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Abstract

In this paper, the Manas River basin was divided into three study areas: Piedmont oasis, artificial
plain oasis and oasis-desert transition zone. Soil bulk density of cotton field under drip irrigation
under plastic film was sampled in May, August and October 2019, and the spatial heterogeneity of
soil bulk density of cotton field was analyzed based on geostatistics and Arcgis technology. The
results showed that: 1) the seasonal variation of soil bulk density of cotton field in Manas River
basin was May (seedling stage) > October (boll opening stage) > August (flower and boll stage),
and the seasonal variation of soil bulk density of cotton field was moderate. In the horizontal di-
rection, the average soil bulk density of 0~60 cm in each season showed the distribution pattern of
artificial plain oasis > oasis and desert transition zone > Piedmont oasis soil distribution pattern.
In the vertical profile, the soil bulk density increased from shallow layer to deep layer in May and
August, but decreased from shallow layer to deep layer in October; 2) Geostatistical analysis
shows that there is a strong spatial autocorrelation of soil bulk density in artificial oasis, which is
greatly affected by structural factors, while the spatial autocorrelation of soil bulk density in
Piedmont oasis and oasis-desert transition zone is weak and greatly affected by random factors.
The results showed that the spatial distribution differences of soil texture and organic matter
content were the main factors leading to the banded and patchy distribution pattern of soil bulk
density in cotton fields in Mahe River basin, and the soil bulk density changed seasonally due to
artificial farming system and cotton growth.
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1. 51§

TR E R AR R R, RO T IR BRRE, R fE A, R R AR R
MEZSEbr. LIEAERFHE, (RKE, KIMEFEFMZIRY B 58K IR P 5 i 8 2
SCMAPRER[1] [2] [3] [4]. e 0 R VPl L3 MR FE 1R OGS DRI [5] [6]. 4385 B 52 45 W 1 DRI 3 (BR )
S M. R B R RIREATLR 3R (NSRS ) S 0 22 R 7] [8] [9], 7R A% IA] R AN B 7 ) b S I
WAL . 3 AR GGt 5205, MG T 075 GIS BEARKS AN [R] FRUBEFIAS [F] X 3 - 8 45
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AR Ve EAT TR B FE[10]-[20], ZARBEmRAE[20]RF 5T 1 PH AL T 52 X AR 4% J - 9 5 B 1) 2 () A8 S
FRAIE, RIVRZ LA AR R0 0.080, J& T 5522571, (L2 [A) L S B o4 [f 452 sl rg ALk
[6) 2%t IR AT A% S, 338 AN R P 5 O R M L 22 R A (9 R K . e B AR [22]0F B 2k
M DX A P A A R AR R, R R A T A RO, DN OO R AN K E
T BT ) EA AR R AR R, B A R AT A LR AE B R ] RS2 . FME ZE A5 [9]
IBHEG G GIS T IHH AR MM G TH 2 1) Kriging 7 [R5 75 29 70 7 AL 43 38 2% - 498 25 7 11 % W)
ARFERHE, AL HAEE T8RN, RE LA E R ILE R 2R, RIUE R ERPCR DA,
A B A RN R ARE LR AE RN NAERER, LA A E LA E AR . E AR
A [23] [24]WF FCES AN TR I SR B T, R LR R IR N, LR R B T s T
WRERINT =M > g > BRI . KIRH « LIRS [25]0F 0 T - e 203 = M4k
PELER AR, RIS MR AEIE /R IR A M LA R, M R SRR &
WK, MR IRES, AikrEzE, AMTANA . TR ME[26] 55T T T 58 IR IR AR H AR A 5
I, ABERRAE LA B a0, 2 S AR N AR o P ST A ok 3 R 2 (Y g o A A B
e o i LA AT R S R R IX, RIYTIE VR A FH R % DX ) SRR A 2 A S SO A
TR PR RE, PUMANSE[27TRT ST T 121 PSRV B AT 3 E A FH A SR IBE A 1 O, A
WE 5 RS T T R PR 4 0, A FH 3 rp SR B ) MO AN P 1Y R4 BT 3 . T AR [28]WT Fe S 4 rin]
PO M FH - 3R < J 0 AR AE ORISR BB AR IR It = L S R S BV R Tt
e, WEBEERR IR RN, A R G 5 AR R B A phAh, AT AR BT R A
FA IR R LR W R LK B3 . HEEKE . LG ARSI, iR
T, IIRRAE A K E ARG AR [29] [30]. AT MIBRTTA, T TR XY EA H A
A1 AR SR FE R/, PR TR SIS S SR e S e K Sy, #hor, AALER, SRS
AL BIANK B IS R AR T THI[31]-[37]  AHIETER M S GE T2 A G T 24T TT 05708, 2 Hr B 2 i g 45k
AN [ ST o A P PR A T AR S A, D Ja T T 5 DR K SIS R M 25 K iR it A S 4
A -

