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Abstract: To explore the seasonal and spatial variation of soil water, salt, and nutrients in farmland of different oasis ecosystems in a
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mountain basin system in arid areas, the soil water, salt, ammonium nitrogen, and nitrate nitrogen contents of cotton fields under film drip
irrigation in the piedmont oasis, artificial plain oasis, and oasis and desert transition zone of the Manas River basin in May, August, and
October 2019 were analyzed. The results showed that the soil water, salt, and nutrient contents in different regions had seasonal variation,
and the variation intensity was medium or strong. The soil moisture and salinity in each region showed an increasing trend with the
deepening of the soil layer in the vertical section. However, there was no clear trend of soil ammonium nitrogen and nitrate nitrogen in each
soil layer. There were great differences in the soil properties in different regions. The soil water content was in the order of oasis and desert
transition zone (12.89% ) >artificial plain oasis(12.80% ) >piedmont oasis(12.55% ). The soil salt content was in the order of artificial plain
oasis(3.44 g-kg™')>oasis and desert transition zone (2.69 g+kg™') > piedmont oasis(1.93 g+kg™). There were significant differences in the
soil salt content between the artificial plain oasis and piedmont oasis. The soil of the artificial plain oasis showed mild salinization. The soil
ammonium nitrogen content was in the order of oasis and desert transition zone (3.77 mg - kg™") > artificial plain oasis (3.53 mg-kg™) >
piedmont oasis(3.46 mg-kg ™), and the soil nitrate nitrogen content was in the order of piedmont oasis (2.02 mg-kg™') > artificial plain oasis
(1.90 mg-kg™") > oasis and desert transition zone (0.77 mg-kg™). The semi—variance function analysis showed that the nugget value of soil
water, salt, and nutrients in the piedmont oasis, artificial plain oasis, and oasis desert transition zone was less than 0.25 or equal to 1,
thereby indicating that the spatial autocorrelation of soil properties in different regions was strong, but there was constant variation under
the influence of sampling and artificial agricultural cultivation. The theoretical models of soil salt, ammonium nitrogen, and nitrate nitrogen
in the piedmont oasis and oasis desert transition zone fit well, whereas the fitting effect of soil water, salt, and nutrients in the artificial plain
oasis was not good. The dominant factors of soil water, salt, and nutrient variation in the piedmont oasis, artificial plain oasis, and oasis
desert transition zone are soil type, climate, and groundwater level. Drip irrigation and fertilization in cotton fields are the most important
human factors that affect the soil water, salt, and nutrient contents.

Keywords: Manas River basin; oasis ecosystem; salinity; nutrients; spatial heterogeneity
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Figure 1 Location of the study area and the sampling point distribution
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Table 2 Variation coefficients of soil moisture, salinity and nutrients in different oasis ecosystems

11 HTZ# I Piedmont oasis

NTFJREE Artificial plain oasis

LN ST PEHF Oasis and desert transition zone

AH kR wkd . BSE WEE AR L, BEE OBMER akE . BER #BA
Month Layer/ Moisture m "~ Ammonium Nitrate Moisture . .- . Ammonium Nitrate Moisture s Ammonium Nitrate
cm  content Salinity nitrogen nitrogen content Salinity nitrogen  nitrogen content Salinity nitrogen nitrogen
5 0~5 0.48 0.62 0.43 0.33 0.40 0.62 0.38 0.60 0.29 0.95 0.39 0.60
5~10  0.39 0.36 0.59 0.51 0.17 0.36 0.51 0.31 0.42 0.73 0.35 0.52
10~20  0.34 0.51 0.67 0.19 0.21 0.51 0.40 0.38 0.34 0.79 0.32 0.52
20~40  0.49 0.41 0.41 0.29 0.26 0.41 0.68 0.83 0.23 0.30 0.41 0.15
40~60  0.47 0.41 0.49 0.34 0.32 0.41 0.65 0.71 0.37 0.64 0.23 0.28
0~60  0.38 0.38 0.47 0.26 0.20 0.38 0.41 0.48 0.27 0.47 0.28 0.33
8 0~5 0.97 1.15 0.92 0.79 0.51 1.15 0.76 1.83 0.29 0.78 0.61 0.82
5~10 1.04 1.30 0.43 1.62 0.35 1.30 0.92 2.03 0.25 0.69 0.62 0.67
10~20  0.80 1.45 0.95 1.89 0.27 1.45 0.52 1.87 0.17 0.58 0.54 0.27
20~40 0.84 1.65 0.60 1.82 0.30 1.65 0.57 1.98 0.39 1.05 0.55 0.54
40~60  0.74 1.51 0.65 1.90 0.36 1.51 0.71 1.92 0.34 0.88 0.35 0.45
0~60  0.69 1.43 0.38 1.58 0.28 1.43 0.57 1.93 0.24 0.71 0.36 0.48
10 0~5 0.24 1.16 0.66 0.64 0.22 1.16 0.97 0.83 0.29 0.61 1.04 0.47
5~10  0.23 1.14 1.47 0.70 0.28 1.14 0.56 0.83 0.15 0.74 0.86 0.21
10~20  0.34 1.48 0.66 0.58 0.30 1.48 1.14 0.86 0.31 1.19 0.72 0.23
20~40 043 1.46 1.24 0.59 0.30 1.46 0.87 0.86 0.37 0.60 0.93 0.24
40~60  0.64 1.39 1.36 0.55 0.40 1.39 1.37 0.90 0.24 0.69 0.51 0.36
0~60  0.38 1.35 1.13 0.59 0.28 1.35 0.88 0.85 0.25 0.68 0.61 0.25

