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Abstract: [ Objective ] The soil salinization characteristics under different land use types in extremely arid
regions were analyzed in order to provide support for the sustainable efficient utilization of regional land
resources. [ Methods] We used GPS positioning technology to investigate and sample the irrigation water,
irrigation drainage, and soil under four typical land use types in the area of Lower Tarm River in different
seasons. We combined those data with indoor measurement results to determine the variation characteristics of

salinity and salt ions in the irrigation area. [ Results] The soil in the study area was alkaline, and the salt type
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was mainly sulfate-chloride. The salt content was between 2.44 and 118.05 g/kg, and the pH value was
between 8.05 and 8.34. The overall changes of soil salt content and pH value under different land use types in
each season followed the order of salt wasteland > saline-alkali grassland > cultivated land and forest land.
Analysis of samples from different soil depths indicated surface accumulation of salinity in June and October,
and no obvious pattern in March and December. There was an obvious surface accumulation of salt in salt
wasteland and saline-alkali grassland in different seasons at different soil depths. Forest land had no obvious
salt accumulation pattern in each season. Because of the geographical location of the reservoir, the groundwater
level in the study area was shallow (1.4—3.51 m), the groundwater salinity was high (1.56—21.30 g/L.),
and the salt ions in irrigation water and groundwater were mainly Na™ and Cl~. [ Conclusion] The soil salinization
characteristics under different land use types in the study area were mainly affected by factors such as surface
coverage, crop types, and irrigation events. The quality of groundwater and irrigation water was an important
factor affecting the soil salt content and salt ion type in the study area. Certain measures should be taken to
control the groundwater level and salt content so as to protect existing cultivated land and forest land. The
irrigation and drainage water of high salt content from farmland should be discharged to the salt wasteland.
In the future, relevant research should be conducted on the spatial configuration of agricultural land and salt
wasteland, and the rational allocation of salt discharge land would be conducive to the desalination of farmland.

Keywords: soil salinity; ions; arid area; land use pattern; salinization; Tarim River; oasis irrigation area
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Fig.1 Seasonal changes of soil salt content under different land use types
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Fig.2 Changes in soil pH value of different land use types in different seasons
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Table 2 Loadings, characteristic roots, contribution rates of principal components at study area

EHWER FRs HCO; cl- SO~ Ca’" Mg?™ K" +Na®™  pH{f B FEOEE  TTHEREN
A 0.076 0.381 0.376 0.346 0.375 0.377 0.391 0.395 6.391 78.214
B s Z, 0.866 0.148 —0.199 —0.306 —0.178 0.241 0.061 0.029 1.207 16.758
- 7, —0.156 0.463 0.210 0.311 0.250 0.463 0.400 0.428 4.565_3 57.099
Z, 0.540 —0.011 0.481 0.404 0.428 0.029 0.276 0.232 2.795 34.937
A —0.048 0.417 0.387 0.042 0.145 0.478 0.446 0.474 4.150 51.877
o Z,  —0.670 0.337 0.230 0.067 0.591 0.023 0.129 0.117 1.990 24.876
Zs  —0.007 —0.104 0.318 0.851 0.169 —0.164 0.282 0.170 1.314 16.423
I 7, —0.121 0.403 0.387 0.235 0.404 0.459 0.399 0.409 5.943 74.282
- Z, 0.950 —0.060 0.215 0.099 —0.028 0.160 0.095 0.060 0.989 86.647
3 HRRIBHESBEFHEXREIER
Table 3  Soil salinity factor correlation coefficient matrix at study area
+ b A Y ¥ HCO5 Ccl S04~ Ca*' Mg?" K" +Na' pH & SN
HCO3 1.000
Cl™ 0.290 1.000
SO% —0.006 0.847" " 1.000
Ca*" —0.080 0.736" " 0.913% " 1.000
B s Mg? 0.018 0.865"° 0.927" " 0.902" * 1.000
K" +Na" 0.385 0.992" " 0.821"" 0.681"" 0.816" " 1.000
pH (& 0.237 0.972" " 0.924"" 0.819" " 0.914" " 0.961" " 1.000
BER 0.215 0.969" " 0.948" " 0.852"° " 0.928" " 0.956" " 0.990" " 1.000
HCO; 1.000
Cl™ —0.313 1.000
S04~ 0.544 0.392 1.000
— Ca{+ 0.323 0.626 o.834f ) 1.000‘
Mg " 0.460 0.541 0.658" 0.869" " 1.000
K" +Na'" —0.250 0.993" " 0.480 0.659" 0.546 1.000
pH 1 0.140 0.828" " 0.883" " 0.838" " 0.749" 0.868" " 1.000
ugN 0.057 0.900" * 0.752° 0.856" 0.727" 0.934" " 0.964" " 1.000
HCO3 1.000
Cl —0.521 1.000
SO} —0.470 0.722" 1.000
Ca®" —0.104 0.037 0.409 1.000
L Mg?" —0.687" 0.634" 0.465 0.292 1.000
K™ +Na®™ —0.115 0.889" " 0.672" —0.074 0.288 1.000
pH & —0.238 0.803" " 0.880" " 0.392 0.522 0.817" " 1.000
JusN —0.257 0.870" " 0.898" " 0.286" " 0.455 0.906" " 0.965" " 1.000
HCO; 1.000
Cl —0.321 1.000
S04 —0.105 0.881" " 1.000
Ca®" —0.079 0.548 0.433 1.000
Eh i b - . .
Mg’ —0.162 0.783 0.973 0.311 1.000
K" +Na" —0.294 0.999" " 0.900 "~ 0.522 0.807 " 1.000
pH & —0.347 0.996" " 0.853" 0.563 0.754 0.992" " 1.000
g N —0.234 0.980" * 0.957" " 0.530 0.885" " 0.987" " 0.966"° 1.000

