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WE: [EN] BrRKPEEEMLEMEFRERARHEREEFEOXE, RAHNAHESERANKELERT,
AR HEEERERFRE. [FE] RAZEANRSE XL, o EHEEMEFR CK(0a) . T1(1a). T2
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mRHEFENAAERE. [E4R] (1) KHEESREETERFTHE (P<0.05) , #FE>35a LI K KiEEA
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MEZELEEFGF, REMEN. [ER) KAEETEMIEERAXRERSEE. TRES ERA O B9 5L,
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Abstract: [ Objective] This study aimed to reveal the spatiotemporal variation in characteristics of soil chemical properties and
their relationship with sugarcane yield under long-term continuous cropping, identify the key soil factors limiting sugarcane

productivity, and provide a scientific basis for sustainable soil management in sugarcane fields. [Method] A space-for-time
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substitution approach was adopted with five continuous cropping duration treatments: CK (0 a), T1 (1 a), T2 (10-19 a), T3 (20-29
a), and T4 (>35 a). Sugarcane yield and soil chemical properties within the 0-60 cm profile (stratified into 0-20, 20-40, and 40-60
cm layers) were systematically analyzed, including pH, soil organic matter (OM), total nitrogen (TN), total phosphorus (TP), total
potassium (TK), alkali-hydrolyzable nitrogen (AN), available phosphorus (AP), available potassium (AK), and available
micronutrients contents. The integrated fertility index (IFI) was calculated using factor analysis combined with correlation
coefficient analysis and the Nemerow composite index method. Two machine learning algorithms-Extreme Gradient Boosting
(XGBoost) and Random Forest (RF)-were employed to quantify the relative contribution of individual soil chemical indicators to
sugarcane yield. [Result] (1) Long-term continuous cropping significantly reduced sugarcane yield (P<0.05), with a  13.68%
decline observed in the T4 treatment (>35 years) compared with the CK, and induced deterioration in soil chemical properties. (2)
Soil acidification was intensified under continuous cropping, exhibiting significant layer-specific characteristics. Compared with
the control (CK), the mean soil pH decreased to 4.60 after more than 20 years of continuous cropping. The subsurface layer
(20-40 cm) exhibited the most severe acidification, with pH values significantly lower than the CK in the T3 and T4 treatment
groups. (3) Soil nutrients exhibited obvious surface enrichment and accumulation of certain elements. The contents of soil organic
matter, total nitrogen, total phosphorus, alkali-hydrolyzable nitrogen, and available phosphorus in the surface layer (0-20 cm)
were significantly higher than in deeper layers. Prolonged continuous cropping led to significant accumulation of available
potassium and available zinc, increasing by 320.47% and 164.13%, respectively, in the surface layer. (4) The soil integrated
fertility index (IFI) decreased significantly with soil depth. Although long-term continuous cropping improved average fertility in
the surface layer, it exacerbated the variability and spatial heterogeneity of fertility in deeper soil layers. (5) Both XGBoost and
RF analyses consistently identified soil pH in the 20-40 cm layer as the primary limiting factor determining sugarcane yield, with
a relative importance contribution substantially greater than that of surface available nutrients and other soil indicators.

[ Conclusion] Under long-term continuous sugarcane cultivation, soils exhibited a spatiotemporal soil pattern characterized by
surface nutrient enrichment and severe subsurface acidification. Acidification in the 20-40 cm soil layer constitutes the core
obstacle restricting sugarcane productivity. In practical production, management strategies should shift from surface-oriented
nutrient application to deep amelioration targeting subsurface acidification.
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.21 BUSMRAF  ARRFSUT 2022 922 A CHER
RHD S BB S BT, ABRIUH B HTEE W)
SO, SR 23 TR AR A I T2 ) s s Ay S 38 1 4 BR o
fEo BEET 5 R EAMREMER I KR ZHHER
AR IR AR HAE I (CK, n=3) , DL 4 4
ANFEAEAE BRI H R, 235 0B Ak ) e (T,
la, n=8) . "EHIZEME (T2, 10—19a, n=8) . K

WIEAE (T3, 2029 a, n=8) MKW (T4, >
35a, n=9) . MR ALFRAI AT EL I, BT 1B E )
R BA AR . LSRR SRR,
e REHb 2T — PR 1 TR RE S R 2 R 081609 R 2
BRSO B0 BT 1.2 m FEFE 120 000
—180 000 Z*/hm® FITAT H 1 Hhd4) 78 Al kSR A — vk
AL, it IR S R 4 U7 IR (N-P,0s-K,0=
26-12-6) , A 1200 kghm™? (£ 1) .

