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Abstract: [ Objectives ] This study aimed to evaluate the soil acidification characteristics of sugarcane fields in

Guangxi under different fertilization treatments and to provide a theoretical basis for mitigating soil acidification
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in this region. [ Methods ] Based on a long-term field experiment initiated in 2008, four treatments were
established: no-fertilizer control (CK), recommended fertilization (OPT), increased N application (OPTN, 50%
higher nitrogen (N) application rate than OPT) and recommended fertilization combined with sugarcane leaf
mulching and returning (OPTS). Soil pH, exchangeable acidity, acidification rate, exchangeable base cations,
cation exchange capacity (CEC), soil acid-base buffering capacity (pHBC) and soil nutrients indicators were
determined after 16 years under different fertilization treatments. [ Results ] After 16 years of long-term
experiments, compared with the initial soil, soil pH under the CK, OPT, OPTN, and OPTS treatments decreased
by 0.04, 1.74, 2.00, and 1.72 units, respectively. The corresponding soil acidification rates were 0.16, 9.62, 10.41,
and 9.81 kmol/(hm®-a), respectively. The soil pHBC of the CK treatment was 24.00 mmol/(kg-pH). Compared
with CK, the pH buffering capacity under the other fertilization treatments increased by 20.32%—26.77%, with the
greatest increase observed in the OPTS treatment. Compared with the OPT treatment, the OPTN treatment
increased exchangeable acidity, exchangeable aluminum (Al*"), and exchangeable hydrogen (H") by 19.31%,
15.25%, and 54.75% respectively. The total exchangeable base cations of the OPTN decreased by 14.03%, and
base saturation decreased by 15.10%. Soil pH decreased by 0.26 units, and the acidification rate increased by
8.22% under OPTN relative to OPT. Compared with the OPT treatment, the OPTS treatment increased
exchangeable acidity and exchangeable H' content by 17.82% and 69.27%, respectively. The total exchangeable
base cations increased by 13.45%, mainly due to a 26.22% increase in exchangeable calcium content. CEC
increased by 12.67%. However, there were no significant difference in soil pH and acidification rate. Under
increased N fertilization, soil total phosphorus, available phosphorus, and readily available potassium contents
decreased by 6.99%, 11.06%, and 27.11%, respectively. Under sugarcane leaf mulching and returning, soil
organic matter, total N, and available N contents increased by 9.96%, 12.32%, and 26.40%, respectively, while
available phosphorus and readily available potassium contents decreased by 17.15% and 34.65%, respectively. In
terms of the 5-year average sugarcane yield, compared with the OPT treatment, the OPTN treatment resulted in a
6.23% reduction, while the OPTS treatment resulted in a 2.68% increase. [ Conclusions ] Long-term excessive N
fertilization increased exchangeable H" and Al contents while reducing total exchangeable base cations. The
increased fertilizer N was not efficiently utilized by sugarcane, further accelerating soil acidification. In contrast,
long-term sugarcane leaf mulching and returning effectively increased total exchangeable base cations, CEC, and
organic matter content, and improved soil nutrient supply and acid-base regulation capacity. Therefore, rational
chemical fertilizer application combined with sugarcane residue mulching and returning can serve as an important
strategy for managing soil acidification in lateritic red soil sugarcane fields in Guangxi.

Keywords: long-term field-position experiment; sugarcane field; increased nitrogen application;
sugarcane leaf mulching and returning; soil acidification
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Table 1 Annual fertilizer application rates under the
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R
- 2008 2009 2010 2011—2012 2013 2014 2015—2024
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N 450 450 300 450 400 450 414
P,04 120 120 120 135 120 135 135

K,0 300 217 217 257 257 257 240
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Fig. 1 Soil pH under different long-term fertilization
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BN Ab BRI 22 7 W 25 (P<0.05),

Note: CK—No-fertilizer control; OPT—Recommended fertilization;
OPTN—50% higher nitrogen application rate than OPT; OPTS—
Recommended fertilization plus sugarcane leaf mulching and returning.
Different lowercase letters above the bars indicate significant difference
among treatments (P<0.05).
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Note: CK—No-fertilizer control; OPT—Recommended fertilization;
OPTN—50% higher nitrogen application rate than OPT; OPTS—
Recommended fertilization plus sugarcane leaf mulching and returning.
Different lowercase letters above the bars indicate significant difference

among treatments (P<0.05).
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Fig. 3 Content of exchangeable acidity, and contents and percentages of exchangeable H' and A" under different
long-term fertilization treatments
1. CK—AAEXT ;s OPT—HEF#ItAL ; OPTN—7E OPT J:fili_ it 50% %(; OPTS—HfEFFMiAL+REM B shi Mo #E EAR/NG FhRERIR
AP 25 B (P<0.05); KRN/ PR R [l — 1R PRAL B E 22 57 B 3 (P<0.05),
Note: CK—No-fertilizer control; OPT—Recommended fertilization; OPTN—50% higher nitrogen application rate than OPT; OPTS—Recommended
fertilization plus sugarcane leaf mulching and returning. Different lowercase letters above the bars indicate significant difference among treatments

(P<0.05); different lowercase letters in the bars indicate significant difference among treatments for the same indicator (P<0.05).