3 AE R EERERE(0~60 cm) EZFMERL (S-W)
Table 3 Shapiro—Wilk test of soil property data in different region(0~60 cm)

5 HR R R Original data XSRS W R e Logarithmic transformation data
Xt At e o SR MR AR BER WA
Region Month . = Salinity/ Ammonium Nitrate nitrogen/  Moisture ml X Ammonium Nitrate
Moisture content/% 5 N . = Salinity K .

( g kg ) nltr()gen/( mg-kg ) ( mg-kg ) content nitrogen nitrogen
LT 5 0.708 0.708 0.310 0.615 0.267 0.265 0.258 0.644
Piedmont oasis 8 0.543 0.543 0.000 0.889 0.574 0.057 1.000 0.018
10 0.973 0.973 0.001 0.001 0.560 0.112 0.279 0.062
N TR SR 5 0.629 0.030 0.014 0.072 0.191 0.242 0.124 0.850
Artificial plain oasis g 0.881 0.054 0.085 0.000 0311 0.057 0.970 0.057
10 0.505 0.161 0.001 0.010 0.361 0.477 0.316 0.296
RN ST ER 5 0.565 0.207 0.235 0.711 0.128 0.830 0.302 0.637
Oasis and desert 8 0.251 0.194 0.589 0.226 0.130 0322 0312 0251

transition zone

10 0.153 0.207 0.114 0.323 0.177 0.945 0.507 0.533
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Table 4 Semivariogram types and parameters of soil moisture , salinity and nutrients in different oasis ecosystems

11 HTZ% I Piedmont oasis N JRZEI Artificial plain oasis 2R -5 FEi3d W41 Oasis and desert transition zone
Ti 118 : — e b : Ay = . — e
WA A Gk, BER WER KR L, AR WER  GKE L, BEE  WER
ltem Month  Moisture SJT' " Ammonium Nitrate Moisture Sml]t it Ammonium Nitrate Moisture SJT' " Ammonium  Nitrate
alini . . alini . . alini . .
content y nitrogen  nitrogen content v nitrogen nitrogen content y nitrogen nitrogen

MSEE s mET &t BRIk B @I 4r 4i a B dtt & i
Theoretical ¢ SN 7 Y S S S ) S R 1 Yk Bk &k iy

model

10 i A At gk Bk dEEC i [} [ e 2 e
Peg:AE 5 0.049  0.205 0 0.001  0.003 0.626 0.150  0.196 0 0.296 0.066 0

NI 8 0.054  0.010  0.111 1.350  0.101 0.001  0.173  0.761 0.804 0.052 0.128 0.001
10 0 0.010  0.465 0.688  0.027 0.073  0.001  0.001 0 0.508 0.060 0.029

HEMH 5 0.617 0205  0.194 0.108  0.135 0.626  0.150  2.402 0.123 0.296 0.066 0.131
Abutment 8 0251 3417  0.111 4518  0.101 0392 2356  3.532 0.080 0.641 0.128 2.011
value 10 0228 3214 0465 0.688  0.080 0575 2358  0.635 0.052 0.508 0.060 0.029
Bari 5 7.94  100.00  0.05 0.92 222 100.00 100.00  8.16 0.08 100.00  100.00 0.08
Ci‘f‘gfzm 8 21.51  0.29 100.00  29.88  100.00 0.26 7.34 21.55 100.00 8.11 100.00 0.05
10 0.04 031  100.00 100.00 3321 1270  0.04 0.16 0.19 100.00  100.00  100.00
AR 5 361479 78632 22200 22600 121590 76800 39674 197453 15588 33782 33782 19 399
Range/m 8 27300 41049 78632 196241 84522 13900 329782 183250 84334 17000 33782 89274
10 26327 40356 78632 78632 33300 18600 74478 27366 17 840 33782 33782 33782