F1 HOHEERTEFREEERIEREER

Table 1 Historical fertilization practices for sugarcane in Gengma Town

FE4 JEAIR W RUAAL X B R A E HIERE ARSI RBAR
Year Fertilizer type Fertilization schedule and application rate Total fertilizer =~ Total NPK input
applied (kg-hm?) (kg-hm?)
2016— HAHE GRIRS 44%, N-P,0s-Ko0=26-12-6) —KHEJAL:  HEARM4 A T FEAL it 1200 528
2022 Compound fertilizer (total nutrients 44%, N- Single application: all applied as basal fertilizer
P,05-K,0 = 26-12-6)
2004— HAM (B 25%, N-P,0s-K,0=10- TUORAR: FEALHE 1 200 kghm? A, EALHE 600 1 800 576
2015 10-5) +RZE (F N 46%) kg-hm™ JR 3%
Compound fertilizer (total nutrients 25%, Two applications: basal application of 1 200 kg-hm™
N-P,05-K,0 = 10-10-5) + urea (46% N) compound fertilizer; topdressing with 600 kg-hm urea
1980— JRZ (5 N46%) H B sRAEEREIE (& =Uiil: JLA0HE 300 kg-hm™ FRE+750 kg-hm? i 2250 822

2003  P,0s 12%) +& AL (4 K0 60%)

T B BE R IIE 4300 kghm™ GUARAR, 38— VB IR

Urea (46% N) + single superphosphate or 600 kgthm™ JR 25, %5 — VKB JEHE 300 kg'hm? JR 2%
calcium magnesium phosphate (12% P,0s) + Three applications: basal application of 300 kg-hm™ urea

potassium chloride (60% K,0)

+750 kg-hm™ single superphosphate or calcium magnesium

phosphate+300 kg-hm™ potassium chloride; first topdressing:

600 kg-hm? urea; second topdressing: 300 kg-hm™ urea

.22 +EHEBRE fARMKKHRA, HS”
TR e BALIZE I 5 AN RAE RUEAT RAE, B AL
2 LR Y 2 (0—20, 20—40. 40—60 cm)
BCESERESh . Kok AR — b, W— L2050+
BRI A, AR — iR TR . R
IMEIZ 4 kg AR, FANCHILIE S AT,
Al s s . LA H AR KT, SIBR PR R AN
A, BB SR, 3 A E SR bR E . L
1 kg WA G B LRI BR 28 BUG A+ BFEE I 1
mm HEESRETHEIE pH. TR A . AR, A
B BHAEE. B ARERME SR,
i 0.149 mm i HRME LR 2. 28
HHLI.

1.3 #H&ENESHH

1.3.1 HEREMREFEMNE T, 768
AN BEHWIIF X SN BEALIE I 20 FEELAARR M H
ffk, BATRZMHRIIELLIN . 2R AT B RO =

N T A SRR B 2R AR R R
FEREZE AR o A A R HOH I AR A A I & 10 m AT
KN MA SRR, 856 IAT IR0 A AR
AT AR B O 2318 e TR OB B Tl 5 AN 20
PEH B A TR A BEV T IR (Brix, Bx) o ¥
B2 AR 5.

JHEME 4 (Sucrose content, %) =Brix (%) x1.0825-
7.703

S 7 vl I AR AN JE RO 5 DX 35 N Bt AT LazE L —
AN 12m? (BT 5.0mX 1.2m, 35247 IFEDT, H5HE
T3 BT R A > e JSORE R ST SR b A R S S FR E
&, mAPTHAE (thm™) .
1.3.2 BRI ZE LIRS B I
JiiEB I (AR P2, pH R pH AL
OKEHR 2.5 1.00 WllE: AHUTCRA il
IR AR AN e . A ECR A I
FVEM e s A 1382 HCI0,-H,SO, Wifi# 5, K HH
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BEPULLORINE . SR AT e A5 s B
fiE R 1.0 mol-L' NaOH Alifit 4 Ukl e ke
K1 0.5 mol'L”! NaHCO; ¥4, BRI (il e ;
AR 1.0 mol- L NH,CH;CO, 548, K IFt s
WEs ARMEK. & FFER] DTPA i, 51K
OGRS 5E

1.4 Zi4ERIEE

TR IR ) SR A VR AR R, AR SRR
PRIGRGEE . AR JR I, JF S R O AT i 5
P s 1z H e 14 S - AR B ) AL 22 4R bR . B
2, WE LAY, R, e 2. A
R AR pH St 8 TidERE, M TEEMZE
Jiikgra v .

