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Fig. 1 Soil salt content and its vertical variation in soil profile
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Fig. 2 Contents of major cations and their vertical variation in soil profile
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Fig. 3 Contents of major anions and their vertical variation in soil profile
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Fig. 4 Soil pH and its vertical variation in soil profile
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Fig. 5 Soil ESP and its vertical variation in soil profile
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Table 1 Correlation analysis of salt ions in soil profile
EcEiN "
cor HCO; cl S0 Ca™ Mg™ K*+Na®  Total salt pH i
ESP
content
cor 1.000
HCO; 0.196 1.000
cr 0.592”  0.091  1.000
SOy 0.018  -0.034  0.197 1.000
Ca™ -0.199 -0.075  0.013 0.851"  1.000
Mg -0.158 -0.144  0.099 0.895"  0.877" 1.000
K*+Na* 0.418" 0.418"  0.666" 0.4977  0.120 0.202 1.000
EcEiN 0.3017  0.259"  0.436" 0.918" 0712”7 07537 0.763" 1.000
Total salt content
pH 0.547"  0.5777 0.298" -0.494"  -0.497" -0.549"  0.277 -0.167 1.000
WAL ESP 0.6817  0.292" 0.648" 0.027  -0.071 -0.065 0.546" 0.281 0.632" 1.000

T MR MEAE0.05KE T BE; MR MEAE0.017KFEF B E Note: * Correlation is significant at the 0.05 level; ** Correlation is

significant at the 0.01 level

RFEMIEMCEKFR, Hh 5800, K'+Na", Ca™

Mg A OC R g, Ho22 ik B3 KF, 43l
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Ca® . Mg® Em H /Rl E8E 7. +
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Bt EE AR COy . HCOS A B & | Tk
ER . TIERALE X 5C02 . pHZE ik WK
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JEEBEZETCOT AR, XIS B
SR
25 EWIELESBEFHNEERT

WiFXFCO;", HCO;. ClI7, SO, Ca™. Mg™.
K'+Na*, &#hit. pH. B4 10448 i k4T 3
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ZH X AR w ARG CEEASEITE ), IR AR
I3 5 A AR bR AR OC R B IR R sk R KT
85% . A KT 1A M5

SIMTEE SRR, B3 BN TR KT,
B B RS = BT B RREAE 5 B 4.04
3.59F11.13, FrXd i i 77 22 BT R 2 531 140.43% |
35.87%M11.34%, FitJr 22Tk 387.64% . £ W]
T34 32 A2 i B T DR 1O AE it 145 B v G 446 AR
g%, BUREAUH12.36%.
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TR BR S pHAN, 5 AR AR O IE 1) g,
HH 87 — T2 B A3 R A8 4 1T Hb 2 iz 1 X+ HE 1 R 51 1k
AR . A T8 IR R B /INBE S AR I b S WZHE AR X 45
TR TTER R, B EA (%2) kA, 5
B — M E VIR . SOL, MR
SHIN0.244 0 0.225, WX LA B S R4
RN R EAAG, BT AL A R e T EhE ik
RIERfLRERE . EAbCa™ Mgh\ K*+Na™ 75— &
A3 B4 R A i e LA A v A TR AR . BROEE — R
SR T IO RGN F i 4dh i . S0 . Ca™,
Mg™ . K'+Na* 6 FIEH .. 58 EMa KT
A, COT 5 pHE A B IH A AR 5 57 & 1y 2
BIEMX, 155 F2E0r31°80.247 . 0.220. i FpH
S LR IE B EE R —, MTCOT AU ER
BT, ACVE T A, X AR
N e R B A, RIS
SRR ER T IR RRE . 5B R BART
10 s 4G R By COT HpH 24 FRIFEH . 5 =
F AT, HCOSMZ M &, RIEAMAHG, B4R
0°00.730, B THCO & T3 SO e iy — K43, I
PLEER = F 5 M el 7, AR
RBRCOT 5 pHAE + HEmk b A5 1F 5 22 5 7 2 by 3
B 7 A RO . 25 = E R T 104 IR A6
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Table 2 Rotated Component Matrix and Component Score Coefficient Matrix
PR 1~ iy A WA B U
Rotated component matrix Component score coefficient matrix
EI1 E 2 ERI3 ERI FEr2 F I3
PC1 pCc2 PC3 PC1 pPC2 PC3
Cco;y 0.348 0.790 -0.255 0.086 0.220 -0.225
HCO; 0.242 0.466 0.828 0.060 0.130 0.730
Cl” 0.468 0.573 -0.501 0.116 0.160 -0.442
S0y 0.911 -0.388 0.019 0.225 -0.108 0.017
Ca® 0.729 -0.551 0.077 0.180 -0.153 0.068
Mg™ 0.779 -0.548 -0.027 0.193 -0.153 -0.024
K™+Na® 0.743 0.546 0.053 0.184 0.152 0.047
i 0.985 -0.025 0.136 0.244 -0.007 0.120
Total salt content

