFIBRNS RO BEERFLEFRERTE
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HHEELWEAE: OFERZE (ME) 8 0; @¥ 5 #1222 (RSME ) # /)i 47 ; @ F X345 1 2 (average
standard error) #3145 HR ; @R 4L S 75 18 ( standardized root-mean-square prediction error) ##3iF 1, fE{EH KK
15 B A RIS AT A , R B B AR A 1R 2 (ME) f1¥ iR iR 2 (RSME ) BN T

ME = L3 [a(x) - 2(20)] (7)

n =1

RMSE = \/%2[06) - (=) )* (8)

2 BRESH
2.1 HEFBREBHWREET T

XHBIFEX 308 5 0 ~20em HREFHBHITEBEIT 0, IHHEESI TR 1. R TUR
H, X RS R BN ERAH BN Z 5, NS EBRRIERE , RERR/IMER 624 15,24
HIEIE A 6.23g/100g, N EH BEMMERE , AKX Bk ER TER LRA(FHBRT 0.4¢/100g) , KA -
EREHBFARRMAZM RN AFHERRR, 25 KRB R AR BB R, AR EZ X
BHYE . A RHE <10% , A BA SRR s 5 X HAEFE 10% ~ 100% Z 8], W38 B A w458 B B9
A A S B HAE > 100% , MG A R A AR E . SRR HESHERABRNE HERYE,
1A R TR A A AR R EOR BRI TR T ST XA R B4 e SR 2 SH0TE 3R R O 2K S PR L R A
BB RFLZER . FENIESSHRERR AT R TERTRR G, (S BE A& EES RN, %7
AR BN AR B EL IR o ABFS R A AR Kolmogorov-Smimov i3 , HAERFZMHAA &
ERE . WMRMETTSESHRRBNER, L2 2R RPN ER, TEZRATES BB,

F1 THSHBHBHBELT RESIHRE
Table1l Results of soil salt content for descriptive statistics and K-S test

=¥ WE PrAEE ERAK B/ME BXE Trst B K-S{E
Sample Mean SD CV Minimum Maximum Skewness Kurtosis K-S value
308 0.9344 1.23 1.53 0.01 6.24 1.84 3.37 4,228
2.2 +HEESHENHRMSEIT ST 0261
TRENESER LR EESRRERE L .
(R)ER 2% (RSS) . 7R (Range) ARG (CIE 2
o BB RO AR AR N R 2 R 2 .
MAWKEAETRERN R Rk, R EHERRES §
FIBEHI AR AR . BB R/ NE B R E I MR 0w w0 s 150
R SF R X, YRR F R F AT 8 #4 Separation distance (m)
ZIKF a(0.05 8, 0.01) 5 5 HER f 1iE FEH, H Bl BARERASBHESEREMEE

1@&@?% ;%% SL s fiZT«‘T//‘ZE Uﬂﬁﬂ’f/ﬁ ﬁﬂl@ﬁﬂ Fig. 1 The semivariograms and it’ s theory models of soil salt content

FxFEEX ", BEAR () B LR Ep, ol e

WA R RHE, SR NR RS, IR LS

BB AR A AR AT B (8 1) I R BB SRR R B A BT, AR G) AAR

(5) B BPE REE K, J 0.758, 2 F BN, K 0.0011, F 8 (AR (4) HEHRE) BIRE

KT(F22) , BUHIELL R AR AR 17 00 R B+ B O B RO AR E , 3 EL A SRR B0 B 7 X o
IS T AN, HR S V2 I 5 Rk A B Z WU AR B R 4Y, B AR 5B 4 (SH,, ) FIBEHLER 43

(SHy) ,SH, 1 SH, BI85 28 5 UM T & B Ako B 28 1] E AR 25304 B AR i 2 IR 53 ik SHL, B F i S

