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Abstract: Objective Characterizing spatial and temporal variability of soil salinity at field and landscape scales is important

for a variety of agronomic and environmental concerns. In arid regios, soil salt content and its distribution position in the profile
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are important factors for the calculation of the irrigation quota of salinized soil. Due to the strong spatial variability of soil salinity
content, the guiding value of soil surface salinization information for quota irrigation is very limited. A three-dimensional
visualization study of the distribution and content of salinity in the soil profile is of great significance to the fixed irrigation of
saline soil. The objective of this study was to evaluate apparent electrical conductivity (ECa) directed soil sampling as a basis for
monitoring management-induced Spatio-temporal change in soil salinity. Method A soil salinity assessment study was
conducted on an 18 hm? saline-sodic field in Alar’s Agricultural Science and Technology Park from March to November 2018.
The study evaluated the three-dimensional spatio-temporal change that had occurred as a result of irrigation with drainage water
over that period. Using geospatial electromagnetic induction (EMI) measurements of ECa and a spatial response surface sampling
design 18 soil profile sites were selected and they reflected the ECa measurements every time. At each site soil profile samples
were taken at 0.2 m intervals to a depth of 1 m and analyzed for electrical conductivity of the saturation extract (ECe). Also, the
soil apparent conductivity data of four different periods and the electrical conductivity data of soil profile samples collected
synchronously were analyzed. The inversion model between measured and apparent conductivity of different soil layers in the soil
profile was constructed by the multiple linear regression method. Furthermore, the 3D visualization of soil salinity was realized
by using 3D-IDW and the spatial and temporal changes of soil salinity in cotton field under mulch drip irrigation of Xinjiang were
studied. Result The results showed that there was a good correlation between the apparent conductivity and the measured
conductivity. The determination coefficient (R%) of the measured conductivity inversion model based on the apparent conductivity
data was between 0.82 and 0.99. The results of 3D-dimensional data statistics of soil electrical conductivity showed that the
distribution characteristics and content of soil salinity in different periods are quite different. These differences were attributed to
human factors such as irrigation, film mulching and uncovering, and natural factors such as air temperature, evaporation and
groundwater level. Also, the distribution type of soil salinity in March was uniform and the electrical conductivity range of the
0-100cm soil profile was 0.78 to 0.88 dS'm™'. The salinity in June and October was mainly concentrated in 020 cm and the
electrical conductivity was 3.32 to 5.28 dS'm™', respectively. Also, the electrical conductivity of 20-100 cm was 0.99-1.36 to
0.95-1.70 dS'm™", respectively. In July, the salinity was mainly concentrated in 0—40 c¢m, and the conductivity in 0—40 cm was
2.25-2.45 dS'm™" while the conductivity of 40-100 cm was 0.87-0.93 dS‘m™'.  Conclusion An assessment of three- dimensional
spatio—temporal changes in soil salinity was conducted to provide a preliminary evaluation of the sustainability of irrigation quota
on the Agricultural Science and Technology Park to ascertain its potential as an alternative for drainage water disposal. The results
of this study can be used as guidance for accurate irrigation application in cotton fields.

Key words: Soil profile; Salinization; Spatial and temporal variability; Electromagnetic induction; 3D visualization
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Table 1 The statistical characteristic values of geospatial electromagnetic induction measurements of ECa at different periods

H#A eI RC e/MA Min I K{H Max ) Mean R FRE 353 i 2
Data ECa / (dS'm™) / (dS'm™t) /(dS'm') CV/% Skew. Kunt.
2018/03/15 ECyis 0.26 2.05 0.77 63.24 1.51 1.34
ECyo.7s 0.55 2.61 0.63 96.29 6.21 2.19

2018/06/03 ECyis 0.20 1.39 0.72 50.63 -1.16 0.29
ECvo.s 0.13 1.73 0.62 75.44 0.18 1.04

2018/07/07 ECyis 0.19 1.60 0.79 51.99 —0.64 0.22
ECvo.7s 0.36 2.21 1.16 56.13 -1.57 0.35