2. 5 HZE
2.1 WREEER

SKAE AL AT B ARG AT A i L AT SR, N TP SRR PR 3 Y 5 5 4 3o I R ) S i EE A H (]
D)o ATZRM, N TP IR SR PN AT SR 5 FE s Py /6 LI T . PR R S B R E R AR E R (R 1),
ST X N iEHK 200~600 m, 2 SRS I AT DR 1 B2 2 50 . BRI 1950 AEAR LR K 1k e Ak
A, SRYPNTEIZHTY 5K, 1952 3| 1962 4F, ZRINEURIT Tk, KMBERI K 7AW T ZEE. ZRIE
AUF P SEHE X, AR B SR N A e ok s 1962 4R 2 1976 4, R 1L VT JAT 4 7 9 3 8 e J 4
TERBCHTER YN, EEHE AT R0 B 1 = KGN 2 (A e e, & SR B A HH % [38] [39]. H AT
YA TRT IR B 22 R T e R K R S i A DX AN S DU O E AR ML X, DU AR AE v 3. 1998 4 LAkl
it JE TS VR RE R R T B [40] . R EEI RO 20 24 HAT, FIEE XN H AR BORZ) 7~10 R,
JESR A DL AR 7 20 Bt LI R R 20, L0008 44 A RIESRAL, (B A KPP [41].
TR IR AR AE R E B 4 H 38— RHE, 6 A WIEE —MHE(RT HK),  BbJERe T R A A T,
—MFFSER) 8 A 20 S AL, —HIHREY) 9~10 K. iifitZ) 60~70 kg/mi, £ 6, 7 F18 HHJEAE, 7 18
HtAEE% 6 H K.
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Figure 1. Position in the study area and the sampling point distribution
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Table 1. Regional characteristics of cotton field under drip irrigation under plastic film in Manas River
= 1 IENETARIE X AHIE

R NS NP5 SN 5 R I Y
(Types) Piedmont Oasis Artificial plain oasis Oasis and desert transition zone
R (m) 600~400 400~300 300~200

et &yt K+ A BB K Rt
g friysies TR E Wt
B4 W 5 (mm) 150~200 110~150 110~120
P RIRE(TC) 5~7 6~7 6.5~8
AR 23~26 24~26 25~28
A HIRE(CT) -17~-19 -18~-19.5 ~17--20
7% % & (mm) 1600~1800 1800~2200 2200~2500

