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W OE: UDUIHLIX IR AR S G AR B A RS B AR TS AR SCRUBIRBT R R TS T R AR 4, 45
BVHET 74 MHHERESS 6 MBS R | m)HHE, REMITT S0 FEPHERT DB X OCHE R Mg . 45 RRHT . K
VEBFUET 3T, Forp bk & &30 387.2~460.6 g/kg, T Bk ARk & B4 9 F X148 50 330.6~400.9 g/kg 1 55.7~
67.1 gikg, TIEMEP A IPHEEE L . HHEMERIE T R EE, 0~20 om TRE L SERE BYDE et E 150 E, R
ARG BRI SR DRI, IR RTIA 97.1 ghkgo R T AL L R M 0 = LSS M RAE , SR 2RI
JE SRR IR VA A S, Hirh, IR BRI A B R (R™>0.85), FEZS RITRIN A i, REHLARMAE RO T
[ Y- R 22 TR [ AR (R*>0.90) 0 &7 1, KIIBHERGE T VB X + 3, (2df TRk, Eh BRI AR, ik 7kt
R (EL RN P Rl SR A A KU B2 12 o 7 45 50T ) 4 45 R 300 M X 498 T R B A A PP B, B AR MR R 7 25
T RUE SV X T A 9 e 4 T 4 R TR SR P P
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Impacts of Fifty Years of Cultivation on Soil Texture and Salinity-Alkalinity Characteristics in

the Desert Areas of Xinjiang

XIAO Ying"*, HU Jin>*, HONG Yunpeng®*, LEI Jiaojiao'*, SONG Xiaodong'*"

(1 State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing
211135, China; 2 Key Laboratory of Watershed Geographic Sciences, Nanjing Institute of Geography and Limnology, Chinese
Academy of Sciences, Nanjing 211135, China; 3 School of Ecology and Applied Meteorology, Nanjing University of Information
Science and Technology, Nanjing 210044, China; 4 University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Due to the ecological fragility and high risk of salinization, desert soils have become a focal point in soil evolution
studies. This study focuses on the No. 12 Regiment Farm in Aral City, Xinjiang, and systematically analyzes the impacts of fifty
years of cultivation on key soil properties based on a comprehensive investigation of 74 cultivated profiles and 6 native desert
profiles (1 m depth). Results showed that long-term cultivation significantly improved soil texture: sand content decreased by an
average of 387.2-460.6 g/kg, while silt and clay contents increased by an average of 330.6-400.9 g/kg and 55.7-67.1 g/kg,
respectively. Soil texture transformed from sandy soil to silty loam. Soil salinity was markedly enriched along the profile, with the
electrical conductivity in the 0-20 cm layer more than doubling compared to the desert control, showing typical surface salt
accumulation. Calcium carbonate content also increased significantly, with an average increase of up to 97.1 g/kg. To further
quantify the three-dimensional spatial distribution of soil properties, several depth function models were employed to fit vertical
variation patterns. The binomial exponential function yielded the highest fitting accuracy (R*>>0.85 for all properties). For spatial
prediction, the random forest (RF) model outperformed boosted regression trees (BRT) and multiple linear regression (MLR),

achieving excellent performance (R*>0.90). In conclusion, long-term cultivation has improved soil texture in desert areas,
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promoted the accumulation of clay and silt, salts, and calcium carbonate, and accelerated pedogenic processes, while also

increasing the risk of salinization. The index function with a constant term best assesses the depth variation patterns of soil

properties, and the RF method shows the optimal performance in predicting all soil properties from spatial scale in the desert area.

