+ 1% (Soils), 2026, 58(4): 961-969

DOI: 10.13758/j.cnki.tr.202504180149 CSTR: 32214.14.tr202504180149
MR, TR, LIS, S, 50 AEHEE T BT U X A T b AR BREE 15 .+ 32, 2026, 58(4): 961-969.

50 £ HHE XS F R0 iE Mh X 1 1% R b A0 EL 55 A S2 I

KO8 M, mEm RS, Rk

(1 YL AT RRLE & i 4 1R B SR U0 2 (P R A e R B L EOFSTN), FIRT 2111355 2 HhEBMF R A R T S0 2 (h R b
A S HE B SRS, M 211135; 3 MR R TREREASENMHAL P, Mal 210044; 4 fhEBZERE RS, Jbat 100049)

T8 E: VUL X P AR AN S AR A XURS: 1A - 3R AT Y Y R . AR SC AR RLR T8 - AR o 4, 45
AT 74 AHHERESS 6 MDBIRE (R 1 m) e, RGM T 50 AEHHEXT DB X ek - e m PE A . 45 R R K
Ve P T R, H P RbRL & OF /b 387.2~460.6 g/kg, 1R A AR & 140 0 E- K38 330.6~400.9 g/kg Al 55.7~
67.1 g/kg, TIEMEPHEAPREIE L . HHERMERIE T R E L, 0~20 om TRES L S ERES BYDE e 1 5L E, R
ORGSR BN, SEHIE R REIA 97.1 g/kg. N T HE— ARG+ BB MR = YESS W MR, SRR
JE BRI IR VA A S, Hirh, IR BRI A B B AL (R?>0.85) . FEAS [RITRIN i, REHLARAMAE AR T
[ Y A0 22 JE LR ISR (R2>0.90) . &5 b, KIIHFVERICE: T bt X + 398 st , (2 E T2k . SR FIBRIRAS A BLEL, ek T i+
R (ELRI P R R A KUSS: B2 12 o 7 5 5T ) 4 45 R 500 M X 498 T A TR B A A PP B, B AR MR R 7 25
) RUBE LSV b X T A 9 e 4 T 4 J TR e I P

KEER : VUEHHME; R Eheifh; WEREG HE HERIE

RESHES: S159.9 XHRARERD: A

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

TRIX 25 2 ERRE A 40%, S&XFAEAE
P R Ay IX el — M [ A7 e A pa ol e ™ B
MERZ—, Sciifbtbm Al 260 7 kme2, 4
BRI 27%P, T FE TR T RARE
TR, KFEEZ, AERGEMT . EX—7 5
T, TRXHEFHA . S5HRE. AR RAR.
ERBRAL R, U 24 R AR R, Rl B
FETRX LM, XTI T X 3847 ) | PR
R 2 4 J e B DX e R 2 Sl B J i M A
NFEEEAC B A 10 E LT B, BEEA T T R AR
ETRXAAE T2 R, E R —
FE U1 P RE S 35 IO VD T X S A AL T, AR
K, A, JEFFRIKF, s A =
SAERfH F R st 22 B BEMEARAE L SR 1R
YhEH X IR R 6~8 AR TR E, M A AT
AEPRAE HUR Y K IR A AR S B T T
RO, R HAEZE Kok . Bk | TR Y X
TSRS TG ME, R RAEREA, R X
G178l

H A& F U0 b X 3K B T AR 1 R S
SR BE =, S T R LR S R ) T B AR
ST o VDV b X 3498 ) 5 7= A FH 2 A8 1) i A T
FRERCTAE, ARSI 2%, S IDULIN X L4 7R I
S R, WG RS 3T RSV 39 R
S BREm, A Bh TR 5 X A e AR AL Y
PR, SCEERBUALBT IR S R A

