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Abstract: Objective The knowledge about the spatial distribution characteristics of salinization is the basis for amelioration of
saline-alkali soils. Compared with research based on a single scale, nested multi-scale research can be more effectively applied to
analyzing structural characteristics of the spatial variation of soil salinity with higher accuracy in describing scale-dependent
self-correlated variation of salinization. =~ Method In the Anjihai Irrigation Zone of Xinjiang, soil samples were collected by soil
layer in the film-mulched cotton fields for analysis of rules and variabilities of the spatial distribution of salt content in the root
zone of the drip-irrigated cotton field under film mulch with the method combining conventional statistics and geo-statistics, as
affected by nested scales of 4 km, 500 m and 100 m.  Result Results show that, for any scale, soil salinity in the root-zone of
the cotton fields in the zone is generally low, with the mean being in the range of 1.52—1.87 g'kg ', moderate in variability, and
characterized by continuous variation and accumulation at the bottom of the root zone. Non- and mildly-salinized soils dominate
the irrigation zone and are mainly located in the south-east part of the zone, where the surface water is low in salinity and the
ground is quite high with unobstructed drainage, while relatively seriously salinized soils are mainly distributed in areas where
the ground water is shallow and overflows, and in areas that are affected by the leakage from reservoirs in the plains and trunk
canals. As influenced by some structural factors (e.g. terrain landform) and stochastic factors (e.g. artificial activities), soil salt
content in this area shows a significant spatial self-correlation in distribution. With increasing scale, nugget-to-sill ratio of the
geo-statistical analysis model decreases, and related distance, self-correlation and impact of structural factors increase, but the
influence of random factors weakens. On the contrary with declining research scale, spatial distribution becomes more explicit,
and the impact of random factors intensifies. =~ Conclusion For those relatively seriously salinized areas, it is advisable to
employ the nested multi-scale root-zone sampling strategy so as to get a full knowledge about characteristics of the spatial
distribution and variability of soil salinity in the drip-irrigated cotton fields under film mulch.

Key words: Drip-irrigated cotton field under film mulch; Root-zone; Soil salinity; Spatial variability; Spatial scales
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Fig. 1 Distributions of multi-scale sampling points and land use classification for the Anjihai Irrigation Zone
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Table 1  Statistics of soil salt content in the root-zone layer relative to scale

" B R I/ME KA FEE FrifE2E SD A5 REL CV
N Number of sampling Minimum value/  Maximum value/ Mean value/ Standard deviation/  Coefficient of
Seale points/n (gkg') (gke!) (gkg') (gkg') variation/%
4 km 57 0.15 5.01 1.52 1.24 81.58
500 m 81" 0.10 6.38 1.87 1.54 82.35
100 m 36 0.21 5.56 1.60 1.45 90.63

He VHA AT ) MARMASS 4km R (T80 ML S E S . Note: " In the graph, the four corners of a grid ( Grade

I1) coincide with the actual sampling points in a grid on the 4 km scale ( [ grid) .
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Fig.2 Semivariogram of soil salt content in the root-zone layer relative to scales
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Table 2 Semivariogram models for soil salt content in the root-zone layer relative to scale

- sl HHME Yk L hIE B B 22 J5 IR

NEE A AR

Nugget, Cyo/ Sill, S/  Proportion Determinate Residual sum of Fractal
Scale Model Range/m

(gkg?) (gkeg?) Co/SI% coefficient /% squares / ( g*kg?)  dimension, D

4 km i 0.001 0.957 0.10 9734 96.20 8.99x 107 1.21
500 m e 0.103 1.337 7.70 2352 90.30 0.04 1.06
100 m i 0.004 0.266 1.50 198 99.99 3.82x10°° 1.85

@ Gaussian, @Exponential.
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Table 3 Cross validation of the Ordinary Kriging interpolation of soil salt content in the root-zone layer relative to scale

BREAR bR JUBE Scale
Error index/ (gkg ') 500 m 100 m
ME 0.0055 0.0159 0.0121
RMSE 0.4889 0.4872 0.4864
IMSE]| 0.0094 0.0275 0.0206
RMSSE 0.9970 1.0152 1.0242
ASE 0.4919 0.4812 0.4764
[IRMSE-ASE]| 0.0030 0.0060 0.0100