Key words: Desert cultivation; Soil texture; Salinization; Depth function; Digital soil mapping

TR 5 AR TR 40%, XU
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AR 27% 7, FES AR TR TRARE
TERHLIX, KW=, BRGNS, fEX—T5 5t
T, TRX g, SS5amal. AP0 &k,
0N 10N s N s £ B w3 A £ A B R 52 R
FERTFIX L Hh, R F VB IX 1A 7 ) | Pk
MR 4 M s X T e K Je B B U 1k
RFEEALBT iR P E T T B, B AT PR o R AEFR
ETRXAAR T2 RN, SRR —
A2 B 1 PN i S S A VDU X A B T, R
A, UL RTH, $FFRKF, Al A
AP (H kst 2 L BEVERRAE o 5T 46
VP HLIX R AT B 6~8 S JE #a THaE , b5 T
REPR A AN 1 K B IR SRR AT S 3 i
ROl AR ZE Kol . BRIk | ETRAR Y X 3,
TIER G E MR, FHARKAEIBA, R A
A

H I TV 5 b X 4 R AR 3 2R 1 R St
SEAECIRE =2, JE R T RUBE L o b 5 6 43 1) o B AR
AT JE o VDI IX A 38 i) vy 7 A P 5 728 1) ok 7 AT
FRERBCHAF, ARG A2 2%, J SR i L) 48 7R
S0 PRk, MG R AT IR VE ST 48
5E 052 m, A B TR 5K A s AR B Y
PR, SCHEARGALBIE S LA R

7 4 3 F (Digital soil mapping) AR K&,
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HAE R, UL, AT LT b AR o ) T AR b 2 ¢
U R R RO R R LA 1 R B AR AR
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SERURR AR ABES S R A EE BRI ST ARR
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IR AL, FEHEAE VDX

T LA AR ST L e SR bl XK
THONIFTEN R, LRGs HEFANREE | 25 %E A
R0 e P A5 T B, BEATERDT T RIAIBE T e
MR 737 - S T A4 AR R, RIS TR R bR
HORIL g 27 > BEAUXS = 4k 725 0] o3 A FRAE AT T 90
M RHKTEEVEAY, DU R VDT BoXt A AL 2 m
DR UB M X S RS A T A B R R A

1 HREH®

1.1 HAREER

F 5T X A BT i 4 R H TR DX 5 95 bl DX BT R
(IR 2 il o7 v a1 B N TP S T A 2
B2 AL, i B B 81°17'E~81°22'E, 40°28'N~
40°31'N, JLARIE B, B 4RIE sihi g T (K 1),
AL 5 400 hm®, ZIX4E H BRECGS, 453 H IERTEC
92303 h, KET5H, FFHBEKEIRZE 60 mm,
AEMZEHUE K 1800 mm. [ 1953 4R B 57 75 4l [X %4
G 3T AR ZE X A R AR — I LA, R vk ik
SR KB TV R ek AR o HR A 2
A O S S R R AR, AR X O KR+
Ho FRHERE 50 4, H AP AREFETARZ) S 80%,
LIARFIRW 2 5 20%.

AER, WA ER VIR RIT & . 2P Z BT
B A KR TR e E , BIF5T X 4= ] FH A =) &
AT AR BT AR, PRI A SRR, F
3 HURIFEBE X 29 T & R B A N T o (H
IR, o S b s s A 2 51 & 3R T
b, it T RS S G,
1.2 #HERES4E

SRR A 2 A B Az J BRLAR: 4z R R U] DO A A o
ATVEN , AL P& A G 500 m, A PH B E Al BE 1 km,
AMFFE T 2019 FFAERF G X AT 74 AFE R SE L4
(TG)o BAFEASFT 3 A 4N, BhHL 1 m IR, #22 i 0~10.,
10~20. 20~40. 40~60, 60~80. 80~100 cm F:R4E 6
JEFE R 3 M R ATIR AN 1A, 24 1 kg.
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Fig. 1 Study area and sampling sites
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FFRIE, FHOKAZEERE, 5 Ca5 s
HCO; [ RRFRASULTE , i BRI 1 445
. AT RES | K& AL . RIt, ARBFFTLL A R A
BRFRES & BEVE R R “ER7 R Bl M E R AR, H
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[T TN BN T 1 e QN 5 LT3 2 5
P ) O B A Ml T A e B TR KL T A M T 2
{T: %5 (Shuttle radar topography mission, SRTM)IEE
DEM ##fi, 7£ SAGA GIS FF42HUF T .