7 1334 18] (Digital soil mapping) 4 A il & Ji2,
H AL TR X A 39 1 = Y s (AR SRR AR R T
B, B e B T -SRI, Bl
Giibet | MGt 5P R 2T SR DU BRI SCHD
SKFRE B A v SR AR B L A
IR H . BRI AR A O R, ATl
JE PR ZS I 0O, BT R, B R E £
ARG, LHRAET R 5T 20+ 584
HA P R B R A R AR 2R IF R BHETY S
T, VDU X 39 ) T R, AR
WAL AR, UL, W5 AR o i E AR b 2 G
A VR R RO R 0L 9 b R AR Y
FHETH, HENFLMEEREALIR, R

GRS JRE S RIS SRR ARk,
HSHLES A TS S , CF 2 R TA LR PR
3% 4 N (E R o 3 8 R E N sl SRS L o
IR AL, R VDB

T LA AR ST LI g SR b XS BAE
THONIFTEN R, LRGs HEFANREE | 282 A
R0 e P A T B, BT ERDT T RIIBE T e
Mo RN 737 e T A4 AR R H, RIS TR R bR
HORIL a2 > B S H = 4k 25 0] o3 A FRAE AT 1790
I EHKTEEVEAY, DU VDT Bt A AL 2 m
DR UD T DX S RS A TS BB R Al

1 HRET%

11 HHRXER

F 5T X A BT i 4 R H TR DX 5 95 bl DX BT R
[ 2 i o7 v w1 B I TP S T N 2
B AL AL, 3 A7 B 81°17'E~81°22'E, 40°28'N~
40°31'N, LRI LA, B4RIE s g T U0 (K 1),
AL 5 400 hm?, ZXAF H B8R, 4R34 H IR
2303 h, S5, FEFHREKEIKZE 60 mm,
AEMZE U 3K 1800 mm., [ 1953 4B 77 75 4l [X 4
G 3T AR ZE X A R AR — I LA, R vk S5 K
5 R KB TV EF R, E RN o AR 2 HE
T A OSSR R AR, P X O RR Y+
My FRHERE L 50 4, HrhARER A AR ZY 5 80%,
LIARFARW 2 5 20%.

WAER, BEE ERVAERIT R . P Z AT
e KT A ORI T AR AEDE , T IX A A
FAME R R AR T BEAb, BEHTE AR, MR &
TRV, 80 B b RS R DX T & R R SR Ao AT
Lo (AR, o S SR A E 5 R
Hedhmifh . fehf it T RS AE RS,

12 #HERESLE

SRR A 2 A B Az J AR, 42 FERI U] DO A A o
AT VEEN , F AL & A B 500 m, A PH B E Al bE 1 km,
ARWFFET 2019 AEAERFIE X AT B 74 FE BUREE - FE
(TG)o BFAMFERAT 3414k, &l 1m ¥R, %17 0~10,
10~20. 20~40. 40~60. 60~80. 80~100 cm K4 6 )2
Fedh e B2 3 M LT MIRA N LAEEAR, 2 1kg.
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Fig. 1 Study area and sampling sites

J5 T 2024 AEAEAR S p R s AL ES VbR b LU R D7
FOREE 6 A LAFEN, VENRY 74 AR SRR IR 4
FE(CK).

121 HiEEvEER PR AR Y AR i LB A
BRREAR R AE, KT, FRE . BHEE . i 2 mm i
&, AT HEEMNNE, ffd SR (EC). Filh(F
L BPRL L ORBYRL S ) FBRIR E5(CaCO,) & it . Horpr,
SR AR 0 o P T 38 R A BT
s, SRR AN I E 4% CaCOs i, HI T
HL 8 g - A0 B g B TR AR G, DR AR S K L
RAEH - HEER A S BRI, B SR, LI
Pk RURS R R, AT BB R W A Kl e o T
CaCOs 7 Il Sz it 1 4= 438 v 4 JS ) Joa 1) ' SRR
SEVPAY LA R B9 B AR AR, FE T Rk
FFRIE R, FHOKAZEERE, 5 Cd¥ s
HCO; W IE MUK IRESTIVE , X BRI 1 4h
¥y, AT RES |k 3k . BRI, ASWFSE DL 36 A
WP S AE L “ER A B Y EEAERR, H
PLATAT 50 AFEFFVEXT VDI kb X 4 HEER G 152 1)
1.2.2 HWIBRH-FEURE WS B M, oF
e SR WIRR R A MR RR AL
9 YR R A6 B P A8 e R T R AL A MU D 2
{T:% (Shuttle radar topography mission, SRTM)UZEE)
DEM %#i, 7£ SAGA GIS i HUR i .