ORISR 1. B SR RARALR A T SR DK SCH B B 524 14 (1995); 2. AiR] - ¥bis — B KT IX 45k [ 4 B2 Y (1995) -

2.2. LT AR IR

AR 4 e P A SO, KA 7S X R A3 = AN X, 43 2 1L AT 49 (400~600 m); A TP SR R
(300~400 m)FN&EP 5 35t ik I 7 (200~300 m) . 7E = P GIS R A &% A BLAE 1, 105 FE 5 A8 HR, 2019
SELERAER TG B), R A Z(10)HH T EF AR YR GPS &AL R & 5 Pk TSR S A
— 8, FFIC PR A, AR bR . fE 2R B 3 2 H 0~5, 5~10, 10~20, 20~40, 40~60 cm 3t 5 2+,
I E R IR J)3E E . {8 F Microsoft Excel 2019 F1 SPSS 25.0 47 -3 7% # (IR M 48 i+ b .
F GS + 9.0 HHATH G240 41, HGEiT2E R AT T R 5 ) 25 (AR S S5 AR S — Ry 5, EERTX
WA B, UARRRECN N TR, $RT e 2= 0 oA _LEEE LI A S5 R. eR
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FH A S R B RS N 2 [B) i 5 v ok 3R B b B G 1 = [R) i R2[42] [43]. K H ArcGIS 10.7 #h g8t i btk AT
3975 7 A 4 ) R A A D 1A

3. &R511i8
3.1. WA ENEARG

XF 5. 8+ 10 AN [ X d5 - 5 F AT IR M Ge v h oA T, LIRS IR DN N T SR K
HEANFEA G B RER KN EIANS A > 10 H > 8 A 2). 8 ARE R ES T AN N &
B, 10 A -3 E 5 8 AL, 0~5, 5~10 cm HIERFHEA BTN, 10 cm UL R ARG 10 A +3%
HES5 AMLE, 0~5cm HIEEERFHIEMN, 10 om DU HIER E KRR 2). £ HEREm L,
5 A1 8 A ANF X d - 75 S IR BLH R E R IRER NS 10 A44SR X8 1825 S 15 R I H
HREZRZFEI S . AR XIS EIEAENE R REIRAH HREZREE N @S, HIEAE
A5 RBKARTE 0.1~0.4 22 (8], J& T 548 7o i o X405 12847 Komlogorow-Smirnow 74T IE A48 (P >
0.05), KIDHr LIBEEANE T IES AT, EHAT R FEHA Gedt AT G itk 22 01 (32 3).
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Figure 2. Mean soil bulk density
2. TRREME

Table 2. Changes of soil bulk density in Mahe River Basin in different months
F2 WiMREAEA R HIRAENTL