H: ME: FH¥iRZE; RMSE: H7RIRZE; MSE|: trifEfb FH4iR2%; RMSSE: tRifEB T RIEZE; ASE: F¥FrifEiR2:. Note:

ME: Mean error; RMSE: Root-mean-square error; |[MSE|: Mean standardized error; RMSSE: Root-mean-square standardized error;

ASE: Average standard error.
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Fig. 3 Spatial distributions of soil salt content in the root-zone layer relative to scale
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Table 4 Areas and percentages of salinized root-zone soil relative to grade and scale
B[N RSt L it
Non-salinized soil Mildly salinized soil Moderately salinized soil Total
R
i FH AR H Hi AR 63 HH T X H FH i A e At T AR i H 5 L
Scale L il L il
Cotton field Cotton field Cotton field L] Ratio/%  Cotton field Grid Ratio of cotton field
Ratio/% Ratio/%
area/km’ area/km’ area/km’ area/km’ area/km’ 1%
4 km 315.8 70.45 131.4 29.31 1.06 0.24 448.2 880.1 50.93
500 m 6.13 59.78 3.94 38.43 0.18 1.79 10.25 16.39" 62.58
100 m 0.1823 74.26 0.054 4 22.15 0.008 8 3.59 0.2455 0.255 8" 95.98
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0.25 km? ()% H{H . Note: '’ The total area of the 500 m and 100 m grids are slightly larger than the 16 km” and 0.25 km?, the designed area,

as during sampling it was inevitable to have the sampling points deviating slightly, while all samples needed to be covered in interpolation

and mapping.
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Fig. 4 Spatial distributions of soil salt content in the root-zone layer relative to scale and layer

http://pedologica.issas.ac.cn



53] Fror BRSBTS 22 AT DX VR AN AR 3R )2 3k 7 22 RUBE 28 18] 7 A 4 AiE 1211

SPR] ZWE AT R M, TR T K B A LBk
AHEEREE , BN R A R Uk R Eh o (BB A A
THARARZE B, S E8OR)Z LSRR, 20~
100 cm )24 R4 T AR SR L 1 T o5 e i3 &
N, TR R A A F 2 (R 4d~ &
4f), 7E 500 m A1 100 m PAS/NRUEE - o B £R A6+ i
o7 LU E AN AT 2200, JEHAE 500 m RUBE 3 A9 o
bt 7 SRR o] WIGIE e R R
T, AUE R B, JERRER O . MR ML
B S 7% HE AR FEAR 3R 2 3R Ak 0 A A A 5 AR
SEREME, M AT RE S RBUX UK LR E B 5 AT
BTGRP S TR LR

3 45 i

RPN HEWGHE X NIRRT X, RSS2
P G2 A ZE A 7k, BRR T 4 km. 500 m FlI
100 m =SSR RUEE S5 040 JET T R A FHAR R )2
(0~100 cm ) 385 Ehit 178 A48 SRR 5 50 A0 L
B, SR EEgRmT . (1) EXBRRZELESE
WM, BiRERK (FHENT 010~
6.38 gkg '), (HEMRAKTHAL, FE NS
BEEESRA L, OB XSG T K-, JoE L
bt (2) HEX R AR &1 (454
PERZ ) MK S (BEPNLEE R ) i A 1ER ™=
Y, AFEFRRERRZN LSRG E
()23 (B Z5 A RRAIE , W] 21 J7 22 eR BB R A U b R AT
AER 2 J7 22 pREL P AR BRI R T RAE IR, FE S A
bl B AR, FERRERIG R, MRS S
(A5 SRR VR 55 | 2 [B) A OGP s 4 1 TR 255
Wk (3) AEBIRRE FRAZ ISR ENS
THRAE 5 28 [ 3 A AR 22 5 I e, RRUEE (4 km)
A58 B i i B - M R 5Tk A DX 0 B R A R
B, LN RUEE D) AT XU 3 KRR AS B LI 3] 11 2
AR, R T A/ INROEE R A A% B AR SR Ak A
Xof BN PR X, DRI AE 4 km ROEETG S, AN
JUBEE (500 m 1100 m ) A9 - EEh Ak ™ &, itk
Gh, DIREH R B R Z L BERFE IR B SR AE T
THHEAT AR R 2 B Eh BRI . Bk, ExTER
B Xk, A5 AR RS R R T e AR
FUZRAE, DL I3 b vhE A S ) TS 3 R A AR
FRZ LIS AR 02 B3 A AR NS S R . A0