1.5 HUBEAEBS5%THH

1.5.1 EEEEIEAIFN N MVEALARIEEE
PR BRI D) R AR R AR, ARBIF 43 0 SR FH 2 TR 45
22 VE VA (fuzzy comprehensive evaluation,
FCE) VRIS S e L33 85 /N 75 00 BRI 10 5 1 A A
P Ha$): (modified nemerow index, MNI) P¥gE47 it
SR

1511 B¥GATME %ol Mgk )8
PRI ERCEAR, e PRI IR IE ) FRFRE AN &
wNGEIRE. HEAL T

IFI=3" W, P,

X, Wi 5 Pl 5 1 O 4R AR AU R HON SR
JEIEAE: n WPEMFR AR AN B, LR HEEIE T HE HK
(integrated fertility index, IFD) HUEAE 0—1, A
i, R IERG TS ) PR T .

(1) RIBEE (P HIHE: M 35 s B A &
FEAR VAN, o3 ST “S” T s &8 K g
JEE BRI B, B A5 AR AR S R Dl 0—1 I JC A SR
JEAH

(2 BUHE (W) HIAGE : i 55— Ay 72

F R, ASWETUR AT 2 B 2 W IRASE 7 Sl v S AL
#, gk 2 M T AN FERCEAR R LS IE R
i&[ZG—Z‘)]:

O 743 H7i: (factor analysis, FA) : J:+ 1%
OB IRBE, DA FRbR AP U7 22 5 AR 1T ZE 1)
e e A, oS4 AR EGL R B TR 1 ik
MR G LS $R% (TFI-FA) .

@K F £ (correlation coefficient, CC) : 1f
SFEREIE bR AR T Fa PR AH K REUR 21, &5
—ACAE P S A IR, THEAS R E0d A
TR R EL LA L 4R% (IFI-CO) .
1.65.1.2 BENNETRHEE ZINARY A BN
PR de g )RR PR B AR b S Wt /N
EHE (Liebig's law of the minimum) B, 4R FL4
T RO GG IREE s 2 .

(1 7B &% (OFL) WifhE: SH%2E
TR A TR YRR (R D, @K
TaAR I 2 BV A pR K. K 358 8 M s M e A0
ST RE (FD) « ZRBMAWHELE N T 0—3,
B 8K R s 1% BT An A, L e B R 4y
G BRI, ARG, DARES VRPN IR 4 /5 oK

S br J A
= X<X,
a1 X, < X<X,
_ ) XX P
IFI=1{ "
s +2 X, <X<X,
3 X>X,

X, TFL W IR &%, X yizaEbbie i, X, 5
X, AN EARME T . B, X AT BbadE L
TR B (X, X X)) FESHEE
TRAE R ERE AbrvE (R 2D o B Z VAR
&, IFLZHUEN T 0—3.

*2 TRRBUESRIFEE
Table 2 The grading standard of soil properties

pig FIRER L2REE SR EHER BERESE BB R BEYHER pH
Grade Organic Total nitrogen Total Total AlKkali-hydrolyzable Available Available >7 <7
matter content content phosphorus potassium nitrogen content phosphorus potassium
(g-kg‘l) (g-kg‘l) content (g-kg‘l) content (g-kg'l) (mg-kg‘l) content (mg-kg'l) content (mg-kg'l)
X, 10 0.75 0.4 5 60 3 40 8.5 4.5
20 1.50 0.6 20 120 10 100 8.0 55
X, 30 2.00 1.0 25 180 20 150 7.5 6.5
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(2) ZEAENE a4 AFD k8. RABIERA
2 A LGS, A WE:

(=)

IFI:J(IFIimean)z—(IFIimin)ZX n—1
n

b, TN TIREEA LSS, TFlimean 15 TFTiin 28900
X @I e S M n AP ERRANEL.
1.6 HIELES55H

BRI HH R ] WPS Office B 0E4T #4315 i b
B gk M 4E R (version 4.4.3) MEEH 58K,
B BB R ggplot2 L2z .
1.6.1 ZRMEHITME  NHFAR LI CGEEFE
PR TR URBEEE ) 0 TS AL I o S TR )5
BN EAR AT IEAS 3 A% (Shapiro-Wilk test) il
T 2T (Levene’s test) , MR KU 45 HL 1% AT
INAHES R W RP

(D ZHERE: AT EST M Eds, KA
PRI Z 0T (One-way ANOVA) o 35 )7 Z= 571
A&, R LSD VAR Tukey #:0E4T 2 UL 4707 %24
3%, WRA Welch’s ANOVA %54 Tamhane’s T2 3
TR .