K H L2 em) 8 11~5 J1 1 141E(%) 10 98 HIHIIE%) 10 FI~5 FIH50E(%)
Area Soil layer The increase in August and The increase in October The increase in October
May and August and May
0~5 —16.88 25.35 419
5~10 -1.30 10.23 8.79
i 10~20 -12.82 —6.54 —18.52
20~40 -16.26 2.30 -14.33
40~60 —-16.73 —5.00 —20.90
0~5 -13.20 16.70 1.30
5~10 -9.37 6.45 -3.53
NP R EM 10~20 -17.32 -0.48 -17.71
20~40 —13.05 —-3.00 —15.66
40~60 -13.30 —7.03 —19.40
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0~5 -11.73 14.75 1.29
5~10 -12.27 12.11 -1.65
SRS T P 10~20 -17.49 —4.42 -21.13
20~40 -14.50 -4.32 -18.20
40~60 -0.96 0.30 -0.65
Table 3. Descriptive statistical characteristics of soil bulk density
= 3. TIEAEWAMEGIHHIE
_ . . o e Z 0
Soil layer Min Max deviation variation
0-5 1.33 1.70 0.17 0.11 0.14
5~10 1.40 1.72 0.14 0.09 0.09
L AT M 10~20 1.40 1.96 0.23 0.13 0.96
20~40 1.50 1.83 0.17 0.10 0.20
40~60 1.38 1.90 0.19 0.12 0.20
0~5 1.28 1.91 0.19 0.12 0.20
5~10 1.34 2.04 0.24 0.15 0.20
AT PRGN 10~20 1.34 2.18 0.25 0.14 0.14 5
20~40 1.59 2.14 0.18 0.10 0.13
40~60 1.17 2.16 0.26 0.14 0.03
0~5 1.40 1.83 0.17 0.10 0.20
5~10 1.46 1.89 0.19 0.11 0.16
AR e 10~20 1.30 207 0.28 0.16 0.20
VAT
20~40 1.20 2.05 0.29 0.17 0.20
40~60 1.12 1.96 0.27 0.18 0.20
0-5 1.06 1.55 0.18 0.14 0.20
5~10 1.29 1.93 0.24 0.16 0.03
MG 10~20 1.28 1.71 0.17 0.11 0.20
20~40 0.82 1.83 0.38 0.26 0.20
40~60 1.00 1.59 0.23 0.17
0-5 1.04 1.77 0.25 0.18 0.20
5~10 1.22 1.84 0.22 0.14 0.20
N TP RS 10~20 1.16 1.90 0.24 0.16 0.20 8
20~40 1.02 1.99 0.28 0.17 0.20
40~60 1.21 2.01 0.26 0.17 0.20
0-5 1.00 1.65 0.23 0.17 0.20
5~10 1.18 1.69 0.18 0.12 0.20
éﬂ”gi’ﬁﬂ 10~20 121 1.70 0.16 011 0.20
20~40 1.32 1.52 0.07 0.05 0.20
40~60 1.35 1.59 0.10 0.07 0.20
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Continued
0-5 1.30 1.84 0.20 013 0.20
5~10 111 1.88 0.27 0.17 0.20
1Ly i 10~20 1.03 1.63 021 015 0.20
20~40 111 1.69 021 0.14 0.20
40~60 1.03 1.58 0.20 015 0.20
0~5 117 201 0.27 0.17 0.20
5-10 1.34 1.93 021 013 0.20
NP4 10~20 112 1.98 0.27 0.18 0.20 10
20~40 1.29 1.94 0.20 013 0.20
40~60 1.07 1.90 0.26 0.18 0.10
0-5 1.37 1.91 0.19 0.12 0.20
5~10 147 1.96 0.19 011 0.20
gww;gza;ﬁ 10~20 113 1.59 0.20 015 0.18
20~40 1.08 1.76 0.22 0.16 0.20
40~60 1.21 1.83 021 0.14 0.20

3.2. ET MG FHNTRAEFRTRIFE

FFH b Ge v 2 75 22 B AS [F] - J2 39 5 B 1Y) 2 A) AR S A R AT 20 AT, AR F 9 ) 2 ) A8 S 3 AR
GS+9.0 SLHL, RAAFE I RAE AN TR EPRATIG, ERNE 4, Hp, CoHE(E: Co+Cy
G1H; Col/(Co+ Co) NHLE RHL, 7T LA 1B i 2 MAH G FR S, — M) e R%80UM T 0.25 1Y,
Yo W 2 ) AR B AT 5 2 2 1) AH SGME s 6 B RAULE 0.25~0.75 2[RI, A8 & HAT o S5 B2 2 ) |5 AH K
HHAE KT 0.75, WIRR/RZAS R AAHRIESS, #5551 1 WA Ry E € [38] [39]. 5, 8 A1110 H il
AOERM, N TP RSN AN SR 5 T Bk P 5 (1 0 (3 R BN IEE, UiBAAAAE S R 2. JHEE
(AR S BEATLRNE G 78 55 5| I A P I B S RN o AN R 43 140 LUy i SR R0 S -5 e ok 3 s 5 1 J2 1 45
BH Col(Co + Co) RS T 1, U RIEEONEE: AN TFERGINS = LA Co/(Co + C) K
#Wor/NT 025, ULBHH A RAH GRS, R B SRR . BRI ESR, ILAT SRR
SN e g R AR EONRASE, L AT G IN 1 A ) M S BE K4 19,323 m. FE
TR ) R EASFE N 32,535m; N LT RSN A5 2 A E s ) AR SR EE AR IROR 22 5, AR
PEARAY T BRI 7E 1160~91,110 mo LU A ZRINFH SR 55 a5 io I8 s 1) 1308 25 5 (1 7 22 BRI A AL K075 A 2 1k
B, A RURELS, AN TPIRGEN S S TR S W e e 2 Rk, HIE R E.