R AR S AN 2 R R R 2K A 2 ) R 8] _E AR B A
BIEE A, ABFFEAERIT T b Eh i e =S (8] iy oy
A WU FIAR SRt A 258 03 1) 2 SR R T
B, i 0T AW T AR AR R R T4 b
A S AR LRI SE DT A 24 3 DX K B
TRV PRI A 25 PR sl e S T 0 e e i B T S
AR

S %3k ( References )

[ 1] ChenXB, YangJS, Zhang F D, et al. Control of soil
water-salinity ~ variations based on crop-saltwater
production function in Tarim irrigation area[J]. Journal
of Irrigation and Drainage, 2007, 26 (4 ). 75—78. [Bf
INES IR, SRATAR, AF. R TUKERAE BRI
HE XK ER VBT SE[)]. HEBEHEK %3, 2007, 26 (4):
75—78.]

[ 2] Meng CR, Yan L, Zhang S J, et al. Variation of soil
salinity in plow layer of farmlands under long-term
mulched drip irrigation in arid region[J]. Acta Pedologica
Sinica, 2017, 54 (6): 1386—1394. [# B8k, Hibk,
KA, B TR DKW T A B R L4y
A[I]. R, 2017, 54 (6): 1386—1394.]

[ 3] Wang Z H, Yang P L, Zheng X R, et al. Variation
characteristics of soil salinity and ion in root zone by
long-term drip irrigation under mulch in typical oasis
irrigation  area[J]. of Soil and Water
Conservation, 2014, 28 (3): 158—165. [EHR%E, #
Brle , KRB, 5. ALY DRI R T HE AR FAR
X 3R 73 K B AR (D], K BRI AR, 2014,
28 (3): 158—165.]

[ 4] Ning SR, Zuo Q, Shi J C. Advances in studying soil

water and salt transport in the cotton filed with drip

Journal

irrigation under film in Xinjiang[J]. Journal of Irrigation
and Drainage, 2014, 33 (2): 121—I125. ['F#Hi, A&
SR, AW BTN T REAR MK 3RIE B RRE A 5T 2 e
(7). MEMEHEK AR, 2014, 33 (2): 121—125.]

[ 5] Cheng WM, Zhou C H, Liu HJ, et al. Oasis 50-year
expansion and evolution of the ecological environment in
Manas River basin[J]. Science in China, Series D: Earth
Science, 2005, 35 (11): 1074—1086. [F24EH], JEI MK
FE, XUMEIL, 5. HYANHR L 50 SRS YTk KA s
WA TE]. HEBE: D HERERE, 2005,
35 (11): 1074—1086.]

[6] LiNN, Luo G P, Ding J L, et al. Spatio-temporal
variation of soil salinity in wastelands inside and outside
of oasis in Manas River watershed in the context of
dripping irrigation[J]. Journal of Natural Resources,
2017, 32(9): 1542—1553. [B KM, B, T2,
S TMETS 5T 0T B I N A1 3 b 3 L 43
AR FESHTI]. ARG, 2017, 32 (9):
1542—1553.]