pH -0.150 0.886 0.273 -0.037 0.247 0.241
BRALEEESP 0.363 0.762 -0.171 0.090 0.213 -0.150

W RIHCO; IR T RER . ik, M6 T8
b 5545 R A B0 A e WA R, DR b i

SO;". CO3 . HCO;. pHYENHBFsE X Ehmifb + 5848
BCR B A 4 AAE TR T
3 3 o’

T pH. BB AN, iR
R b AR AR AUARAE , R X Bl ek
RS A AR . S8t il 2 R FR R AR
M BEHE X 2 —, Bl VE I AW 0, IR
R AL T BUR G I, © I B R AR &
Jig R T A PR R, BT, 7T T R R Ak g
FRHDKA]. W3R fk2E . R EWERE, A
DX 3ol AR b 14 7 2k AN TR RS A ol R SRR, EUS
TR RIROCR (B3 2 R 32 B T X R S is 78
MR IR . AR, W RSP 1
AL TR, 0~60 em T2 T B +
JZ IR BRI AR, 60 ~ 120 em +)2 14 Eh H B
T )ZTRBERE MRS 0, RS B 2 R BRI R B RE
HE, HIE R F LN K E, BB LSOk
E, XA AR T X T 4
—F, WGRREL S ZEaE Y RIS KA
TR RBWEIRIEA -2, FLR R i T U

O] 2% = e N 1 QO [ e 8 2 [ T
FUIK 2SS AR AE, S RZBONhEISR AL S, X
g 1 A HE X (T4 R

F R ST T B — Rl 2 AR AR AL DB
MNEBAERRIGE T, REUE 1A TR
PRI R RIS, BAA E WA ZEEAR
M2, BERTRE L M B FORTEAR (5 L, R—
AR AR, R —FhER A MM I L .
UEAESA, I F AT 7 i, X b R Ak AR
JE 2RI R A A LR R AL R O 1)
RBFSE, HRAS T R . XUREIESE 0 T ik
BFSE T H S & 2 S ik L A dh i | pH LR
SYE TS R s kIR A AR T %O ik
RS T B = £ YN 3t DX LY M e+ S 5 AL AR A
X 1230 X A R 20 TR L B 3 AT T B
Figbk Y TR T R MR AR A S
HUERBRAL AT ;. E T 12 RIAZ 7 o e gt
LA DX T VA — A 20T = A N g R A AT
PEATIRSE s 22 4Rt kb - S 0 % T i
RS T 37 380 5% 1L PG S0 P AT A 0 R AT 5 5K
LN RN TR = R R iRl S
AR b 200 A s B AL R4 | pH O RIBR AL
JI£ 64 28 1AM AR RRAE 5 ol ARG - 0y AR 4R 4 1
FHIZ 7 B RFFT T WA 55 SR AT 4 i A S 43 4
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F10MEPREA TR B S 2, AE B UER X
S b R DR AE A B RE O . RIS LG T2
TIERALE, R oA SR I B

4 4 K

W X 42 IR b R e, BRI R
BERMERENIE., 0~60 cmT )2 HESEIER T
JEURBE G mmikEfL, 60 ~ 120 cmi}giﬁ%%ﬂﬂ
i = 23 R B i B o 0 T rboR] R 43 B
PINa'+K" N3, HKZECa™; BT LSO jy}_
HWEHCO;, SO, K'+Na*, Ca®™. Mg &5 +
Herp b RO R BB T ARSI, A
- JE FE R R AR ) RN TR et
SO¥ . CO¥ . HCO;. pH. WFFE4s 0T i 45 i
ER B A 2l B 5 R DA R X 38 A S BB AR AL B S
WA

2 % XM

I O =5 v R = A 1 L R e B = I | S Rl 5
A E R AL, 2005: 5
Xu H G. China’s saline vegetation and saline ecological
governance (In Chinese ) .
Science and Technology Press, 2005: 5

[ 2] BfEe, BB, AR, 55 8B LHhrmir s
T2 AURNOC R, 15, 1997, 29 (6) @ 326—330
Mao R Z, Tian K X, Song B C, et al. Salinity of

Beijing: China Agricultural

saline soil index and its relationship with the chemical
composition (In Chinese ) . Soils, 1997, 29 (6) .
326—330
[ 31 Bk/ih, ZE5HK, JAMESE. B0F9H =AM U L b /M F5 Ak
GrHT. EVPEE, 2004, 24 (4) . 442—447
Zhang X Y, Gong J D, Zhou M X. Analysis on
characters of soil salinity in Ejin delta (In Chinese ) .
Journal of Desert Research, 2004, 24 (4) . 442—447
(4] BFEEW, R, F£29%, 2% WXt .
F AT RNA B R A AU, 2011 (1) -
92—93
Hou Y M, Wang G, Wang E Y, et al. Research of
causes of land salinization and analysis of treatment
scheme of Hetao Irrigation Region (In Chinese ) .