¥ r(h) 5 XRZS ML RR o TR P, ZE R b Fep R, I BEALER 4331 A 09 25 A S S i SHL, i
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BA/hRE LR, LAY R/NT R RE ERAER B, B B3R (H (Nugget) CoRm . WBGMEBOR, U
KHRB/PRE ERERESTERAA BN .. SHRY CEahGWEERFIIENERSE, R GH
(Sil) G, + CERRGENNEER. REESHEEMILE(C,/ G, + C) LR EMMEXEER A& IIE
<25% , UL B SR EL Y 2 IR AR S s B K HABTE 25% ~T75% 28], W BEHA BLA v 4o B B0 25 TR M o ks 5 1%
HoAE >75% , MIBEEA S M Xt 3 o RS KR b, HIR S Eh B2 0] ERBERLAE 0 9. 3% , M 7E
1. Skm LAFE/NRE ERRENIAESR: SHBR A/, 7L 1.5 ~ 15km B R b, B 25 18] H AE 2R 5| AL Y 2 by 428
5 SH, ik 90.7% , W AYCHFEREAN RE b HIEE B = WA R E 2 b o RUE B/ B A GRS SH, T,
FHAZE ERABRKERMEXE. IMAR SRR ERBAEL2MFS, DEEAER bnE ., 58
AR 3 B A R AR P B DR s, BE AL 1t R R B TR G A - 3R A\ B S5 A TR B 5 0O T B 75 3
HERBH= B RN E, BRENERE LMEXT BN, 588 P9 X 38 Bl (R 76 :36. 98km, BidL:
30.92km) Z N, ZEBSE R E E RAA R,

£2 ITREUBTRAVELEISYNEL F RH
Table 2 Correlation parameters and F-test of theoretical variogram models of soil salt content

iR kel EAHE kel EeHE TR SHE WERE  BETHM F %
Theoretical model (Co) (Co+0C) (Co/ Co+C) Rang( km) (D) (R*) RSS F-test
5 B A Exponential ~ 0.0233 0.27052 0.093 2.49 1.92 0.758 0.0011 103.71 % =
# % 2~ a=0.01 JKF F 58K B E K, significance at oo =0. 01 ( F-test)
2.3  Kriging 1 {H 5 R AR E 38 XEIE ®3 FEESETERITISH

HSETHEVRIBE HT Z 0V ER LA Table 3 Interpolation results of soil total salt was tested by cross-
MBI B, X R R R 1T A Bl 418, 45 validation analysis
FOEW T RSB , A5 KB AR /MBI =, LA BERE  WURRE CPIREE RELYTR

ME RMSE ASE SRMSE

EEriE Rt R == B e, S He A BT
BAERSHEHRE , BBEAR(O) X HIEFTHE
HEAT kriging 75 [ E{H , i A5 2] L& B 1 Kig 5
MARCE (E 2) . BEAK(T) MAKX)HE T HEREMYFRIRE (KR 3) , HERER/D, NTFHEKN
0.1% , 55T 0, KA FMEL SR ER L 99% L b, Fa ¥ 5 1R iR 2 5 PR iE 2 B5E , bRtk B9 ¥ 5 ik
0.95, ZRFXW, AR PHERWAZLRIESHHAE T HERBEER(E3) , BEMAAHERS T8
IR
2.4 RREIEEMSEDERZENRR

XY kriging 1 EE HEATEITFR 5, RN 4
NEF AR <02, /EWERKES) ; BE4k(0.2 ~
LO fEAEKBE LX) ; hE#4(1.0 ~2. 0, /A K
BER);BEHELQ.O< EMEKEREREX), R
HHRXRNEEE (B 3) 5HSEN L ESHEX 4888755565 -
oyl (8 4) #7sREm, B iE LS 8r P 45 7 ] West to east (m)
XIBFEMF MR (F4) ., BRI TR, B4
FBEW LA 73 76% B LR RS L M, Fop Lo POURERAARMSRAEE

Fig. 2 Predicted map of distribution of soil salt content in the studied
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AF TR T AK AT 0. 09m, I B4
Wit KK A7 TR, BEW T KDL 4 297t :
7. 6mg/L, M EWH T AR LBEEMAR 2.5 L
mg/l, MG HETE, LRIAE 44.67% (L Lodearevre