1.2.3 @iEEdE g 2019 47 8—10 A IH—1k
HH 4% 95 B (NDVI) . £ B2 45 %50 (S1) A e 2 £6 45 K
(CAEX)=55 5541yt Jo s i 3 B8 5 413K [ https://
search.asf.alaska.edu. f#iFf ArcGIS LM IH{EHE %,
BT A AR B R AE R 10 m (928 R FE% . LAk,

FIEFIR XEA R, AR RIEAT R, Bk,
B WG AR R FAE IR B AR

NDVI. CAEX i SI J& & H iy B s &, |~
T TR 35 SRR R 5 R
TR B S A TR AR o ASBIESR SR AR BT har ZR- rl
M n B B 5 B, ST Sentinel-2 TR 2%
SLAGBARPEI LR 3 FHEEL, IS AUk BRI AT
B 3 MER I I B I U, e RO
KA 50 1) 53 2

NDVI=(NIR-R)/(NIR+R) (1)
CAEX=G/B 2)
SI=(B-R)/(B+R) (3)
A R, G, B, NIRpHMREL, &, i, T4k

P B R S, HAEYE R 0~1 AP (B (F
AR LA 10 000 3E19).
1.3 MRFE

Al G M G = k5 (8] AR ARAE , AT
5 XF L 4y B T 2 o0 P B ) (Multiple  linear
regression, MLR). #&Ft[E )44 (Boosted regression
tree, BRT)FIFHHLZE M (Random forests, RF)3 Ffai
B T EISTRL A TN 45 SR KRR B, O SR BRI
B APREI . 22 T 3R BIORUG BR pR B 3 IR B2 R EIO
TR AR AR AT TG RA R R
(RS AY 8 Jin A= I IX 1 - S s PR I

Horp, Z 02 01 T (MLR) & — b 2 i i [ )5
GYHTITE, Tz T T 2 A S A% S ] 5
HARAS i, [m) iy R0 28 4 6] 1 32 B30, TR AR IT &
17258 ko PR A B e U8R 2L T2 T £
HE TS Z R A AR R A AR, BT ] AR
(BRT)J&— R 2% > ik, Xl 764 G
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— fA] Y B R A, LR A T I A A% (Regression
tree, RT)5 42T (Boosting) i &k iy L34, 3l 1ot
TR AU A 224 7 B[R] U5 ok 386 ik 0 P i 1), BRT
AR A R, A A E R
X BUAT B TP ARLA AR A LI AT A, R
LT 5 22 35 B e /NP0 RE R R — AR LR L
fRe 5] )y, S BreimanPUg i —Fh L T4y
B4R A% . il ad R A bootstrap =& FE Y 7
VA T ] A BORE A, IR B BERLIE R H Y, [E
R FH 3k S A A ST R PR, A R BE AL AR AR . X
T RF R, BT A5 oS 0 45 S 00 S (84
e LM 45 R o A A - ) e v BE TR AR Ak
PR, TR PR — PR @A vk . %y
T 3T - R M A T P SR AR AR,
FHECE R BO HLAR (b S AT LA AU o 30 3 A4
PR, PISCEIX IR HERE L S R SR
FE AN TRV b A AR
1.4 fBETMH