1.2.3  @EEEdE  UE 2019 4F 8—10 ARyIH—1k
9% 45 L (NDVI) |« Eh B 45 %0 (ST) A ik 12 £6 45 %L
(CAEX)=55 S5AE Hy 1R VI 5 28 J /8 5 145K [ hittps://
search.asf.alaska.edu, i ArcGIS Wk MG EE %,
WA B A B FRAE R 10 m Y28 (A3 R . IkAh,

ZIRFR X MEA R, [EELIFAT R, FEit,
WA TR AN A A

NDVI. CAEX Fl SI & # MRy @ BB &, T~
TR B R R B 5 3R
TR B SR SR R AR o AS ISR R AR BT R Tl 5+
A4 e B B R B, T Sentinel-2 DA ZHEi%
SAGEHRAR IR 3 FHEEL, IT45 G i BORE#E T
B3 AMEROY I I B U, REA R >
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NDVI=(NIR-R)/(NIR+R) (1)
CAEX=G/B (2)
SI=(B-R)/(B+R) (3)

XH: R G, By NIRPHIERLL, &¢, . iTL0sh
Ve BEAy R S T3, HABYER N 0~1 AIF R BB (F
S EALEEERLL 10 000 3145).
1.3 BHRAE

Ry Al A M 1 1 = A 2 [R] AR RRAE , AR
g8 XA B T £ ot 4k M 171 I3 (Multiple  linear
regression, MLR). #&7F a1 5 (Boosted regression
tree, BRT)MIFHHLAR M (Random forests, RF)3 Fji H
B - e RIS 1) F00 25 2R K RS BE , IR FH it
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— ] 2 A e, LRl S T [ U A% (Regression
tree, RT)5 42Tt (Boosting) P Fh8E ik (g Hy, 8
AP 224 a7 o [l U A R 34 5 T 1 BT, BRT
A bR AR R, DR 0 AR 4
Xf BAG AR H LA R A B WL R A 7 A, R
PR (i 22 3k B e /NP0 RF R A2 — R AR MR AU AL
AE 2], JEH Breiman? R A —Fh T4 24
W Ry A . lad R A bootstrap FE HMEERY
A TR R R AS , LA RIRENLYERS B 1, R
I A SO AR A 37 R PSR, A AL AR AR . X
T RF B8, BT A P S w45 21 i 7 4 AE R
e & TN 235 5 o T E A A8 4900 T e B TR B AR Ak
BRI, TR EE sREOR — P T vk .
LT A e Ve e L T b i s AR, A
FHAICE PRV FLAR A R A A T H5 RSN o 38 2o
HEPREL, ATSEIIXS BT HARRAE | Ry AR R
FEAN RN BE T RS 44l
1.4 FBETEM

A5 2R FH BA — 38 I UE X B30 - 498 o] [l L 78
HATAEBEVIAN o eI 48 X015 25 (MAE) . Y75

22 (RMSE) P R EU(RHE IR B e 5. R® R
TR K AR AL B RERE T, R 0~1, {ECR
FORBIIE ORI ; MAE 3R7R U (A Ao (|
Z B2 6 R 22 1P HI{E , RMSE 27 FUil (A0 (i
ZIRIZESHEIT R, T FEBN, R
0235 SO A

2 HEREHN

2.1 50 FEHHMEX D EMX TIERE MR

2.1.1 - BET AR R R 1 FdlEnT%En, 50
AEMRVEAS B 3 AR T VDM X A A T MBARAE L X
FARAEAE 0~100 e TREEJE N 2B ¥ 225, B
IR, RIERRL A i 0 SRR, P A R 936.0 g/kg
[% 2 475.4~548.8 g/kg; L3EMyR AR A ) i 2
o, Horhokykn & ECFBIEH 61.0 gkg IR
391.6~461.9 g/kg, Fhki s a FH4ME M 3.0 gkg 1T 2
59.3~70.1 g/kg. MG EPRE] 158 o 2ehn i, 1
96 10 Hb A2 - R AR SR b S O L R HHE
(Vb e T L b8 5], iAE 50 4RSS B+
AR R EE b iy 5+ I

R 50 FHHEX LIRAIEFRL. MR, RS ERTM

Table 1  Effects of 50-year tillage on clay, silt and sand contents in the soil profile