Modern Agriculture, 2011 (1) : 92—93

[5]

(6]

[7]

(9]

[10]

[11]

[13]

35% XU R, By,
TR B R A R A T
(12) : 161—166

. HETFTANN B OIS
Ak T 224, 2009, 25

Wang J, Liu X N, Huang F, et al. Salinity forecasting
of saline soil based on ANN and hyperspectral remote
sensing (In Chinese ) . Transactions of the CSAE,
2009, 25 (12) : 161—166

Eldeiry A A, Garcia L A. Detecting soil salinity in
alfalfa fields using spatial modeling and remote sensing.
Soil Science Society of America Journal, 2008, 72
(1) : 201—211

KR, EVUHTRLEE - RREKE, T, 4F. TRIXE
YN - g A AR R R EOE AT A ST AR,
2009, 18 (5) : 1822—1829

Zhang I, Tashpolat * Tiyip, Ding J L, et al. Qualified
evaluating on salinization degree by the remote sensing in
the arid oasis (In Chinese ) . Ecology and Environmental
Sciences, 2009, 18 (5) : 1822—1829

Cai SM, Zhang R Q, Liu L M, et al. A method of salt
affected soil information extraction based on a support

vector machine with texture features. Mathematical and

Computer Modelling, 2010, 51 (11/12) : 1319—1325
TR, e, BOEHT, S RTENE BRI B

AL T RIXBRS 35, 2007, 21 (4) .
117—122

Zhang H, Yang J F, Zhang G X, et al. Analysis of
salt dynamic characters in saline-sodic soil sections
(In Chinese ) . Journal of Arid Land Resources and
2007, 21 (4) : 117—122

SR, T, BETERALE - REOF, AF TR XA
LN R B AL AR AL 43 BT —— LA T — 23 = A
PR, Tl 2R, 2007, 16 (4) : 34—40

Zhang F, DingJ L,

Environment,

Tashpolat Tiyip, et al. Analysis on
characteristics of soil salinization in the arid regions: A
case study in the delta oasis of Weigan and Kuqa Rivers
(In Chinese ) .
(4) : 34—40
B, XA, Bulr, & BT R A
L T AR S SR RO . LR,
2008, 45 (4) : 594—600
Yang F, Deng W, Zhang G X

Acta Prataculturae Sinica, 2007, 16

, et al. Spatial variation
of soil salineions and its relations with vegetation
community of Phragmites australia in a saline-sodic
soil (In Chinese ) . Acta Pedologica Sinica, 2008, 45
(4) : 594—600

P S e e A A L AR 0. 1983 1—40
Office of Soil Survey of Yike ZhaoLeague. Dalad Banner
soil (In Chinese ) . 1983: 1—40

wf . LR, dbat: T E R AR AL,

http: //pedologica. issas. ac. cn



1418 + % 2 Eibd 53 %
2000: 152—200 Chinese ) . Agricultural Research in the Arid Areas,
Bao S D. Soil agricultural chemistry analysis ( In 2004, 22 (1) : 165—171
Chinese ) . Beijing: China Agriculture Press, 2000: [21] ZW, EEF, PIEM, & SRR ER ETS
152—200 (EES i T iﬂ& i, 2007, 38 (4) : 653—656

[14] sk, SBMhie - FRFE, KRB, 55 3 Li B, Wang Z C, Liang Z W, et al. Distribution
FHLAEXT B AT 09+ 2 X A TR B AR AL . e characteristics of ions in sodic soil and correlation
i, 2012, 49 (4) : 681—687 analysis (In Chinese ) . Chinese Journal of Soil
Han G H, Tashpolat * Tiyip, Mamatsawt, et al. Science, 2007, 38 (4) : 653—656
Characterization of soil salinization in arid area based on [22] Z/BNI, EZE, EHfsE Hof s xRS+
canonical correspondence analysis (In Chinese ) . Acta HER PR LR AR LB, 3, 2001, 32 (1) :
Pedologica Sinica, 2012, 49 (4) . 681—687 4—8