Table 4. Parameters of theoretical variogram models for soil bulk density
T4 TRAETRFFEFLESY

X 4 +JZ(cm) B fH HEMH

AR i 7 7S
pa S N S Giere ol R RS el
0~5 0.003 0.003 1.00 19,323.00 0.685 3.371E-05 2R
5~10 0.004 0.004 1.00 19,323.00 0.596 2.229E-02 &
I 10~20 0.004 0.004 1.00 19,323.00 0.806 2.166E-05 28 5
20~40 0.000 0.007 0.00 1510.00 0.080 4.948E-05 BRIR
40~60 0.006 0.006 1.00 19,323.00 0.998 6.440E-05 2
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0~5 0.004 0.004 1.00 33,724.05 0.356  3.750E-05 27
) 5~10 0.003 0.026 0.13 71,100.00 0.156  1.554E-04 EiE
A;}%%JE 10~20 0.000 0.004 0.00 7680.00 0.253 1.111E-05 (=3
20~40 0.002 0.002 1.00 33,724.05 0.039 6.747E-06 2
40~60 0.000 0.006 0.01 11,080.00 0.005 1.690E-04 BROIR
0~5 0.005 0.005 1.00 32,535.03 0.243  1.858E-05 2748
5~10 0.000 0.005 0.00 8160.00 0262  4.791E-05 =R
z‘ﬂg? 10~20 0.000 0.009 0.00 7880.00 0290  1.126E-04 b
20~40 0.008 0.008 1.00 32,535.03 0.167 3.802E-05 2
40~60 0.005 0.005 1.00 32,535.03 0.860 6.735E-05 2k
0~5 0.005 0.005 1.00 19,323.00 0.191 5.107E-06 2tk
5~10 0.005 0.005 1.00 19,323.00 0673  1.363E-04 27
AT & 10~20 0.003 0.003 1.00 19,323.00 0.913  9.065E-06 27
20~40 0.015 0.015 1.00 19,323.00 0.498  4.394E-04 E24ks
40~60 0.009 0.009 1.00 19,323.00 0.814 1.969E-04 2R
0~5 0.007 0.411 0.02 71,100.00 0.185 3.000E-04 B3
5~10 0.000 0.008 0.04 8020.00 0.002  1.019E-05 ERIR
A%jﬁ)ﬁ 10~20 0.003 0.173 0.02 91,100.00 0.305  6.681E-04 =i 8
20~40 0.000 0.009 0.00 14,470.00 0.070  1.708E-04 BRIR
40~60 0.003 0.036 0.07 71,100.00 0.297 1.473E-01 =AY
0~5 0.000 0.020 0.00 25,780.00 0.966 5.026E-06 ERR
5~10 0.005 0.005 1.00 32,535.03 0.253 9.561E-05 2
zﬂgg 10~20 0.004 0.004 1.00 32,535.03 0.674  3.219E-05 27
20~40 0.001 0.001 1.00 32,535.03 0577  4.738E-06 2 7d
40~60 0.001 0.006 0.18 91,100.00 0192  4.132E-06 183
0~5 0.002 0.020 0.08 57,210.00 0.552 1.424E-06 =2
5~10 0.001 0.001 1.00 19,323.00 0.799 2.665E-06 2
i 10~20 0.002 0.002 1.00 19,323.00 0.744 1.262E-05 2
20~40 0.005 0.005 1.00 19,323.00 0.906  2.073E-05 2 7d
40~60 0.000 0.006 0.00 6330.00 0.887  4.928E-07 e
0~5 0.000 0.011 0.00 7290.00 0195  1.179E-04 T b
) 5~10 0.000 0.007 0.05 8530.00 0.002 5.086E—05 BRR
}\Z%IIJE 10~20 0.000 0.011 0.00 1160.00 0.000 2.285E-04 R 10
20~40 0.001 0.008 0.16 13,080.00 0.048 6.190E-05 R
40~60 0.013 0.013 1.00 28,035.97 0.451  1.268E-04 273
0~5 0.008 0.008 1.00 32,535.03 0558  2.651E-04 278
) 5~10 0.006 0.006 1.00 32,535.03 0.630 8.004E-05 2
gﬂggj 10~20 0.000 0.008 0.00 10,090.00 0.129 4.418E-04 BRIR
20~40 0.018 0.018 1.00 32,535.03 0.992 3.181E-04 2k
40~60 0.000 0.011 0.00 6920.00 0.364  7.683E-05 [

