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Abstract: Sugarcane (Saccharum officinarum L.), a crucial sugar crop in China, faces yield and quality constraints due
to soil nutrient limitations. Severe soil acidification and nutrient imbalances in the southwestern Yunnan sugar-
cane-growing areas hinder the sustainable development of the industry. This study aimed to clarify the driving effects of
soil stoichiometric characteristics on sugarcane leaf nutrient uptake, identify critical thresholds for soil acidification and
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nutrient limitations, and provide theoretical and technical foundations for precision fertilization and soil improvement.
Soil (0-30 cm depth) and leaf samples were systematically collected from 121 sugarcane fields across nine townships in
Lianghe County, Yunnan Province using a grid-based sampling strategy. Soil parameters analyzed included pH, organic
matter, total nitrogen, total phosphorus, total potassium, alkaline nitrogen, available phosphorus, available potassium,
and DTPA-extractable micronutrients. Leaf nutrients (total nitrogen, total phosphorus, total potassium) were analyzed
after H,SO,4-H,0, digestion. Structural equation modeling (SEM) was employed to construct multi-path networks link-
ing soil fertility (organic matter, total N/P/K, available nutrients), micronutrients (Fe, Mn, Cu, Zn), and environmental
factors (pH) to leaf nutrient dynamics. Model parameters were optimized via maximum likelihood estimation, with
standardized path coefficients () and determination coefficients (R?) quantifying factor contributions. Soils exhibited
pronounced acidification (mean pH=5.07), with 78.23% of samples <pH 5.5. Zinc deficiency (<1.5 mg/kg) occurred at

84.75% of sites, while TK (2.27%), available Fe (59.90 mg/kg), and available Cu (1.04 mg/kg) remained relatively high;
Organic matter correlated strongly with TN (7=0.929""), TP (+=0.614""), AN (+=0.847""), AP (r=0.642""), and AK
(r=0.399""), indicating its central role in nutrient retention. Soil acidification (pH<5.5) reduced cation exchange capacity
by 26.7% and negatively correlated with AN (»=—0.290""). Neutral to slightly acidic conditions (pH 6.0-6.5) enhanced
phosphorus and potassium availability. Soil available nutrients emerged as pivotal drivers of leaf nutrient assimilation.
This study systematically illustrated the multi-path regulatory mechanisms of soil stoichiometric traits driving sugarcane
leaf nutrient uptake in southwestern Yunnan’s sugarcane belt, quantitatively linking acidification with nutrient
dysregulation. It is proposed that an integrated fertilization strategy—"‘ameliorate acidity-supplement zinc-regulate ni-
trogen-enhance carbon” should serve as the technical paradigm for high-yield sugarcane cultivation and sustainable soil
management, which also could be universally referred by the agricultural ecosystems in tropical and subtropical acidic
soils.
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Fig. 1 Distribution of sampling sites in
sugarcane-growing areas of Lianghe county
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Tab. 1 Grading standards of nutrient contents in sugarcane soil nutrient content
ER A HLBK Organic 2% e Ex R fire A R
Grade carbon/(g-kg™) TN/% TP/% TK/% AN/(mg-kg™) AP/(mg-kg™)
19 (F) =40.00 =0.20 =0.10 =2.50 =150.00 =40.00
2% (&) 30.00~40.00 0.15~0.20 0.08~0.10 2.00~2.50 120.00~150.00 20.00~40.00
3 () 20.00~30.00 0.10~0.15 0.08~0.06 1.50~2.00 90.00~120.00 10.00~20.00
49 (%) 10.00~20.00 0.075~0.10 0.04~0.06 1.00~1.50 60.00~90.00 5.00~10.00
59 (k) 6.00~10.00 0.05~0.075 0.02~0.04 0.50~1.00 30.00~60.00 3.00~5.00
£ yye ARk B LRI E A RUFE oH
Grade AK/(mg-kg™) AFe/(mg-kg™") ACu/(mg-kg™) AMn/(mg-kg™") AZn/(mg-kg™")
19 (F) =200.00 >50.00 >1.00 >20.00 >3.00 SR E>8.5
2% (&) 150.00~200.00 20.00~50.00 0.02~1.00 10.00~20.00 1.50~3.00 gk 7.5~8.5
3 () 100.00~150.00 <20.00 <0.20 <10.00 <1.50 i 6.5~7.5
49 (%) 50.00~100.00 FR M 5.5~6.5
59 () 30.00~50.00 iR 4.5~5.5
=2 HEMARFS ERERIRE 40 mg/kg F BRI, {H 33.06%FE 5 KT 3 mg/kg
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Fig. 2 Soil pH and nutrient analysis in sugarcane growing areas
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Tab. 3 Contents of soil mineral elements in Lianghe county

