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Abstract: [Objective] Overuse of Nitrogen (N) fertilizer results in a low N use efficiency and intensive soil nitrate
accumulation in arid farmland critical zone of China, which threatens eco-environmental safety. Elucidating characteristics of
soil nitrate accumulation and its influencing factors can provide scientific reference for integrated management of water and
fertilizers. [Method] The Aksu region, a typical arid region, was selected as the study area. Regolith core samples were
collected from three drilling sites including XJ1 (40°36'48.7"N, 80°48'14.2"E), XJ2 (41°16'16.2"N, 80°19'9.1"E), and XJ3
(41°20"37.6"N, 80°17'11.0”E) along a topographic sequence from south to north, with depths of 7.75 m, 10.52 m, and 9.91 m,
respectively. The drilling sites were located in a 60-year-old cotton field, a 32-year-old apple orchard, and a 15-year-old apple
orchard, respectively. Key soil properties were measured and their relationship to soil nitrate concentration accumulation was
analyzed using linear and nonlinear correlations. [Result] Significant accumulation of soil nitrate concentration was found
under cotton fields with a low altitude and apple orchards with different planting years and a high altitude. Soil nitrate
concentrations at depth can reach 44 mg kg and soil nitrate accumulation occurs deeper than 10 m. Key soil properties
including soil water content and soil particle (gravel, sand, silt and clay fractions) sizes could explain about 50% variations of
soil nitrate concentrations with depth. Among key soil properties, soil water content and soil particle sizes were found to be
the main factors determining soil nitrate accumulation at depth. Soil nitrate concentration was generally accumulated under
conditions with a high soil water content and a fine soil particle. Notable denitrification below the groundwater table at a
depth of 4 m occurred under cotton fields and led to a low nitrate concentration below 1 mg kg. Notable denitrification was
not observed below 10 m under apple orchards with a deep groundwater table and soil nitrate concentration was intensively
accumulated beyond the root zone deeper than 5 m. [ Conclusion] Soil water content was found to be the below-ground
direct factor determining soil nitrate accumulation at depth. Soil particle sizes were found to be the fundamental factor
determining soil nitrate accumulation via controlling soil water content variations.
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Fig. 1 Map of study area and drilling site distribution
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Table 1 Drilling site information in southern Xinjiang

EEAs) R 2 oL A FR S K RIS FE a2
Number it} Planting Latitude and Elevation/m Depth/cm Number of
Land-use years/a longitude samples
type
40°36'48.7"N
XJ1 fiH 60 971 775 28
80°48'14.2"E
. 41°16'16.2"N
XJ2 SR 32 1129 1052 47
80°19'09.1"E
. 41°2037.6"N
XJ3 B QT 15 1213 991 48
80°17'11.0"E
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—# T 4 CIRIRRAEFE T ORAT, SH— 0 TEANRNT . LBRESKTEBET, okt =2 mm 1
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THE (KE 1250, %G ENE R . RERE . TREREH -2 182, nIVEER (Rl ks
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EEFE, THERK LIRS 1h, 78 4500 r mint 448 F 550 15 min, 550 58 52 5 3 5 28 0% B
BT LS, BB B2 LIS WO 0.45 pm FLARIERE T 15 mL B0, HRESHR S
Hr{X (San** System, Skalar, The Netherlands) Wl %2 S H T PE A HSEMESE S ®, FIH
ZEWIF A E A AR S R, B LiERGE 0.22 um FLAANERE T 2 mL AR, Al STl
% (1CS-5000*, Thermo Fisher Scientific) il & J& &S T & &

1.4 HUBEAIE

Fi Microsoft Excel 2010 AT 222, H SPSS 25 #HATHEIAVEGTH BT FUAH S 43 H7 5
H R #AF randomForest 72 /7 BT BENLARMBERLIZ 5, 3 Wi AN A8 S 0 245 20 R ARARFAIE 1) A X 22 22
£, FH Origin 2021 pro #E47 B £ 24

2 45 B

2.1 TIFFEALAMRRENER 2 FE

Bl 2 7o R AN SR el i L g M P RS A S e ARy, HrP AR FhiE 32 a F1 158 [
SR A S RIR EVEE 439 0.78~87.73 mg kgt. 0.56~44.22 mg kgt 0~20.71 mg kg?l, KSE
B 2359 14.61 £18.28 mg kgl 14.82 +£13.03 mg kgl 4.23 +5.72 mg kgt. HFH M 15 5 H
BTN, IR LRI 5 38 0~17.44 mg kgt 3.79 +3.89 mg kg; P SR el
i 3 R A A HURRAR, FOREEIIME/NT L omg kgto A B AN SE SR el 5 T 3 A S IR B L
# K BB N KT 0.10 mg kgt B TR IIFR (0.003 mg L), 45 25 %GR B FE AR TR PR (0.046
mg L) (HAF 4R A2 8L 6 m IREE L TS B FERERS, Wik 4.57 mg kg?t.