http://pedologica.issas.ac.cn



1212 + o IR 58 4
[ 7] MuHC, Hudan Tumaerbai, SuL T, etal. Salt transfer Conservancy and Electric Power, 1985. [ % K. #iim B
law for cotton field with drip irrigation under mulch in DXER A i R (M. b3 KRR R, 1985.]
arid region[J]. Transactions of the Chinese Society of [ 18 ] Cochran WG. Sampling techniques[M]. 3rd ed. New
Agricultural Engineering, 2011, 27 (7). 18—22. [# York: John Wiley, 1977.
dhE, At SR, R HEE, 2 R R R [ 19 ] LiM, Zhang X L, WuJ C. Sampling point arrangement
THEEL B B HLT]. Al TRR2A, 2011, 27(7): based on GIS in eastern Henan Province[J]. Soils, 2011,
18—22.] 43 (3): 459—465. [ZHfF, w2EE, :R4kK. GIS HF
[ 8] JiL, LiuB, He XL, etal. Changing characteristics and T AR X B AN SR AR A 8 T R R R[]
influencing causes of groundwater depth in irrigation 2011, 43 (3): 459—465.]
areas in the lower reaches of the Manas River[J]. Journal [ 20 ] Xu J H. Mathematical methods in contemporary
of Irrigation and Drainage, 2015, 34 (9): 59—65. [# geography[[M]. Beijing: Higher Education Press, 1996.
o XU, TR, S BRI I O R A [ b, BUACHD I b A kM. L5t B
ARACHEAE B AT 0] HEBEHE K 2#41, 2015, 34(9): AR, 1996.]
59—65.] [ 21 ] Thanh Noi P, Kappas M. Comparison of random forest,
[ 9 ] Florinsky I, Eilers R, Manning G, et al. Prediction of soil k-nearest neighbor , and support vector machine
properties by digital terrain modelling[J]. Environmental classifiers for land cover classification using Sentinel-2
Modelling & Software, 2002, 17 (3): 295—311. imagery[J]. Sensors, 2017, 18 (2): 18
[ 10 ] Goovaerts P. Geostatistics in soil science: State-of-the-art [ 22 Wang WJ, Zhang X, Zhao Y D, etal. Cotton extraction
and perspectives[J]. Geoderma, 1999, 89 (1/2): 1—45. method of integrated multi-features based on
(11 ] Yang Q Y, Yang J S, Yao R J. Evaluation on spatial multitemporal Landsat 8 images[J]. Journal of Remote
distribution of soil salinity by indicator Kriging at two Sensing, 2017, 21 (1): 115—124. [E3CH, KiK.
sampling scales[J]. Soils, 2011, 43 (6 ): 998—1003. [# BRI, 2. 2 ”gﬁmm Landsat 8 I/ /[l R
AT, WA, BT, R R L s s ORI, SRR 2017, 21 (1): 115124
B35 7 2 EARATAR 1], £HE. 2011, 43(6): 9981003 ] [ 23 ] Utset A, Ruiz M E, Herrera J, et al. A geostatistical
[ 12 ] YaoR1J, YangJS, Liu GM, etal. Spatial variability of method for soil salinity sample site spacing[J].
soil salinity in characteristic field of the Yellow River Geoderma, 1998, 86 (1/2): 143—I51.
DeltalJ]. Transactions of the Chinese Society of [ 24 ] Stenger R, Priesack E, Beese F. Spatial variation of
. . . nitrate—N and related soil properties at the plot-scale[J].
Agricultural Engineering, 2006, 22 (6): 61—66. [k
RIL, Baih, 39, % WA=ANGXATBHR [ 25 ] E;ngesrr;a’Shzi(joé’ZL(is(; i/t4ai:(}2e5n9e;12;z;ion of the root
3L S s (B AR AR AR ST [1]. RO TR, 2006, o T e
length density distribution of cotton under film mulched
22.(6): 61—66] drip irrigation[J]. Field Crops Research, 2015, 177:
[ 13 ] LiuGM, Lii ZZ, Yang J S, et al. Spatial variation 125 136.
characteristics of soil salinity in typical oasis region[J]. [ 26 ] Bao S D. Soil and agricultural chemistry analysis[M].
Transactions of the Chinese Society of Agricultural Beijing: China Agriculture Press, 2000, [#i-1-F. 14
Engineering, 2012, 28 (16): 1005107. s, &8 AL BRI, JE50: R Bk . 2000.]
SUEL, By, . SRR DL TR I 1975 ) 22 5 [ 27 ] Wang Z Q. Geostatistics and its application in
AET). Al TARAAR, 2012, 28 (16): 100—107.] ecology[M]. Beijing: Science Press, 1999. [TFEAL. Hb
[ 14 ] YanA, Jiang PA, Sheng J D, et al. Spatial variability of Geites BAe 2 g R MY, bt R TR
surface soil salinity in Manas River basin[J]. Acta 1999.]
Pedologica Sinica, 2014, 51 (2): 410—414. [H%, [ 28 ] XieYF, ChenTB, Lei M, etal. Spatial distribution of
P22, AR, S5 SO AR 2 L AR 5y s ] soil heavy metal pollution estimated by different
AESEAFEIELT]. LI, 2014, 51(2): 410—414] interpolation methods : Accuracy and uncertainty
[ 15 ] Bloschl G, Sivapalan M. Scale issues in hydrological analysis[J]. Chemosphere, 2011, 82 (3): 468—476.
modelling: A review[J]. Hydrological Processes, 1995, [ 29 ] Wang ZQ, ZhuS Q, YuRP, et al. Salt-affected soil in
9 (3/4): 251—-290. China [M]. Beijing: Science Press, 1993. [, #i
[ 16 ] Gao C Y. The cause of high mineralization of diving FEOR, BT, g R M) JEE: R
water quality in Anjihai irrigation area [J]. Xinjiang ¥, 1993.]
Water Resources, 1996 (2): 26—29. [HiKiE. %4 [30] XinML, LvTB, He X L, et al. Spatial variation of
TE X KK B - AL R R [T, Frsaak R, 1996 (2): surface soil salinity in under-film drip irrigating of cotton
26—29.] field in irrigated areas of Manas River Basin[J].
[ 17 ] Luo J X. Amelioration of saline-alkali soil in Xinjiang Agricultural Research in the Arid Areas, 2017, 35 (4):
irrigation district [M]. Beijing : Press of Water 74—79. [PEHAEE, BTN, Ak, & EEX R