(2) AEZEAGE . X T AN L IE A& A R R 2
#ii, RH] Kruskal-Wallis -8R 50 #7240 0] 25 7 i
=, t—2 R H Wilcoxon FRFIRLIGREAT P LU, IF
i H{ Benjamini-Hochberg (BH) 2%} P {E AT 1 LA
PR B

RSP BE MK BOE R 0=0.05, 45 RIBILAE
B IATE 3 i By TS Tubp S I B R N8
1.6.2 KREERGIETORAEHAE RS
ZyH RG0SR - SR BRSO F A AR DTk,
AHH S RE B o B 42 (X GBoost) A L AR AR (RF)
2 Fof [ U SOOI R AT A8 I UE S5 B

B & 20 A SRR R SO TI AR 5, H R
WO N AR E . R caret AR AT IS, YUK
M 10 XEEE 10 #7248 XEE (Repeated 10-fold
Cross-validation) HB& 47 8 2 20 UL FISE 2L 1 RE VP
i, DA s ()32 AL e 0 R ARk

(1) XGBoost f548: KRB KR THE,
SRR 28 (Gain) SR 5 % I H8 b5 1 1
Bk,

(2) RF 8L AE A0 LUIGUE, al i v s 7y
IRZERIHEINZE (%, IncMSE) SRUPAS AR FE i,

DA 2 PP 2 v HE S SE T MR bR, A DG

BRAIN 7, AR G5R A ) SE AR A e
2 #HR

2.1 FREEERTHEFEMERES

tE 2 AT, BOEVEFRR ARG, R A
FERE 4> 1) I T e #, A 5 6F JE AR 1 o Y 4
Ao EFF R (B 2-A) , EVEFERR X RE >
HHARE W (P<0.05) . FrHE (1a) KT
Fe e, N 137.31 thm?, B35 TiE/E 2029 a
FI>35 a M REH: BHXE /R RGN, 7™ 58 # K,
EAE 10—19 ay 20—29 a FI>35 a (K377 55 5
h127.29. 118.65 F1 118.52 thm™. 5 hHl i
HAH LG, 4 > 35 a JEHL R H R 5 B IEIA 13.68%.
MFEARRAR A B 5 DR 8OBT oA ( TRE Hh dge v  F
ik 155.58 thm™, [MIEVE>35 a HhHERAR ALY
92.12 thm™, WK VX H = 5 14 4
WIS . ERERE 7 (B 2-B) %A B R RERE 4y
R RIK B E KT (P>0.05) o FrFiAE ) REHL (1 a) o
HEAE 10—19 ay 20—29 a FI>35 a [ 1 245 B
SN 16.10% 15.60% 15.32%F1 15.15%. X
RHAER] — PR A PP AN, SEAVEAE IR IR T
FEFE B E SRR, B — SR EA R % 22 Rl ke
BEHD FREWE 7 72 A B
2.2 FREEEEREFEHARLIEH REIREE

H 1 2-C AT %0, BRI SRk R R E (pH<
7.00 , KIEMESBCRIERI IR, (2R SR
BetE 2 etk . AEMEE AT b, 13E pH B2
VRT3 0 i B, 0—20. 20—40 1 40—60 cm +
JZHFEE) pH 205k 5.01. 4.88 Fil 4.86. HE—250H7
R, IERA R R P E AR (20—40 cmD) .
BB HE e (1 a, pH=5.38+0.84) #fLL, #A4E 20
—29a (pH=4.56+0.31) FI>35a (pH=4.53+0.16) [
20—40 cm 1)z pH W& N (P<<0.05) ; iy 3%k
2 (0—20 cm) FRZE (40—60 cm) [¥) pH 73N W
AN BA WS, (HARRIH g2 EMEE 2R (P
>0.05) .

H & 2-D BT, ASFREFER RN AS R 42 i 11
FHHL5T (OMD) 7 22 e B AR IL B i 25 7K1 (P>0.05) .
FEREA R b, SO R A L (T 2, 20.44 gkg™)
L, OM P& RBFRAE K 5 “ S8 R
B fads, EEAE 2029 a BFIAFE(E (2597
gkg!) , E>35a MRS 22.13 gkg!, SYIABHRM
+ (22,54 gkg") KPHEL . AEERESM L, OM £
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soil without sugarcane planting; 1 a, 10—19 a, 20—29 a, and >335 a represent continuous cropping for 1 year, 10—19 years, 20—29 years, and 35 years or
more, respectively; A, B, and C represent 0-20 cm, 20—40 c¢m, and 40—60 cm soil layers, respectively. The same as below

2 FEEEFERTHEFRE (A) . B2 (B) MAFELELEH (O KEHNREE (D)

Fig. 2 Sugarcane yield (A), sucrose content (B), soil pH (C) and organic matter content (D) in different soil layers under different

continuous cropping years
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Fig. 3 Soil macronutrient contents in different soil layers under different continuous cropping years
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Fig. 4 Soil micronutrient contents in different soil layers under different continuous cropping years
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Fig. 5 Soil Fertility as influenced by continuous cropping duration and soil depth (0—20, 20—40, 40—60 cm)
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Fig. 6 Performance comparison of XGBoost and RF models for sugarcane yield prediction and importance of soil driving factors
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