33 TMAENZEIHRE
LU M E TR S M — e AR - M S I AR,

FET 7 2 R, @i Kriging
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TEAE Tk LR E A, LR 6 JoR e IR E A Wm0 Am. K 3 iTbAEH, 5, 8 Al 10
H i H3RRE A2 B 2PN PIRGOG5S S s 3 45 AL gl e BN Ak /.
EREBRKAEBERZNRS AT AN FIRSEMIIX, WEHRE, 50X 2 B 435 2% 5 (oK sl
/NIRRT e 5 AR Eh AT 6. it i v B vE R E M, 5 A R E R /IME N 1.34 glem®,
FeoRME M 2.01 glem®; 8 J3 LI E & /ME N 1.17 glem®, HoR{EHy 1.83 glem®; 10 LI AER/ME R
1.11 glem®, FKAE N 1.92 glem®. 5, 8 il 10 A 13725 B 4424 L) 1.50~1.80 g/em® Y6 [ A7 o Hb & 5 ks

85°0'0" % 85°15'0" %4 85°30'0" %% 85°45'0" %R 86°0'0" % 86°15'0" %
i 1 1 1 1 1 a3
N [&
o
A r
n
<+

H/RIBESRRIE

e
Lo
S
in
~
by =
=3 o
@ o
=+ =
% &
~ ~
) Ee}
= T
=3 e
=3 <
I I
3 3

44°15'0"1t
44°15'0"t

&1

A E (glem®) 1.72-1.79

B 134-1.40 I 1.80-1.89

I 150-1.61 B 190-201
162-1.71 i

0 5 10 20 Miles

T T |

T J T T T
85°150" %% 85°300"%: 85°45'0" % 86°00"% 86°150" %
5H
85°00" % 85°150"% 85°300"% 85°450"% 86°00" % 86°150"% N
- 1 1 1 ! 1 -
- -
o o
o ‘ =
& I
<~ s
H/RIBE LR
2 2
o =
4 4
2 ) 2
# |
. .
T‘
:Q ‘
24
54
3

41
Z | AR (glem®) 1.45-1.55

§ B 117127 | ] 1.56-1,68\
0 1.28-1.35 B 160-18

-,

1.36- 1.44 Vb
0 5 10 20 Miles
T Y Y Y |
85°0!0"1£ 85°15l'0"}'ﬁ 85"3("'0"?12 85"45"0"?12 86°l)!0"fF\ 86°15I'0"?E
8 H
DOI: 10.12677/0jswc.2021.91004 34 K AR


https://doi.org/10.12677/ojswc.2021.91004

P 2%

85"0;0“7:? 85°1 5.'0“32 85“3(3‘0"5? 85“45"0"?1? 86“0;0"22 86°1 SI'O"Z‘E 86°30'0" %%

N

i

ERUBERR

45°0'0"1t

44°45'0"1t
4424507t

44°300"1

o
™
e
=Y
I
3

44°15'0"1
44°15'0"1b

)

1WA E (glem®) 1,52-1.57‘
B 1134 I 158169 "
0 135-148 B 0-102

147 -1.51 Wi
0 5 10 20 Miles
T T

T T T T T
85°0'0" % 85°15'0" % 85°30'0" % 85°45'0" 4% 86°0'0" %< 86°15'0" 7% 86°30'0" %
10 H

Figure 3. Spatial distribution pattern of soil bulk density
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