A FE NS SR el T A S AR R R (L m SRBELAPN ) JE AR I A PR B R B B R
fiE, TIEGRIBLIE (1 m BREELLT) I Hal R RARRHE, H BB IREE. TESHA
A (B 2). fH R, MSEIREA A RARE, 730671 158.5 cm 1 322 cm IR EAL, 1§
537128 17.88 mg kg™ F1 16.00 mg kgt. Fife 32 a [~ Je il 3l b, AEASEIR A DY BRI,
43 37T 304.5 cm. 450.0 cm. 686 cm A1 848.5 cm Ab, UEAH 414 16.24 mg kg™ 36.20 mg kg?.
39.86 mg kgt F1 44.22 mg kgt. FhiE 15 a MR b L FI T T, RS EIREEA — > SRRl — R,
AT 479~663.5 cm 1 814 cm &b, UE{H 7375y 20.71 mg kg™ #1 10.25 mg kg2
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Fig. 2 Changes of dissolved N concentrations with depth under different land uses
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S SRR, B AR R kL B i g T, A ASEUKEELE 158.5 cm A1 322 cm
IREERL A BRI, S5 RRE. BrRA S KR (1) AR A, B B . A EIREAE 1~4 m IREX
() A5 B VR 1 B RRAEARBL, 4 m VR BE DL N B FIRFEIE K. B 32 a 139 SR el 3381
M, EAZIKRESE 304.5cm. 450.0 cm. 686 cm Fll 848.5 cm AbHIPU /S RERIE, [FIFER SRk & & .
RS R EKE RN BAHRT R, AR S S B FIRE I BRI AR — . Fiid
15 a 30 SR ] 33 T R, RS EUR FEAE 479~663.5 cm A1 814 om I 5 b ) B8 I R 2R, [ A o B 28
Kiori, BbisE. S/KE. S FIRER R, (HE 218 cm &b, FRSE. Bkl s & R
A HIUAH A B AR, T T /K B ik B A

B 4 o 7 EER S SR e 51 T v 458 pH A S BB IR ARG REAE . AR H L MAE 32 a F1 15 a
SESRFE R FIE R, 3 pH TFH{E 2 5N 8.16 £0.25. 8.63 +0.36. 8.91 +0.24., A E3EHH A, 4
o EAEA FIRFEIILE 322 cm AbAG R ARG . PPt 32 a (130 Bl L3RI, AHESEUREER 4 %R
RGN B FEAN AR S ER 4 A BF0E. Fidd 15 a B9 R H e, RS EIRE It 2 AN T 1%
M, AR E AR
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Fig. 3 Changes of selected soil properties with depth under different land uses
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2.3 TIFBEAESRRES TIEB XM RNEMRIELM X R

Pearson £k PEAH MR R W R ERT L (0~775 em) AP ARSERE (0~991 cm A1 0~1052 cm) ()i
BIREEHEN, MARKRESEEGE. BRSE, FNEE. SKEEMEE EMEH, 515
pH. ABRLAITR A & 2 W3 UG (BR 2D,

BEATLARARAIL TR T A FE RN 5 32 5 7E 0~100 cm. 100~775/991/1 052 cm A1 0~775/991/1 052 cm
L RIR G A 3 OGP S AS R B AR S (R AN DTk (1 5D FIEINZE SR i 7R 7E 0~100 cm
REESGFEI P, A AN S SR el 398 O A M D 0 A 2 R FE A e ) S AR B R AN v, BUEVE L
2%~21%. {E 100~775/991/1052 cm VA BETE PN, Aim FH AP [ 4884 S BRAL 1M 0] il 25 UK AR 5+
MR R I E, BUEIE EY 42%~57%; i B ARRE 22 ey (1) S 35 M 3BV B O S K & ki &
HRE S B, 32 a PR [ R R a1 S B P R A pH S/KEFIERA & &, 15 a 3¢ ALl fiire
R 3 1 3R 5 pH RS K B #E 0~775/991/1 052 om P FE VW I Py, A H RN L el 35
IR B 0T i 2 AR AR S PR R R Sy, BTG N 44%~63%: A H AR 5 an 1) i 35 1
T IENE B 5 100~775/991/1 052 cm IR EEVEFEIMI AR, A RUS . pH AIRRC S &, 1 P Al SR [l f
PR R M 3 5 100~775/991/1 052 em IR FE G AR 1A

R 2 LIEWSRIRES B XREU M RNEX M
Table 2 Correlation coefficients between soil nitrate concentrations and other soil properties

HASR oH Eoe! BKE Rk L A A
Nitrate N Total N Moisture Clay Silt Sand Gravel
T4 &% Nitrate N 1
pH -0.647*** 1
4% Total N 0.639*** -0.500*** 1
7K & Moisture  0.379%** -0.209* 0.477%** 1
FHAL Clay 0.475%** -0.702*** 0.631*** 0.478*** 1
Mk Silt 0.549*** -0.877*** 0.554*** 0.455*** 0.848*** 1
L Sand -0.547*** 0.862*** -0.585*** -0.472%** -0.903*** -0.993*** 1
54 Gravel -0.350* 0.456** -0.217 -0.684** -0.568** -0.638** 0.631** 1

7E: *P<<0. 05, ** P<<0. 01, *** P<<0. 001 (XU ; FTH S AR n = 123, Note: * P<<0. 05, ** P<<0. 01, *** P<<0. 001 (Two-tailed test),

the number of samples is 123.
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Fig. 5 Relative importance of selected soil properties to nitrate concentration variations predicted by random forest model
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re, [ AS RN RE ST B00R, X0 32 a SRR FE L 3EHI SRR 15 a SERFE St 100 2
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Fig. 6 Changes of soil nitrate concentration, clay content and moisture with depth under different land uses
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