WERE 5 0343 0916  0.436 0211 0791 0471 0767  0.657 0.162 0.998 0.402 0.276
K 8 0.062 0948  1.000 0.879 0411 0.008 0620  0.694 0.472 0.151 0.939 0.987

10 0275 0980  0.744 0.999  0.141 0.012 0504  0.481 0.425 0.999 0.860 0.961

2% 5 0.015  0.065  0.006 0.017  0.003 0299  0.009  0.015 0.058 0.190 0.002 0.021
Residnal 8 0.125 0446  0.014 0.122  0.023 0.036 0043 0392 0.013 0.196 0.543 0.003
10 0.112 0128  0.105 0.038  0.005 0374 4.180  0.176 0.003 0.197 0.013 0.000

B, RBUER R/NFOR TS A G VE R RR S TR BRI O DX 1Y 1 S A B A R 3 A B
o B4 ZEUNT 0.25, IR 2 2 [a] H AT 58 25 [A] A1 TESEATIERER, 25 FE B ST X S B HE AR AS (05
ek, 2 A SR R 22 B0 s 7E 0.25~0.75 22 [l 15 B R R B B A ot IS K R VA AR
AT S 25 (A M DG, 52 45 A0 P 5 B AL A: TR 25 52 B EIATIRE G IR 220 RO AP (£5)
A KT 0.75, Ud B 28 [AAH C PR 55, 22z B pLME: A P22 ] - e K R T SR Ay A ) o A (L 3) o B4
R AR T L U A RO L AE S Il s L an 2l N T RS N RN s 5 e v ad I
AR b IETEE T SRS NS S ity 3K o —ER oy - 7% 50 LU AT Sk B SR 5 T
TRl VAT 1 R HOK Ay ER SRS R EUNT AR IAAIR O . K AR S R R AT Sk
0.25, Ut P %8 ()48 53 B2 25 N R s (HdnAE PN TP RSN B SR 5 e i P A kst ik, £
TEHE RZBET LGN, SRR XS A7 AL SRS L AR 28 N TP B N 3 S P 5 5
DR 28 R 235 P v PR 2R 3 i e 2 AR 5. 5.8 A AT 10

RN ~, > > —hghe b e HH- ¥ i éﬁ =
AMIETSN AT S s sy 0000 R RESNEEREERRESM
A K NI S o RS TR 2R P Table 5 Error analysis of interpolation results of inverse distance

w RSN 8 L s ight method

R, MRSE R EORT | LIS RIS 5 e P _ B _
f B A A R A SR A 7 A T IR S Sl S
é%‘y'l‘l Tﬂﬁ&ﬁ%ﬁ(& ° 1325 7K 4 Soil moisture content 3.177 0.446 0.482
2.3 IDNETIANA IS AR T AR H Lk -t - 5F + 4554k 53 Soil salinity 1309  -0.189 0501
ﬁf"‘é |‘H-_| ﬁ*ﬁ#ﬁ% + HE44% 25 % Soil ammonium nitrogen 1.131 -0.039 0.543

25 (AR 5 P A AEAE 2 % B S AR 5 1 | T 42 + YA Soil nitrate nitrogen 1.684 0.576 0.449
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Soil moisture ?oilksalli)nity/
content/% g kg
Il 4.01~5.55
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Soil ammonium Soil nitrate
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(mg-kg™) (mg-kg™)
I 1.25~1.98 I 0.29~0.30
[ 1.98~2.73 I 0.30~0.31
[112.73~3.49 9 0.31~0.34
L 3.49~427 [77.0.34~0.44
[ 4.27~5.07 1 0.44~0.77
[15.07~5.85 0.77~1.79
[ 5.85~6.61 [ 1.79~5.04
B 6.61~7.36 70 5.04~15.54
Il 7.36~8.09 T 15.54~18.67
I 8.09~8.01 9 18.67~19.69

0 15 30 km

B3 TEAKE BASESE HERSETESH
Figure 3 Spatial distribution of soil moisture , salinity ,ammonium nitrogen and nitrate nitrogen contents
AP RUGB IS . N TP Il LRy A sk R DR L e 3t DX, L3R 0 s L X AR
UHFNSGEYN 5 BT P Rk . LSRR S SR P AR AR L R 2R N 5 13k S R (e
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Figure 4 Overview of Manas River basin
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