AR5 R FH BE — 38 S0 UE X 5507 A e ] PR A
PEFTRE VAN o S PP 34 X012 25 (MAE) . Y07 i

2% (RMSE) Flpe 52 Z2 B0 (ROME I RS BEVEAN 4545, R? X
W TSR B AR A R RERE ), YR 0~1, {ERER
FERAE R AR 5 MAE 28755 T30 (E A1 X000 (L
Z )4 % 1 2% BT 248, RMSE 2871 T {2 FrULi (i
Z A 22 S WP AR, F )N, FRPIA
285 SRR T -

2 HRESH

21 50 FEHHMEXM D EMX TIERE NI

211 - BEJmT AR R R & 1 FdlEnrsn, 50
AEHEE A B D 2 U T VDT X B B M RRAE X
FhAZAETE 0~100 cm IREEJU I N A 2 L 5 25 5 . B
PRI, RIERbR 3 i W PRI, 34 1H i 936.0 g/kg
K% 475.4~548.8 glkg; T SENPRLAIZIARL & ) g
B, Hdoky ki & &P 34EH 61.0 gkg &A=
391.6~461.9 g/kg, AR E-F-XfE I 3.0 g/kg 27+ %
59.3~70.1 g/kg. M4 [ B b3 B o bR, 1
8 ST b, P R VAR AR SR - B RSB
(Vb A e i L b8 5], iR 50 4RSS )+
BRI R b i o S+ I

&1 50 FHHEX LIRAIEFRL. WA, R SERNTM

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

T )m v R (cm) FoRME e/ ME FHME
TG TG CK TG CK
Fhoki S 2 (9/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
20~40 237.2 8.2 3.0 58.7 3.0
40~60 312.6 1.2 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
FyRL & (g/kg) 0~10 682.8 61.0 415 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
k5 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
60~80 905.4 936.0 205 936.0 495.3 936.0
80~100 919.9 936.0 20.8 936.0 475.4 936.0

TG FRRHHE 50 4F L3, CK F/Rx By R 3%, T,

2.1.2  HIEE ARG FER IR ES & AL 235 50
AERREVERS B BF 5T DX VR A 3L AR 0 IR PR 5 5

W RAT BEZMGER 2), Hh, TG Ay TR
CK BB Bk sh, 780 2028 F it 100%.
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M, )2 1I(0~20 cm) AL SR N, A
CK 119 0.3 mS/cm 747 - F+% TG 19 0.65~0.81 mS/cm,
M 322 4 R I 2 BRI S Ak, [\, TG
BRI RS T CK, HARME IR AR R
%, A, TG 7E 0~100 cm 1 )21 CaCO, & 1
T CK, XRHKBIHHEM I T 118 CaCOs R
&,
22 ITEEMIELSBRFEEERGEE

e 3 HHRRI, L 4 Fh 3R PR TR AR

KATRfFAE 225, (HAR EHSEIEREOCR .. H,
WA H RO R BOR B (Y 2)78 3 TG TR bR 13
TR AL, BA B 0 R2 DL iKY RMSE Fll MAE.
XTECPR B R (R )AL A RUR 2%, L HAERD KL
FUBYRL & (O HL G rh R B 22 . il FAB RS 2 L5 Y r
HIBPER R T 0.85, s kS LA ROR
XS5 R R, R 2 el A A LR e E R T
TR B B AR AR, R, AT 5 S R T A A
PEAT S P 0 = Ak R

F 2 50 FEHHMEN LIRFIE B SEMHREL ISR
Table 2  Effects of 50-year tillage on EC and CaCOj contents in the soil profile

+ 5 E I (cm) SSYNEN I/ME F¥E
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; 7= (g/kg) 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 ERERHEMESTEREMEMNBEE
Table 3  Accuracy of function fitting for soil properties at various depths
+ ) IR RS RS PR A R? RMSE MAE
EC(mS/cm) PR 1 A-gledepth 0.87 0.23 0.13
iR 2 B+A. gkdepth 0.90 0.21 0.13
LAY 3 A+k-In(-depth+1) 0.85 0.26 0.16
CaCO; 7 1 (g/kg) AL 1 A+k-In(-depth+1) 0.85 8.93 5.49
AL 2 A-glderth 0.87 8.85 5.23
iR 3 B+A. gkdepth 0.75 9.28 5.94
L 7 2 (9/kg) B 1 A+k-In(=depth+1) 0.84 8.94 6.13
AL 2 A-glderth 0.89 8.77 5.95
iR 3 B+A. gkdepth 0.69 9.65 6.53
WL i (g/kg) A 1 A+k-In(-depth+1) 0.82 7.53 5.13
AL 2 A-glderth 0.87 7.02 5.01
iR 3 B+A. gkdepth 0.68 8.14 6.08