2018/10/27 ECyis 0.44 1.99 1.00 46.13 —0.29 0.90
ECvo.s 0.49 1.78 1.05 40.59 -1.10 0.46
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Table 2 Inversion models of soil electrical conductivity in different periods
T2 2018/03/15 2018/06/03
Soil layer/cm 5% Model R? 5% Model R?
0~20 ECe=0.178X,-0.003X,+0.275 0.91 ECe=0.101X,-0.085X,+3.368 0.94
20~40 ECe=-0.007X,+0.026X,-0.556 0.80 ECe=0.025X,-0.011X>+0.296 0.77
40~60 ECe=0.003X,+0.012X,-0.194 0.90 ECe=0.003.X,+0.018X,-0.318 0.79
60~80 ECe=0.004X,+0.011X,-0.135 0.91 ECe=0.001X,+0.017X,-0.188 0.82
80~100 ECe=-0.001X,+0.013.X,-0.064 0.86 ECe=-0.00X,+0.021X,-0.045 0.78
T2 2018/07/07 2018/10/27
Soil layer/cm # 7 Model R? #7 Model R
0~20 ECe=0.045X,-0.028 X,+0.981 0.75 ECe=-0.001X,+0.055 X>,—0.170 0.93
20~40 ECe=0.007X;+0.017X>—0.516 0.81 ECe=0.020X;-0.004 X,+0.886 0.96
40~60 ECe=0.002X;+0.011X,—0.075 0.76 ECe=0.0004X,+0.012 X,+0.607 0.96
60~80 ECe=0.003X;+0.022X>—0.895 0.82 ECe=0.013X;-0.002 X,+0.327 0.90
80~100 ECe=-0.001X,+0.012X,-0.002 0.70 ECe=0.008X;-0.001X,+0.352 0.93

. X1 5 X, 0058 A28 & ECvoss 5 ECvis o Note: X;and X;are independent variables ECyg7s and ECy; s respectively.
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Table 3 Cross-validated results of models for soil electrical conductivity at different periods

H T2 REREL PR ¥y iR 22 AHXT A3 M i 22

Date Soil layer/cm R? ME RMSE RPD
2018/03/15 0~20 0.82 -0.24 0.51 2.01
20~40 0.85 0.02 0.41 2.51

40~60 0.93 -0.06 0.26 3.03

60~80 0.87 -0.25 0.48 2.02

80~100 0.85 -0.16 0.46 2.02

2018/06/03 0~20 0.85 -0.09 0.86 2.47
20~40 0.91 -0.15 0.33 2.48

40~60 0.96 0.32 0.36 2.13

60~80 0.89 —0.04 0.23 2.86

80~100 0.82 0.04 0.22 2.25

2018/07/07 0~20 0.89 -0.12 1.22 2.23
20~40 0.91 -0.02 0.50 2.50

40~60 0.98 -0.15 0.35 2.01

60~80 0.98 0.20 0.40 2.09

80~ 100 0.96 -0.01 0.10 4.78

2018/10/27 0~20 0.99 -0.45 0.56 4.56
20~40 0.92 0.05 0.21 3.35

40~60 0.95 0.04 0.17 3.73

60~80 0.94 -0.02 0.13 3.97

80~100 0.98 -0.02 0.04 6.77

XA IR RAE T 0~20 em [JRBEFITK
] R AT IEAT OC, A 2017 4F 11 AM&ER =
2018 4F 6 J1 3 HZIH), R#EAT A ik, 8 H 25 H
T HE S 2Z e AR VEATVEEE , 0 s A 3 1 e K
Fib, RIRAX IR 4 AL, SIRTE 20°C LA
L, ZEEWEL, PrUAER A KA 7R R R AR
F 0~20 cm.7 A Gy £IEHI 0 EERET 0~
40 cm, 0~40 cm EFE A 2 L )2 HE TR
{4 2.45 F12.25dS'm ', 40~100 cm & FEI N Y 3 4
+ 2R SR EEE R 0.87~0.93dS'm ', 7 A
By 6 IR P RAE T 0~40 cm R Y i IR 1
KRN O, e KIRHE K R 600 m* hm 2,
WK R R IR A 40 cm, L, AiIER4E

T 0~20 cm MER/MUBEFE 0~40 em 1Y +)ZTREEN
1T . Ak B S RZE CV IR, 4
CV<10% f, HEAEFME, 10%< CV<100%H 4%
AR, CV=100% M 50428 SR A [R] A 3] 4 4
HFREER PSR E, M6 A3 H 0~40cm +
EHSREmESE, FEREFEE 6 HREXRT
Wi, AREBEHADA AR TR, s
2 ORI AR AS S, R )R R R B
Weft, }20.40 dS-m ', - 3EER A ELAT i B A 25
bk, R4, WK . ARHEZE . LEEFRAEY R
FE AR EAE T, IR R TR R
F R = s A, AR RBEERT
60%1,

http://pedologica.issas.ac.cn



1006 +

T 59 %

x4 FRNHATRELTELIRBSEREITEHEE

Table 4 The statistical characteristic values of soil electrical (ECe) attributes at different periods