T

L

BPRBE AL, Sl LI ERULY 55.33% , 3% @

AHAH 39.21% 5 HHE R HRBLK R, TiE 5 M N

X e KR E RN M , Hrp ep S A 24k M

b+ SRR FTE I AT AR EG 36. 81% , MWL AT m

BRI , B B AL A PR3 T AL R K R

2 BTG L BHE 70. 2% i+ 332 B LAk '

M, #ﬂ%‘f%ﬂ‘”ﬁ:f@ R AE R T B, %‘f%ﬂ‘”ﬁ: B3 WaRXSENEmsEE

HisRA 38. 81% + M T A 3% 3 o i Eh 4k LA R YE R BP Fig.3 Distribution of landscape type in studied area

et K 2B AR X, TR o (UH 8. 54% B 1#Hb Cropland; I AT458 Ariicial forest; I A48 Shrub-
TR R, BT EEWHEERE TR ey lnds V2 Grascland; V A Construction land; VI 7
Q ¥ it} % 7J( ﬁE'E :‘fg it} % 7J( IJj ﬁ it} ?E M :El}\ Fﬁ ﬁ: B(J 38 /K FE Reservoir & Flood land; VII £:5# Saline alkali land; VIII
82.19% KRR, (0 17. 81% Tk

SR X A W E F A AT R T K U T KRB .

% "i‘{iﬁ 5

BB 58.76% , i Tt Hu 7 WE K BT IR A I B9 22 NS

N
e AT B SRR A EFRROTEVRE I ERIRS) oo S\ \
@'Iﬂfo Soil salt content WE\:{ : \f\\{,

P <02 e

2.5 X455 0 mEmEE R P& 0.2-1.0 T
1.0~2.0 SRRN

HT TREBAEEAAAORREER, BF2  — N
e BEAWAR S

>z

BSEX LR R R A R, RIEATREM -~ dreawn /

BB B L BB AR, AT M . BT X B ousis and old m/ i

25 OH T AKFIIER, £ EAHE 9 DT A LI HA TR

16 1 7K 60 B 0140 AT 8088 , Bk 4 103 T K e e
M7 OAKHSREESGH X, KRN BTSN B4 FRRIESHBSRMHE

X #1203 T IR BB T KK A B Fig.4 Distribution of soil salt content in studied area
BHUT KA B T K BRI  E A PR R T
7K pH B 7 A B R AATHRAEIIT (Pearson MK MR R) , HERINER S P, mRS WEIAH, K1+
R SR I A PR AR R BE N TR (a =0.01) , R0 R HE R IR TR0 2
FRAEEMEMN, R AR, TRATRST’RD, R ANER, RnbRs TUES, £
BRI B AT 53T AOK DL Z IR B — RSt , Ul KIS T SR , BRIt T AKOK A2 K B R)
B, W R R B H R B A . SARSRHERES, TR S T K LR SRR, F B 53T
KEBEEE B E AR (o =0.05) , 338 b+ 5530 T KA (B AT 7K R B IE B9 <
e, B TRBERENRMGEERN M BEZREKSOMRATT, BB SREaal, 5 Bor Ke
G, EFAEEAFR T KR SE s, £ ARSI T B3 T KRS L1
MXRUELERHERORN HIRY, KSR E R, FRENHERTIE, SMEHRE HERE
0 R 1 il w7 e Ry e (S
3 WigS5gER

MG F R R AR — AR TR, B A5 2 S8 TR 2 B2 R E
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E P23 B Jog T o o ) R JRE 0 2 [V e B G A R A , 72 2 07 22 PRI L A B B 8 |, 3R Kriging 23 [R] A ¥,
BB SRR AR B T ] BB AR E . ZEVCEERE b, \TAE— B i R AR SRS R WA <
R, GIS MM F IS S EARE FRFAE R AR R E RS E SRR e RHEWET, =
THHRIEERIR 0 ~20em HRENDFHEEH B =R RAE, 2 BETH T AIES iR, fi
RELETESEBFEESHH, HRSEBHBRNESB/MIMER R, ERAYE 1 UL BTRERRE
B, @ X AR O R R T RIRVEE A, Rt X A, H3RE A8 1R R R B [F], IR B A [ B PR R
B, X SR A RREEEFEH.