e ox FoRTE p<0.05 KFEBIFME, « » FRTE p<L0.01 KFEBFEHMHK,
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2.3 FWARXEBAK. M TKISES

2.3.1 TFAR&FIESH WFHEIXK 2019 4F 412 AW
R KK AL AS A1 Ol W26 4 FIE 4,1 S 000
IKGIFE 1.4 ~1.83 m Z (8], 2 5 WL H b~ /K 47 #F
1.80~2.61 mzZ [8], 3 5 WLl H #b '~ 7K {7 7 2. 70 ~
3.51 mzZ [a], f1 T 1A PK PR X b T K 9 52, F 5 IX
N OKAL A VYL 2 AR R T R R, Bk E L BF
Y IX T KK B2 AE 1.40~3.51 m Z 8] P 5, K2 X
B KK A B 7 4—9 A HRAE A= T 3 PR X A
MEE, FEZMEMAE W, T7E 10—11 A Z 4R

WA R e 3. MR 20182019 4E R E W 19 4
H R KK AR AL 56 25 ROk B WF 58 X b /K pH {E 75
7.54~8.39Z [0, Pk, 0 fL BEFE 1.56~21.3 g/L Z
], 78 S RO TP SR Sk B AR, NHETR
KBRSy B ok L BHE 7 Na™ 19 3k i
B A B T RER 57 %, ko Mg® .4y 5 B
B R 18% . AR R A S E, MK
g ClU Pk ERGm. 5B FaER
48% , Hok Ry SOT AT F By 45%, B R R
By Ry b A

R4 2018—2019 EA XXt FKREBMESH(N=19)