[15] F35, ks, WRIRVL. R T X N A Y IR Li X G, Cui ZJ, Wang L Y. Properties and genetic
ey R R TR B AR Y. R EAIR, 2010, 47 mechanisms of the secondary salinized soils in Jingdian
(3) : 422—428 Irrigation Area of Gansu Province (In Chinese ) . Chinese
Zhao X I, Yang J S, Yao R J. Characterization of soil Journal of Soil Science, 2001, 32 (1) : 4—8
salinization in mudflay of North Jiangsu Province on (23]  AKEL “ BRENHR” R X ER s KR ig B ad
canonical correspondence analysis (In Chinese ) . Acta PSP, bt PERLFER, 2014
Pedologica Sinica, 2010, 47 (3) : 422—428 Zhao Y G. The process and mechanism of integrated

[16] ZE2EdE. fafefbas. dbat. mSF20H AL, 2001: effects of plastic mulch and buried straw layer on
213—278 soil water and salt movement in the Hetao Irrigation
Li X H. Soil chemistry (In Chinese ) . Beijing: Higher District (In Chinese ) . Beijing: Chinese Academy of
Education Press, 2001: 213—278 Agricultural Sciences, 2014

(17] EAz, B4, E5, % RS A R SR [24]  Z=52. 52T T 25 DB 3E il 8] 4 56K 3642 B8 AL AR O
bt - HEER B AL AR, L HEEAR, 2015, 52 (3) - FE WPRERE . NEEARIRS:, 2008 40—47
706—712 Li L. Study on the transport of soil water and salt
Wang HY, Li H L, Dong Z, et al. Salinization between irrigated land and saline land in Hetao
characteristics of afforested coastal saline soil as Irrigation District (In Chinese ) . Hohhot: Inner
affected by species of trees in afforestation (In Mongolia Agricultural University, 2008: 40—47
Chinese ) . Acta Pedologica Sinica, 2015, 52 (3) . [25] @Ak, PZEd IR X ek £h 25 (B AR SR ot 2
706—712 M PEALIE RS, 2008

(18] ZUGRE - WA, I, Wiga. BB R Kou W. Study on spatial variability of soil water and
A N HRE AT, TR KRR 58 salinity in He Tao Irrigation Area in Inner Mongolia,
2005, 19 (1) : 149—153 China (In Chinese) . Lanzhou: Northwest Normal
Aahmat * nayup, Li W H, Xu H L. Research on University, 2008
distribution laws and features of soil in middle reaches [26] #2580, &B, KM, ZREF W00 L HAEL
of Tarim River (In Chinese) . Journal of Arid Land AIEEIETE PR R TR R (B ARBEE
Resources and Environment, 2005, 19 (1) : 149— ) ., 2008, 34 (2) : 203—206
153 Zhao Y X, Zhao K, Shen Q H. Multi-factor principal

[19] FER, EHA, TR, & P R0 X R components analysis and its application in study of
Pel - R S B FAHOCHERF AT, 14, 2009, 41 (4) . ecological environment (In Chinese) . Journal of
664—669 Southwest University for Nationalities ( Natural Science
Guo Q E, Wang Y Q, Guo T W, et al. Correlation of Edition ) , 2008, 34 (2) : 203—206
soil salt Tons in orchard in semiarid saline regions (In (271 WKZRIL, #Shn. B = A P HE X 4 38 5 fh R AR
Chinese ) . Soils, 2009, 41 (4) : 664—669 LR mER . TREXERSHE, 2007, 21

[20] XUgEiE, ¥rdst, ©HF. KEZML LR (11) : 106—112

B . TR AR BTSE, 2004, 22 (1) -
165—171
Liu Y F, Jin M G, Jin Y C. Principal component

analysis of soil salinization in Yanqi Basin (In

Yao R J, Yang J S. Analysis on salinity characteristics
and profile types of saline soils in theYellow River Delta
(In Chinese )
2007, 21 (11) :