H# + )2 F/ME Min - fROR{ Max PI{H Mean  BRifEsE 5 RAL T 2 3} 3
Date Layer/cm / (dS'm™h) / (dS'm™t) / (dS'm™t) SD CV/% Skew. Kunt
2018/03/15 0~20 0.35 3.19 0.88 0.48 54.80 1.63 2.48
20~40 0.06 3.72 0.87 0.61 70.10 0.86 1.14

40~60 0.13 2.76 0.78 0.45 58.30 1.08 1.01

60~80 0.21 2.82 0.88 0.44 50.00 1.01 0.94

80~100 0.23 2.39 0.81 0.35 43.20 0.93 0.92

2018/06/03 0~20 0.85 20.40 3.32 5.33 161.50 -0.01 —0.19
20~40 0.01 5.99 1.28 1.38 108.10 0.21 —0.34

40~60 0.05 451 1.36 0.69 50.80 0.40 0.06

60~80 0.06 4.11 1.09 0.64 58.80 0.45 0.17

80~100 0.12 3.51 0.99 0.52 53.10 0.51 0.29

2018/07/07 0~20 0.26 6.89 2.45 1.22 49.80 0.97 0.03
20~40 0.58 8.55 225 1.54 68.60 0.46 -0.04

40~60 0.04 2.92 0.87 0.50 57.30 0.46 -0.03

60~80 0.16 3.52 0.93 0.59 63.30 0.45 0.10

80~ 100 0.05 3.63 0.88 0.48 54.50 0.47 0.96

2018/10/27 0~20 1.40 18.69 5.28 1.76 33.30 0.89 3.63
20~40 0.15 5.17 1.41 0.80 56.70 0.20 —0.44

40~60 0.78 4.83 1.70 0.425 25.10 0.78 2.99

60~80 0.09 3.30 0.95 0.45 46.80 0.26 —0.11

80~100 0.74 2.77 1.19 0.20 16.50 1.11 5.04

ETREMX, BTihs—EHE T JEPRE, T
A AEAVEMIAR 2230 BB N BB Al Y & J 45 7= A 4% b
A, IR EY) B A K kT,
ffid 2 R EAEWR™
23 AERNBHLEBSE=H#SMEFIE

AN [ B30 A 3500 1 F S R O B PR 2R 2 A
RUE A, 0 =R AT, T B AR AR R A X
KR 200m, Y4hJ1000m, Z5HASIRE N 1 m,
TS B IC S 10 mx10 mx0.1 m, F:i1455)]
20x100x10=20 000 4% TG, A [RIEF A [R] + 2
- g R N X-Y-Z A% kAT
3D-IDW #fift, #4T 3D-IDW #HER, ¥ Z #y kK
T 300 fiF, [RIEREE 2R AEGE N 6%, 18] T 44
S RIE 2 A E (K 2), 28 XRIEES T A
[ S 3D-IDW FA{ES5 RS (£ 5). AR

) ME 7t FEl 7£-0.02~0.01 Z ] ,RMSE 7£ 0.21~0.56
Z ], A [R] Asf S0 %) 5000 (R S0 22 18] £ DS 2R AR
f 0.76~0.77 Z[a, R* ¥JKF 0.75, LAl 0.,
3D-IDW Ji{E 5 1 78 00 22 Aisf 9] 4 38 i S 30 = Gk it
AR S AR R T A BAE

K2 B R BT AN [ A e 43 i) = Y}
2303, B SEREE B T 5 S AT, W]
LA 355008 /0 e T T K S B e 1 1 P 2T ARl
B R A S 56 5 X - e BRI A Gbn iR, Kk
5 X A HE R SR ECe )5 h 5 9%, B 0~2 dS'm™!
JgAEER AL 3, 2~4 dS'm! R R AL 4 4
4~8 dS'm ' N EE B L, 8~16 dSm ' KE
FEER AL 13, >16.dS'm! gk ik IR 44040
P WE 2 s, AN 3 A AR X RHR 4
Xk I A AL, RIS E R 0.84
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i
Soil electrical conductivity/(dS-m™)
16.0