T )m v TREE (em) PN e /ME FHME
TG TG CK TG CK
Fhobi S & (g/kg) 0~10 242.4 9.9 3.0 59.3 3.0
10~20 241.8 12.3 3.0 59.6 3.0
20~40 2372 8.2 3.0 58.7 3.0
40~60 312.6 11.2 3.0 59.6 3.0
60~80 327.8 9.3 3.0 70.1 3.0
80~100 304.2 7.9 3.0 62.7 3.0
WL i (g/kg) 0~10 682.8 61.0 41.5 61.0 394.1 61.0
10~20 682.0 61.0 94.6 61.0 391.6 61.0
20~40 694.4 61.0 81.6 61.0 397.3 61.0
40~60 835.4 61.0 75.1 61.0 409.2 61.0
60~80 825.3 61.0 70.8 61.0 434.6 61.0
80~100 867.0 61.0 58.4 61.0 461.9 61.0
R i (g/kg) 0~10 948.7 936.0 143.9 936.0 546.6 936.0
10~20 893.2 936.0 157.4 936.0 548.8 936.0
20~40 910.2 936.0 134.8 936.0 544.0 936.0
40~60 911.6 936.0 19.0 936.0 531.3 936.0
60~80 905.4 936.0 20.5 936.0 4953 936.0
80~100 919.9 936.0 20.8 936.0 475.4 936.0

. TG FmBHE 50 448, CK FRXf By 3, T,

2.1.2  HHEERSPIRGLANRR IR ES & = AR L 23 50
ARERREVE RS B, DR 5T DX U A 33 R R 00 AR TR 5 5

LA T REBMGER 2), Hh, TG HL T30
CK 2B R9esh, i LR 100%.
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M, 22 HI0~20 cm)AYHL SR N, A
CK 19 0.3 mS/cm /47 2 TG 1) 0.65~0.81 mS/cm,
T 3% 2 - 4 FoR I 2 BRI AEf . [, TG
BRI ST CK, HARIH I 8 A EE /0 R R
%, A, TG 7E 0~100 cm 12 CaCO; &I
F CK, X R KPR T L3 CaCO; K&
&,
22 TEEWHES A EREIEE

23 BAERW, R 4 Fh 3R PRI AR LR

A FTREAAfE 2 S, (AR R IRTeEOc R . Hi,
WA T BT RS R (BEAY 2)7F 3 NMIEAR TR bR LY
T, A e i R LA R A% () RMSE #1 MAE.,
XPEL BB (R )L A RO B 2%, L AR
FURYRL S B HL A b R IR 25 (ALY 2 JL5 1
HIBYER R*EX T 0.85, W LS aA RO .
XG5 RT, AR 2 il AR AR ek RE
TR AR LR, BRIUL, ARHIFSE 5 S0k R R i A A
PEAT 3R MR = 2 1A

R 2 50 FHEX LA RS RINRER S AR

Table 2 Effects of 50-year tillage on EC and CaCOj; contents in the soil profile

3R R (cm) PN F-HME
TG CK TG CK TG CK
EC(mS/cm) 0~10 3.50 0.50 0.06 0.09 0.81 0.25
10~20 3.52 0.63 0.04 0.09 0.65 0.32
20~40 2.69 1.75 0.05 0.10 0.52 0.66
40~60 2.49 0.91 0.04 0.08 0.50 0.42
60~80 3.03 2.68 0.04 0.08 0.58 0.70
80~100 2.75 0.84 0.04 0.09 0.62 0.29
CaCO; ¥ Ht(g/ke) 0~10 159.70 139.00 82.10 0.50 105.80 36.45
10~20 164.50 107.00 78.10 0.50 106.50 37.73
20~40 178.10 77.50 81.30 7.70 106.01 44.00
40~60 197.30 110.00 79.70 0.50 109.84 64.83
60~80 188.50 78.00 78.10 0.50 114.06 26.78
*3 BRERBMESLIEERMNEE
Table 3  Accuracy of function fitting for soil properties at various depths
T )m v RS TREE PRI A R’ RMSE MAE
EC(mS/cm) i 1 A-ebderth 0.87 0.23 0.13
Y 2 B+4- ghderth 0.90 0.21 0.13
LAY 3 A+k-In(—depth+1) 0.85 0.26 0.16
CaCoO; ¥ 1 (g/kg) LAY 1 A+k-In(—depth+1) 0.85 8.93 5.49
FiHd 2 A-ebderth 0.87 8.85 523
FAY 3 B+A- ghderth 0.75 9.28 5.94
L7 2 (g/kg) BiRY 1 A+kIn(~depth+1) 0.84 8.94 6.13
FiHY 2 A-ebderth 0.89 8.77 5.95
A 3 B+A- ghderth 0.69 9.65 6.53
WL i (g/kg) A 1 A+k-In(—depth+1) 0.82 7.53 5.13
FHY 2 A-ebderth 0.87 7.02 5.01
A 3 B+A- ghderth 0.68 8.14 6.08