. Journal of Arid Land Resources and

106—112

Environment,

http: //pedologica. issas. ac. cn



6 1 ST MEAE . A R IR R AL R 1419

(28]  FugAk. Lo b ek i i Ak S i or o b, RE g salinity characteristics of takyric solonetz in Ningxia
P, 2008 (6) : 61—65 Yinbei region based on principal component analysis ( In
Wang H L. Principal component analysis of salinization Chinese ) . Agricultural Research in the Arid Areas,
abandoned farmland in Gong—he Basin (In Chinese ) . 2012, 30 (2) : 39-46
Grassland and Turf, 2008 (6) : 61—65 [32] A%, iR, VP26, S5 7 E 510 X L e
[29] TEIH, HPTHHE - FRKFE, Sefhf, 4 B IIRAE S ARSCHE AT, R RIS AR, 2012 (6) -
B XE TRHE . TRXEES S, 2009, 17—23
23 (12) : 183—187 Fan L Q, Yang J G, Xu X, et al. Salinity
Wang X M, Tashpolat » Tiyip, Chai Z P, et al. characteristics and correlation analysis of saline soil
Analysis on the characteristics of ions in the typical in irrigation area of Ningxia (In Chinese ) . Soil and
salinification area of Xinjiang ( In Chinese ) . Journal Fertilizer Sciences in China, 2012 (6) : 17—23
of Arid Land Resources and Environment, 2009, 23 [33] lvmusWl - IR, KREIER - wkREE, T,
(12) : 183—187 S WA R R B R R AT, TR IX
[30]  ZAfnt R - WA, HRAE - fROREE, LRI RSB, 2012, 26 (1) : 169—174
IR SRR, AL R PG AR b g AR S R AE Gulgine - Halmurat, Muhtar - Turhun, Yu K,
HEER2EATSE, 2010, 23 (6) @ 774—781 et al. Analysis on the characteristics of saline soil on
Mamattursun * Eziz, Hamid * Yimit, Anwar Mohammad, Kashghar River valley (In Chinese ) . Journal of Arid
et al. Characteristics of soil salinity in Lli River valley, Land Resources and Environment, 2012, 26 (1) :
western Tianshan Mountains (In Chinese ) . Research of 169—174
Environmental Sciences, 2010, 23 (6) : 774—781 [34] SRR, T LIRS £ 34 1E 8. T
[31]  skiRM, FEERGE, WIfE, %% ST Mo drm T 28 S X b AFFT, 2013, 31 (5) @ 196—200
At X fa 20+ R 2 RRAE AT OE . TS X RO AR5, Guo S'S, Wang Y H. Salinity analysis of sandy soil in
2012, 30 (2) : 39—46 Ebinur Lake basin (In Chinese ) . Agricultural Research
Zhang T B, Kang Y H, Hu W, et al. Studies on in the Arid Areas, 2013, 31 (5) : 196—200

Characteristics of Salinization of Deserted Farmland in Hetao Plain, China

JING Yupeng' DUAN Yu'" TUO Debao' ZHAO Peiyi' ZHANG Jun' LU Suanzhu’

(1 Institute of Resources Environment and Detection Technology, Inner Mongolia Academy of Agriculture and Animal Husbandry
Sciences, Hohhot 010031, China)

(2 Bayannaoer Academy of Agricultural and Animal Sciences, Linhe, Inner Mongolia 015000, China )

Abstract [ Objective] To explore characteristics of the salinization of deserted farmlands in the
Hetao Plain. [Method] In this study soil samples were collected from the farmlands and analyzed with the
classical statistics and principal component analysis methods for total salt content, pH, anion and cation
composition, and distribution of alkalization degree. [ Result] Results show that the abandoned farmlands
in the Hetao plain were mild to severe in salinization, with soil salt content, pH and alkalization degree
varying between 2.80 and 6.69 g kg™', 9.20 and 9.69, and 10.97% and 33.33%, respectively and distributed
similarly along the soil profile, that is, accumulating in the surface and bottom. The salt content decreased
with soil depth in the 0 ~ 60 c¢m soil layer, increased with soil depth in the 60 ~ 120 c¢m soil layer. The
cations in the soil profile were dominated with Na* and K* while the anions were with SO;". All the salinization
indices, except soil pH, showed exiremely strong spatial variability. Contents of SO;", Ca’*, Mg™ and total
salt varied sharply from soil layer to soil layer.The correlations of ClI” with K* and Na* declined in significance
with soil depth. Soil pH and alkalization degree were significantly correlated with the content of CO3". Principal

component analysis shows that the total salt and SO could be used as diagnostic factors of soil salinization;
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while CO3", HCO; and pH as diagnostic factors of soil alkalization in this research area, explaining 88.74%
of the total variance. [ Conclusion] Therefore, it is quite obvious that the deserted farmlands in the Hetao
Plain are severe in salinization degree, and it is essential to lower soil salinity or alkalinity, regulate soil
ion composition and improve soil structure during the soil amelioration process. It is expected that this study
may provide certain theoretical basis for ameliorating and utilizing salinized soil, and improving regional
ecological environment of deserted farmlands in the Hetao Plain.

Key words Principal component analysis; Abandoned farmland; Salinization characteristics; Hetao

Plain
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