&, 7 2018/07/07

2018/10/27

B2 AT S o3 — 4k o A1 14

Fig. 2 Three-dimensional distribution of soil salinity in different periods

£S5 A[FERTEL 3D-IDW $H{E % R 3 X IHF

Table 5 Cross-validated results of 3D-IDW interpolation at
different periods

EE POERE WHOTARRE PHRE

Date R’ RMSE ME
2018/03/15 0.77 0.21 -0.02
2018/06/03 0.76 0.27 -0.02
2018/07/07 0.76 0.40 -0.03
2018/10/27 0.77 0.56 0.01

dS'm', DIAEERBI LR I, A A B R
DL H R BRI . RAERE RS B 6—10 A,
S RSN R R = 91 e TR AL ) T 21
AR R —E R, Hd 6 AmEERDt
SR I3 AT RO, W00 T H A AN 10 A Gy B o3 A B g v
FAXITT R, 10 A4 80 L3 h w2 & T HA L
ALy, EREUPEMEES T, bl
TIEHEAR AT S AR, 6 A Al 7 A aeEER
AN B R Al L s T BT S e I 10 A
75

AR50 DX g AU 1] A MR AR A, B e I T

TR DXAN ] 5 1oy 3L A T A 4 ATy - 8 30 TR 0
RRE, 4 A 0 R S A Sl an il 3
o H, A-AY5 B-B T MRS XA AR b U 1) R
BRI, C-C'5 D-D# i Mk X AL J7 1]
BEEPURE A . & 3 TAE W, 78 3—10 A4
], 0~100 cm Y 1 3350 mi B R 2 Bl —Fp £k 7 RN
S, BB T A R A B S Y A R 4y
M, AR AR BRRE . Wil X
AeEB, 3—6 A i) th AR Eh w4k 1) R HERG A
BRI EEER L, WAE 6—7 H A, K%
X R R U R R X AL RS, it
g X b . H R Ak e AU T, (2
7—10 O AME, FREE L b EERIER R R Ak i
U RN, AR - e A e, BRI
JEHBET 6 A
2.4 AEHRHTERFCERST

3D-IDW ffifE )5, BEA-HHAS BT AR B — A~ 4
HLFRAE, AR SCUIME AL, 73 e it AN ]
BHIA 2 5 AR 3BT (5 Y T AL L )
(£ 6), ML 6 Al%N, AS[E 15 X Y 3F R 5
Ak - 98 TR B4 2 B A I A ) R B 1 e v 48
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e SR N N
Soil electrical conductivity/(dS-m'")
16.0 -
8.0 )
4.0 /
2.0
0.0 C A
2018/06/03
B
A 2018/07/07 A 2018/10/27
3 BIFSE XA [ o 40 = 4 4 e A g v 56 73 1]
Fig. 3 Distribution of salinity of typical cross-section of three-dimensional soil in different periods of the study area
F6 I XATREATEALIRER IR FREN & b
Table 6 Proportion of soil salinization grades in different periods of the test area
+J2 A hBie BBl HEEER UL HEBL tht
Layer/cm Non-saline Slightly saline Moderately saline Strongly saline Saline
2018/03/15 0~20 98.6 1.4 0 0 0
20~40 99.0 1.0 0 0 0
40~60 99.3 0.7 0 0 0
60~80 99.5 0.5 0 0 0
80~100 99.6 0.4 0 0 0
2018/06/03 0~20 30.9 41.0 27.0 1.1 0
20~40 41.6 459 12.4 0.2 0
40~60 56.3 36.5 7.1 0.2 0
60~80 69.3 253 53 0.2 0
80~100 78.1 17.6 4.3 0.1 0
2018/07/07 0~20 36.0 39.1 242 0.7 0
20~40 42.8 42.8 14.2 0.2 0
40~60 53.8 40.3 59 0 0
60~80 65.1 32.1 2.8 0 0
80~100 75.5 23.0 1.6 0 0
2018/10/27 0~20 7.8 62.3 29.7 0.2 0
20~40 18.6 72.8 8.5 0 0
40~60 35.1 61.4 3.6 0 0
60~80 56.0 413 2.7 0 0
80~100 69.1 28.5 2.4 0 0
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