G S5 T 22 75 A P J54L Sample distribution/%
Content/(mg-kg™) Range Mean+SD CV/% 1 High i Optimum 1 Low
PERES 5.50~242.00 59.90+56.98 95.13 40.68 35.59 23.73
A B 0.02~9.01 1.04+1.25 120.36 35.59 42.37 22.03
EERIE 0.90~38.60 10.52+8.46 80.47 11.86 28.81 59.32
R 0.03~6.18 0.84+0.96 114.96 3.39 11.86 84.75

213 A FHALEAEW £3E pH- AN RE F45
& X EHE pH BB ECKBEERN . E
PP (7=0.380"") S5HALHE (7=0.190") ,
FAER pH Fhe 4R T, G W A Ak
(r=0.2417) | WA (1=0290"") , ARk
Wi pH T AR, S5 Fe' & TULIE I M &
NH, 0] NOs kA K. xF IR . &8 . 2.
B AR MAMEE S RN ASE ., A
BUTAVE IR A 0, SR B -0 ) &R A R A%
L, bR R R A S, 5
KEITE FHEAE(1=0.929") &8 =0.614"" ).
Bl (0.8477) | MR (0.64277) | WAL
(0399 ) B B EMIEM K KR, HHIEL “4
BUBE-F2 47 17 BRI . A LTS o 24 40 A A0k
(r=0223") . A A (=0.224") A 5k &t
(r=0.236") F S WA C, Ml 5 440 FA 2L
Bl A e AR R B E K (B 3)
22 BETHRFSCHOHEERNSHEN
HEEM R IR e st s R B RS 5 £
BN R G RERBCRY ., Absed, HBE
M K EIJCERFIEC(E 4): 2% 0.59%~1.76% ) .
2 (0.04%~ 0.415% ) A8 (0.04%~0.415% )
BEEE N, 2AMNES RN 18.03%, 4

WS S R B N 41.12%, 2 W FH Al A it 1
FE7E 3 25 ) S e R RIGIAE 2257, & F
dEnt I R IR R, R EYAS W ER
REZRGIEREZ (100%FEA<1.80%IIG FH ) 5 B
ZEIAUEA (87.6%IHEZ XL K 12.4%F8 /2
X)) s BRWPGEEEERE (61.7%EHIX ) ,
B3 17.5%FEA AL Tk = [H{H ( K<0.80% ) . {H
REENRE, BEEM 225 10 £5(0.04%~0.415% ),
2 WIS A b A AE Wl 2R 1 SOtk R KU . ik &
A ) 5 25 S At AT SR s B L G B 0l . R AE
S PR TR S SRR PRl
WA BN HEAT o X AR i, 40 B b 1)
i e TC 5 O L R 2 A s AR AR
23 ERXTEHUFHEFENHENRFFS
B3R 3N

TN T R AR R s R R
B i A ) 3 e e PR T AR A, (R
WK, MNgm i hisea&E. ETL
AR gl B A S E T H BN R R0 R
PEATEE R 5 ARSI (SEM ) , A3 3 % [H AR i
AR EFWN A AR, WS A& 5 ),
AR, G EEEVUR . A, A
B, 2. @ue R EITTEDTA W



5510 1] WA AT R B e R A 9K Sl 4 5 2463
ﬁmﬁ %ﬁ e 28 EMR HNEk Eﬁw @. AR ﬁﬁ% ARG BB
e || 0236 || 0293 0042 | 0299 0177 || 0178 0.233*
BHRGH || 0224 0.283" 0.217* 0.009 0.168 —0.094 —0.143 —0.004 L0 ﬁ
B4 || -0.019 ~0.004 0.088 0268 | —0.058 | —0.004 0.079 -0.053 || —0.153 .
AR || 02230 || 0265 | 0183 | 0.199° —0.134 || —0.241"
pH|| -0.019 -0.110 | 0099 | -0.066 | —0.290"| 0.190°
i G -0.135 | 0.252" .
TR | | 0.642" -0.022 TLo =
AR -0.225'
240 || —0177 -0214° | 0.020

28| o614 || 0.641
25
BHHUE

TFIRTE 0.01 AT (W) B EMDE, "FRAE 0.05 KT (M) b BEME,

" indicates extremery significant correlation at the 0.01 level (two-tailed), and " indicates significant correlation at the 0.05 level (two-tailed).
B3 TEREUENENRSIEEFRTENEXRY

Fig. 3 Coefficiants between soil acidity, organic matter and soil nutrients

“ 0000

O 0%
“00 0@ ¢
00 @@ o

ERE BBz =
B4 HEMHRZESSHRR

Fig. 4 Nutrient distribution of sugarcane leaves in sugar-
cane growing areas
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Fig. 5 Effects of soil nutrients on sugarcane leaf nutrients in sugarcane growing areas
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