Table 4 Analysis of groundwater characteristics at study area from 2018 to 2019

AiLE - pHAA ET{GIE‘/) co: HCO; clr Mj()?mﬂmgcaj; : Mg?" Na' K"
/M 7.54 1.56 — 16.13 398.07  334.08  110.66 84.97 275.59 38.96
oN] 8.39  21.30 5.97 407.87  7506.83 5690.88  609.71 1205.86  4924.02  296.30
¥ fH 7.72 5.45 0.63 257.09  1661.51 1552.17  277.68  346.60  1073.60  186.39
b i 25 0.24 4.23 1.83 90.00 526.59 1 191.56 114.45 250.62 1 006.95 34.68
BRER 3.07 7773 291.55 35.01 91.88 76.77 41.22 72.31 93.79 18.61
=R AR S, TR,
20¢ le s 23-2 EEBEAKAAES AT BRI AR B 7
g . WEHZKHEAT T R e G143 Fr (3R 5) . 2019 4E A ]
g LM F1 15 1 E K 1 0.65~2.14 g/ 2 ], 25 fE i
2 i HEBe/N  pH (IAE 7,52~ 8,57 . 5 Db o 9 FE K DH
o1 F TERAR T Na* ¥ B2 fe i » FEAS R 3 o5 BH B 6 11 L A
- FE 37 %6~ 68 %%, BB fi o Wk BE 1) B 1 % LR AN )
'0405 0329 0628 0729 0828 0927 1027 1126 1226 JVBSAFTERELLCIO RSO Sk FEARR 4345
H di BB T B R W HL B TE 22 %0 ~49%,18 % ~48%
287 = 0
5 26f S 3 W
524
g I S 3 FRTEREMENHLERSHZM
E ol LT BRI BN R, EER
2 4l AR AR R T4 A 9 I R R Hb A o] R LR R IR R
L6k . . . . . , , , gl 4 e dh Ay LA 2 7K 43 1032 3l i ik 4T 74 A
0403 0520 0628 0729 0828 0927 1027 1126 1226 ey s C00 | bl by, - HE 6 40 9 75 4 17 1L 0T J8 30K 4 19
- R comy | EIECT L BB I 2 8 R
g 34l Bt 257378 6 H A 10 H R BB + 28R B i 1
z .. T 2 /AN e 98 T 3 T 12 7 W e
g 2ol TG B, 0—60 em 4 )2 KR 4 7 Ik 33 AR
i XFER,60—100 em F- 2 By ER 70 & B 22 BN X E
Rl W L T IX T A R PR 0
20403 0529 0628 0729 0828 0927 1027 1126 1226 TSR T RO I 60 em ZE47 JF HL

H M

B4 2019 FRRXMTAMBRELBR
Fig.4 Groundwater table depth changes at study area in 2019

W5 DX 6T i E A T A= 5 S & 7F 2 700~ 3 450
m’/hm”, F 5 HIF 5 10 HEBE . & 7 d FEBE 1 K.
WK B BB/ oy TE D HE S A e SR B 2% & AR
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TR R )R REHIL 6 AR 10 HRI K
B 2 - J2 T A 15 0 2 0N B R A R T RAIE
UARAEY B IE % A K S 4E 11 A # S T — K
KWEREEL VAMER L H 2 700 m® /hm? , ff ] KK &
W7, R AR AR B T A Rk, s A
12 A 5 e AR 2R T AR R 5/ T
AL s b ) - HEER rE 6 A L10 A 12 H k% +
J2 TR 1 1 0 3R B R SN IR R B AR A e, 3 A
(4 - ek o3 Bl - 2 TR B 38 I 2= B Dy S 1 K e
N7 AR FA 3 I DR Sy bR b ) R R R A B
(9 R BEAE 12 A W) AT — R R K 18 9, 5 AR 48 1t
K [ 4 A7 18 8 L TG 1 HE R ) L A B O e A
2574 6 000~8 250 m®/hm*, K I 76 47 HE W /K b 25 19
6 H .10 AR 12 H 38R 3 B G 1 )2 08 B 1 35 &
B e /NG R R # L 3 H MK AN L Z kTS
TH il 7 52 ) A MR A3 B 2 TR B Y n 2 e KR

VoK /0N 11 s B 5 R T R R B b TG E TBE K D 45 L 2 B
FE DB R 2R S, A SR B 28 R AE TR #h 4 A8 4k
R, L Sy B )2 R 0 50 % )
FE 0—60 cm )7, $h o0& f AR A0 BBl K, $R 5 M 7y
s EEN .6 H>3 AM 12 A>10 H A5
MR S RIy 10 AR 12 A>6 A>3 J,X
i T LR 2 o R R b 3 1) 7 55 R T S BN [ S AF
5% DXV TR HE K Ak B R R K Ak Y e L #E 1.56
~21.3 g/L Z, ¥ 5.45 g/L, KAE B 28 Lk &
FET I SR SRR RMG . A 5
DX A Tk A 3 3l A vy PRI b A SR A L S e pH
EHAE AN TR R 25 85 3 pH
FEIE 5 AR IR R, AN 22T pH (H BB S + )2
TR %) 388 000 00 0 /0N T B e bR b L R AR pH ALY
AL BN 2 KR Tt £, N7
RS W R

K5 2019 EARXERAKBSEHEESEIT(N=10)

Table 5 Descriptive statistics of irrigation water use characteristics at study area in 2019