2.3 TEEM=4ZEHNSHE

¥ RF. BRT Fil MLR =FhJ59%, XF 0~10 cm
)2 4 PRI T, 25 R HEM, RF 7
BAERTA TR VR R T o 2 R B B UV RE T

JEPER TN R* it 0.85; R BRT ikt £FH
FEXT AP T EE J7, (B RF BB HLATAEAE—
ZH; MEZ T, MLR ki B s f i om b

KL, A5 R A RF J7iE% 22 0~10 em 38 @ 4
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BEAT2S ) T50 , [ R 235 45 B 52 1) e T R 8 (R 8

2), XGE X MR AT = dE A [l A . pesbh, fil

HIFES RO 4 PP HIEJEMAGR{ER 0~10. 10~20.

20~40, 40~60. 60~80. 80~100 cm A {H, LIRS

4 Fofp - 88 JE MRS AT 9 23 [R] 43 AR R (B 2~[81 5).
R4 FEBERNLIREEHFEE

Table 4 Accuracy for different models to predict soil properties

d- g )m M HERIEAY R’ RMSE MAE
EC RF 0.91 0.25 0.12

(mS/cm)
BRT 0.85 0.28 0.13
MLR 0.24 0.56 0.28
CaCO; & & RF 0.92 9.12 5.53
(e/ke) BRT 0.81 9.35 5.67
MLR 0.16 17.21 11.75
kLA RF 0.93 9.38 4.28
(e/ke) BRT 0.83 9.47 439
MLR 0.12 18.80 8.64
BB RF 0.92 8.15 4.08
(e/ke) BRT 0.80 8.54 439
MLR 0.15 14.26 7.17

3 i

R E R T HFSE X VD MR L S o i AR

) % ,, 0~10 cm

40~60 cm

VM-SR . L33 CaCOs 5 1 3 Fh LI m 1
T T AR R 5 O S AR AR B vb i X
IR AR

S M R S W HEZE A R AR 25 T RE 1 EE 2 AR
Fro ARBEFEH, 50 AERHE R E T TV X 10
BORLAIRERLI S (R 1), TR s A d
bEE L XREIERESZ FLAR T IURR | A i A S
BRSIRTARSE Y IR CRSER (B M NIE S S /as]
A BT A DIADE S EMRAR SE T AR R R 1Y
o] IR VER, A LR AR R s 1 g DR 2
R T e A AR KRB AR R TR
R, B T R AR A J2 S, T PR R
UL B IR A B TR o8 22 3+ 598 o 2
[E3) 7313 B Sk 25 50

TR SRR R T RHMEE R T B X
TR TR, o nT R R SR BN . ABTTE
50 AF AR EAR T T Y R)Z LR (R 2).
X — 75 1] A 82 BRI AL 25 51 ASRFE S 1, T
W SRR A ER Sy s 3 — T Al BRI e
SURI LR 2% K o B Tl B K E I
TR, HEMRMIAERZN, Wk, Vsl HIF
St AR T - 58 e 5 4 R 20 AU, =2 1] AR
i, DRSS PR B, DU ZEETE R SR
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Fig. 2 Spatial distribution of CaCOj; contents predicted by RF model at different soil depths
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Fig. 3 Spatial distribution of EC predicted by RF model at different soil depths
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Fig. 4 Spatial distribution of sand contents predicted by RF model at different soil depths
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Fig. 5 Spatial distribution of silt contents predicted by RF model at different soil depths
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