23 TEEM=4%ZEHNSHE

KM RF. BRT il MLR =FhJ7%, XF 0~10 cm
)2 4 Fh BT, 25 R (R )XW, RF T
BAERTA TR PR R T v 2 e SR B UV RE T

JEYER T R it 0.85; L BRT ikt £
FEXT AT EE J1, (B RE B HLATEfE—
ZHF; MEZ T, MLR kR B s R i oh b

RIE, A5 R A RF 7% 22 0~10 ecm 38 jm 4

http://soils.issas.ac.cn



966 +

1 % 58 &

BEAT2S ) TH0 , [ R 235 45 5 1) el T R 8 (R 8

2), XWFSE X IR VAT = dEas (A . pksh, fil

HIFES RO 4 PP HIEJEMAG{E® 0~10, 10~20,

20~40. 40~60, 60~80. 80~100 cm (Y {E, LAJR/R

4 Fof + 38 JE MEAE S T L 2 [l 43 AR Bl (B 2~ 18 5).
R4 FEBERNLIREEHFEE

Table 4 Accuracy for different models to predict soil properties

+ ) HERIEAY R? RMSE MAE
(mgl(ém) RF 0.91 0.25 0.12
BRT 085 0.8 0.13
MLR 024 056 0.28
CaCO; Fr it RF 092 912 5.53
(0/kg) BRT 0.81 9.35 5.67
MLR 016 1721 1175
ISR RF 093  9.38 4.28
(0/kg) BRT 0.83 9.47 4.39
MLR 012 18.80 8.64
BB RF 0.92 8.15 4.08
(0/kg) BRT 0.80 8.54 439
MLR 015  14.26 7.17

3 it

KIWBE RS T 0F5 X Vb i e i AR5

N

A

Ve A4 b . 3 F A CaCO,; F i 3 M iR 1,
ST T BRI R 5 A TE s FEAE R R A7 X
AR

- 98 o b R e e 3 A R AR S T B Y A
bro ZARBFFEH, 50 AEHHE R T T VDRI X 135
FyRLARRL & i (R 1), T Ab i A o
It XFARRESZ B AR KD TR B2 A A
FARIRER I I ), o SRV BN A B S
AL A DIRCP ERAE U T AR AN B Y
] IR TE R, A LR AR R ol T AR A5
b T g A AR R, RE R AR TR
BN, M T KR 32 SRR, i R kL
FIZL (1% T B RS R EE T BEFEXT 24 Hb A 398 5 b s
[EFETE S A

e SR AR R R T R SR T U R X
T IR IR, o n] B R ER IS . AT,
50 AFEHHE B E ST T Y MR )R R (R 2).
X — 7 1] ] RE R T AR 2 5 | AR, A
o EXERZ RS 55— 7 E AR TR X R
FU R ZE R 2 SRS i BE KN
T8, UEMRBAERZEY, Wik, WX K& T
R BRI T i S o KRS = ] B
iy, NCRBUAIE BV BRI, DA ORI () 3
(TR A=k
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Fig. 2 Spatia Idistribution of CaCOj3 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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FAF T B MZE O LR S BOLE R A5 R 5 Bk
50 4FJn, X—sr i T, BRI
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Fig. 5 Spatial distribution of silt contents predicted by RF model at different soil depths
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WA, s AR5 X A 498 0T b 5 k43 1 23 8] 43 A
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