http://pedologica.issas.ac.cn



54

Fror BRSBTS 22 AT DX VR AN AR 3R )2 3k 7 22 RUBE 28 18] 7 A 4 AiE

1213

[ 31 ]

[ 32]

T HEAR 3R )2 238 0 28 (E) 8 S 0], TR XAl
9%, 2017, 35 (4). 74—79.]

Shen H, Jilili Abuduwaili. Spatial distribution of soil
moisture and salinity and their influence factors in the
farmland of Manas River catchment, Northwest China[J].
Chinese Journal of Applied Ecology, 2015, 26 (3):
769—776. [Phi, 1 J1-BIRHERSN ). B4 iy i s
A T HEK b 4 8] 43 A e AiE Sog e DR 2R (3], I AR S
24, 2015, 26 (3): 769—776.]

Guo X D, FuBJ, MaK M, etal. Spatial variability of
soil nutrients based on geostatistics combined with GISA
case study in Zunhua City of Hebei Province[J]. Chinese
Journal of Applied Ecology, 2000, 11( 4 ): 557—563. [5F
JBAR, EAA, S, 5 T GIS MM
A TR 432 (] A8 SRR AR 5T —— LA A 48 A T S 451
[J1. RLFHA A4, 2000, 11 (4): 557—563.]

[33]

[ 34 ]

[ 35]

Cambardella C A, Moorman T B, Novak J] M, et al.
Field-scale variability of soil properties in central Iowa
soils[J]. Soil Science Society of America Journal, 1994,
58 (5): 1501—1511.

Zhang F S, Liu Z X. Fractal theory and its application in
the analysis of soil spatial variability: A review[J].
Chinese Journal of Applied Ecology, 2011, 22 (5):
1351—1358. [5K¥ETE, XIPER. 200 Blig MO A 4 e
A8 SEAF S P R (0], B2 AR 252441, 2011, 22(5):
1351—1358.]

HuK L, LiBG, LiYZ, etal Comparison of various
spatial interpolation methods for non-stationary regional
soil mercury content[J]. Chinese Journal of Environmental
Science, 2004, 25 (3): 132—137. [W7ihk, ZEfEHE,
G, A AR AR A DR R R Y A5 A A (B D v
R3], FRBERL, 2004, 25 (3): 132—137.]

(REHE: BRA)

http://pedologica.issas.ac.cn