4 oH fif (ﬁfﬂcfﬁ:l/ - - - %?éﬁ)ﬁiﬁ/(mg" )L D) : |
gL Co HCO, Cl SO? Ca’ Mg?' Na K
3 8.32 1.11 3.3 214.4 332.4 128.6 52.5 53.9 250.7 74.2
5 8.37 0.96 9.9 157.9 192.4 266.6 78.7 52.9 156.8 44.5
8 7.52 0.65 — 225.7 91.9 93.4 56.4 34.9 112.1 42.0
10 7.53 1.11 — 241.5 138.8 352.5 43.0 129.4 137.7 63.7
12 7.52 2.14 - 376.9 554.4 446.1 83.9 92.9 462.3 125.7
3.2 TEHESBEFHERMEXE SEUR 0 3 Ab AN 6] VR 9 %8 3k 43 25 - 1Y) 36 5 1k I e s
P TP L S I R R SR B e R, BT DR I T K A TR K
i HHES N N RTE SIS H Z LA me ), hagih s T Nat fil CL & Sl H ik,

IF 5 DX [] = ) FH 28 2R A = 38 vp 32 22 85 7 3 A
] 25— E o A G RR FE e s I BH B 1o Na ™ LK,
FAES T8 Cl, Mg®" , Ca®" #l HCO; By & 2 M X &
b3 B R 5 R DX B g T A R R K
() ER 43 B IR 5, B 9 X ML T /K OK A 388 3% L 4F A8
RV FITE 1.40~3.51 m Z [B] % 3h, 28 & VB F 1+ 45 o
FU, R ARAALAE L = 0 A8 A 5 A 0 R A3 e B T
Hh ) TR A3 T, AEAR R FE B 45 i 5 8 001 1 (4 98 1 Fn
KA B R W ERE TR L EER
SEREE R LR KL HE A B T IEEEh R A XA
5 FE AL B & A BT X A 4 IS R R
Gy NG IR AL — S AL W B T AR M B S A [ R
T HETE 3 H M s S S ALY AL bR TR )2+
TE 6 H A 12 H £k 73 R ) Sy A ) B R £ 7Y
TR 2 R EAE 12 A i o RO Sk A, X
F B 7 B+ MR R 2R A R R R K I ZE A

ANTA] A H R 2R B R A B4R B T A R A+
A 2SR g, R 5 HCO, JoAH Gk,
55 H Al 45 B B A SRR AR AT L 3 A MR b+ R 4y
5 Mg Ak, Eh e iRy 5 Catt L 6
PEL XSRS — 3 TR X SRS 5580
BT 22 18 K AR ARSI A S k202 MR 4y B 1 )
BRI EME R F LSO ,Ca?t ,Mg® " 5 H 4 B F 2 [l
AR 8 22 BOTEAH DG P, FEA 45 85 - 22 ) 422 I 35 PR A
KL IX E B T AN B R Erh B
AN B IR RS AL , 3h 43 B FE MR — OB R b i ¢
0N VS A B O 2R L i B K I S T AT S I B B R
R NG TR W T ED Ol R I 5 e N
T 1 BE B RN 2 B BURLST M G BF 5 2R B
Cl- Bahtkdsm , SO \Mg?™ ,COY TR 3 A0 W45
1, 1 e AE B AE DD 95 2 Y W) B AR ) AR R IS
AT LIS HHE T CaCO, I L 7 1 L B2 41t 78 4%
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1) Ca®" LA Na ™, JIf H 24 13K W g BOR w4 3%
R R CLA SO B RA M L3 h HCO, fif
BRIVE RT3 5 201 R0 B AE AN [R] - A ] 28
TR OGP B 2 U BT B XOR TR
o) 2 A A 38 () R A R AR o3 58 7 FE A2 o R K AR
25 B 5 MR, B 5 XM R K AR BE W Na T Fn CL 1Y & i
B FE TR ZN A 28 R AR R X A HE R 43 R AE 0 A
B 7 HE B, AT D 7R AR AL A B IA Y
st Xof Hb R K KA bR A o S A R
33 AELHAAER T ESRUBENT D