£4 FREFALBEHBSRMBRLBRHXR (kn?)

Table 4 The area of distribution of soil salt content at various levels landscape types in the studied area

<0.2 3l 0.2~1.0%#HHk 1.0~2.0 2.0<
RV R i e Pt B
— Non-salinization Low salinization Moderate Great
Landscape type Position s .
salinization salinization
A
Bk ¥ I ﬁﬂﬂ 87.45 142.16 62.27 1.55
Cropland Entire oasis
Z 5 Old oasis 87.45 63.8 12.76 1.37
FréF M New oasis 0 78.36 49.51 0.18
AT BN
Artificial forest Entire oasis 0.46 2.6 11.9 0.04
Z 43 Old oasis 0.46 0 0 0
it New oasis 0 2.6 11.9 0.04
FEAR BN
Shrubbery land Entire oasis 12.32 59.08 32.13 23.22
Z 43 Old oasis 12.32 16.63 23.51 20.71
FréF M New oasis 0 42.45 8.62 2.51
A
i B I ﬁﬂﬂ 102. 88 128.6 42.06 11.78
Grass land Entire oasis
Z 43 Old oasis 102. 88 88.52 17.5 6.04
it New oasis 0 40.08 24.56 5.74
> AN
Eﬁﬁﬁﬂ" B I ﬁﬂﬂ 34.69 19.12 5.02 0.11
Construction land Entire oasis
Z 43 Old oasis 34.69 7.4 1.14 0.07
it New oasis 0 11.72 3.88 0.04
YibE g BN
Reservoir/Flood land Entire oasis >-18 12.89 >-81 2.2
Z 43 Old oasis 5.18 5.92 5.34 2.24
FréF M New oasis 0 6.97 0.47 0
i BN
Saline alkali land Entire oasis 3.08 4.1 11.81 0
Z 43 Old oasis 3.08 39.56 1.02 0
it New oasis 0 5.55 10.79 0
Bt BN
Bald land Entire oasis 8.2 66.38 28.97 0
Z 43 Old oasis 8.2 1.36 0 0
it New oasis 65.02 28.97 0
£5 WRRIBHENSHSHXERAXEXE
Table 5 Results of the Pearson-test for soil salt content between different factors
HWERE R T KA BEMT KT LE  BERHTKREE
Altitude of Shallow groundwater Shallow groundwater =~ Hard water degree of ﬁﬂ—FZkHPH f i%f]\fl‘ &
landform table mineralization degree shallow groundwater p
-0.804 ** -0.284 -0.097 -0.438"* 0.267 -0.649 **

# ;a0 =0.05 KEAEXEREFE  Correlation is significant at the 0. 05 level; # * ;a0 =0.01 KFEHXMER BFE  Correlation is significant at the

0. 01 level
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E SR, TRFHBEMTERN A =R EW AR, BT SR 80RE, RA R
B9 22 1] AR G, BB SR ER B R R B AR AR 1. Skm BUF/DRUE _ ERIBEHIAE BV, W7E 1.5 ~ 15km B
REE bz a] B AR ISR R ik 90. 7% , T LUAHZERARE LSRR FZ Y., 85
FRAAZET L A AR AT T

Kriging $e{EL ] B 3 R B ) 45 SRR B, S L A BRI (RS X, 765 )b REB R A O BRI SE R B
TEEHBHEERE, ERFRERARET L, HBESEBHOTHSARAAAZ RS, B R 8 S
HhEmIESW X ZHAEAR TR LEE/DNTIERHSN , FEMEANXEER I HEEFWEX,IFH
FERBE R AR R T2 U, R A, Bk WS B B S AU PR R 38 T A R WK &, BT AR
B,
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