AN T[] - A0 O 2CRT DA sk A 2 B R B R
JE R FR I SR 53 A R AE B0 A S B ZH AR 52 0 -
S0 B K ORIEPERE L AT 0k 73 4 AR K 2B 2
AREOL ARG AN [ i R 2R R Y R A
By« 37 M > R kB > B R AR L X 5 DU AR Y
W2 R — 80 X F R RE S Y
FAE S Bk S T B0 AH O A 5T 2 B AT LA
FHER A= AW 0 JB8 0 A 0 6 4= 47 -3 ek R R[]
VEYIRT R 53 FER 43 B F 10 18 B P R CA BT AS TR
—SEEh R A LR B A s WA A
RCT D AN > A e o S A (1 I - 7/ e e
(Phragmites communis ). 3 h # ¥—3h b ok %
(Suaeda salsa) . W LAY T E (Aeluropus sinen-
sis ) A5 ) P L A w8 B, T DA /b 2 T A
Uk 2% 46 43 32 B8 1 DR I R 5 DX PN 6 3 b 1) + 3
3530 3 T AR B B b RUbR T T Y
J PR A SR 1 AR AR BN TR 4 Bl A
R ER 5y B i R AR . Wang U R R B
ANTE) i A 2R B 3 Y Hh o AR AR S e AR K EE
[ A R 22 57 X S A5 B 45 1A — 3. AWFR
RS P R A A RETE 0100 em R R BRI N
6 H i 10 H AL, Ehosinn b i £8 73 & 5 7E 0—40 cm
MEREER N 12 H R K ,40—100 em IR E RN
10 HEK & wfE 3 HiE/N, X EEA M T
FE BT 5 BE LA B 28 A FH R 52 0, 3k 5 b b R HR B
L TE 6 Hif F 2 Rk rp 3 & &, 10 H R
JIT T B B B b AT BRSO R T SR AR AR W 0 52 e
B, ER 3k Eh AR W AT LA S g b g 2R 4L 7E 10 HAE
VATWR 040 cm & wEB /DN, MTEEY) M ZE
FETZJR Y 12 H 373 5 i SR BN e K B 3 RbK
2 KRR 285 RN SRy PR 3R 1 5 e 722 A 3 TR AR X DN
PR I TG W Sk f 2 PR A

A58 DXAS ] 4= b R S 28R i g o & i 2
SRR U H A B 5 b R B R, 4 AR R 2 R
Ay Ay WIAE 56.71~118.01,5.43~16.25 g/kg =

(], 3 2R fhy TS DR T AR P AT R 0 114 9 Sk 7
Ao AT A e R 0 T ik B i HE BR R AR DY
e AR AR B AT A B R e A S BT X M T K
A A RE By o T A g 5 R A AR TR R K Ry
oy B 7K 7312 3 SORUR AL M 3%, 5 57 3 70 3 6 5
JCHE WK Ab & o B LAER 50 35 4 B AF T s, R 5 IX 32 22
TS E T ST Ok FE LR E TR e
BB ENIE T 31X — . AR 7 BLAT BF 3t FbK b 19 2
H R R BB — A e A A R K K A AR 3
AR T B X e Y b L 8 57 M 10 G BE A JR) I R AR OC AT
FE K F A HEER 7 8 77 4 A TR T HE K HE 1) R 03
R ) T M L 3 5 A AT M A R v B
b 55 HEER b (R S ) 7Y 5 B TC i o T - 2 R 35
AL

4 R

5T X + e Rk, LR SRR 2,44 ~
118.05 g/kgZ i), pH {H i Bl 7£ 8.05~8.34 Z[i], A~
[Fi] - Hl A IS AR B 58 AR 4 % i R AR AR L R
g« R TE M > R B b > B R bR M, b R S
2R A R A 56.71~118.01 g/kg, hTEH
FRIER Bl B b 7E AN [R] 220 R B A [R] 4 R TR EE 0 AR R 3
S R R A PR AR AZ VE R M AE S T
G0 P ST = Y N i w75 2 O e e o
R0 5 3843 B - UM OGO, I A B o
R Cl L Na AR REAR L ZHEE FWHNE
SR R Eh— AR W B, WY X M R K K A B
(1.40~3.51 m) . Hi I 7K™ 4k BE 35 5 (1.56 ~21.30 g/L) s
HEWE K ok i 4r B ¥ LD Na™ # CL 2
F . AFE S HA T R IE R B AR IE 0
Wil PRI 28 Sk T K HEER A R K E KK B, BF T4
ST A 2 M A SR A ) Y 7 L b TR A A B
FE & F) FH 2 A BB AR 5
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