*2 KEFAEMAELETRRMERESRT. HEFRHREMBERME
Table 2 Exchangeable base cations, cation exchange capacity (CEC) and base saturation under different long-term
fertilization treatments

e SRS S ILERES A St A AR IR IR
Treat ) " Exchangeable Ca?" Exchangeable Mg?* Exchangeable K* Exchangeable Na* Total exchangeable bases CEC Base saturation
reatmen
(cmol/kg) (cmol/kg) (cmol/kg) (cmol/kg) (cmol/kg) (cmol/kg) (%)
CK 4.3240.16 a 0.64+0.04 a 0.17+0.02 ¢ 0.11+0.00 a 5.244+0.12 a 7.77£034b  67.46+2.03 a
OPT 1.32+0.14 ¢ 0.34+0.03 b 0.47+0.02 a 0.11£0.00 a 2.23+0.17 ¢ 8.23+0.18b  27.12+1.66 b
OPTN 1.17+0.05 ¢ 0.29+0.02 b 0.36+0.02 b 0.09+0.03 a 1.92+0.08 d 8.36+0.62b  23.02+1.38¢
OPTS 1.66+0.05 b 0.34+0.02 b 0.38+0.03 b 0.14+0.11 a 2.53+0.17 b 9.2740.35a  27.36+2.32b

W CK—ANARNT B s OPT—HERAL; OPTN—FEOPTIEAN FIEfi50% % ; OPTS—HEXAMIIE+REM- 7 3aak M, RSN EE 5 A F/ING T8

FRAb I R] 25 5 2 (P<0.05),
Note: CK—No-fertilizer control; OPT—Recommended fertilization; OPTN—50% higher nitrogen application rate than OPT; OPTS—Recommended
fertilization plus sugarcane leaf mulching and returning. Different lowercase letters after data in a column indicate significant difference among

treatments (P<0.05).

fEmEESA S, WIES N 8.14% Fl 14.30%, SWARE, HIEEBE . R RE S S
KPS E LR EES . 5 OPT 4L HAH TP T 6.99%. 11.06% #127.11%. 5 OPT 4b3AH
tt, OPTN AZbFE R HIEAPL . 2% . A& a2 lt, OPTS Ab¥ERHIEA YR . A . WA &0
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Fig. 4 Titration curves of soil acid-base buffering capacity
under different long-term fertilization treatments

HE: CK—AHEAEXT AR OPT—HEFEMEAL ; OPTN—7E OPT i I-

Wit 50% A5 OPTS—HEFREAL+IEE T i ik [T

Note: CK—No-fertilizer control; OPT—Recommended fertilization;

OPTN—50% higher nitrogen application rate than OPT; OPTS—

Recommended fertilization plus sugarcane leaf mulching and returning.

WHEE T 9.96% . 12.32% F126.40%, +iE4®S
To i E AR, H A S RSO NG AR o e
FEAR T 17.15% i1 34.65%.

2.7 KHIT R B i = /IS0

W s fis, MET CK ARFE, & iEab e A
AR 2 F 8 m H R~ i . 5 OPT Ab#AH L,
OPTN AZbFRAE 2021, 2022 A1 2024 414 H RE /= & 47
R T 9.72% . 8.99% Fil 5.84%; OPTS AbFRY
TE 2023 4 W E " 6.83%, HABFEM LR EES,
S AR RRE, A TIEAR IR CK AR PR ) ™ 5
PRI 59.27%~74.40%, 5 OPT AbFEAH I,
OPTN b F P-4 it ik 3 T % 6.23%, OPTS Ab#!
R T 2.68%. R WITEMEAEHEAC 1Y S Ak T
Ik it BUIE B M 2 B H R i, 7R
i T B 1 A o % Y R B R S Y e s g s UK
Fto # 6 £, CK AbHEAY H I v] 5 22 7= i 45 4L
(SYD) |k, SRR (CV) I/, FWANEIE S
TR S AR R PSR/ o A (Rt A Ab B T B
SYI J¢ CV Tolb #2550 Ui IR 34 T R sk fi it S0 %
HRERa P K T R4 0 WA .
2.8 MEXMSH

XFABEGE 3 At M A B VG N Y AR bR AT

*3 KETREEAELETLIERBEASE
Table 3 Soil acid-base buffering capacity under different long-term fertilization treatments
PR 2 M £ IR vh A [mmol/ (kg pH)]

Qb3 Treatment Acid-base buffering curve K Soil acid-base buffering capacity
CK 1=0.042x+5.98 0.96 24.00+0.22 ¢
OPT y=0.034x+4.87 0.92 29.19+0.68 ab
OPTN =0.035x+4.74 0.91 28.88+0.41 b
OPTS =0.033x+4.86 0.92 30.43+0.21 a

T CK—AHAEXTE; OPT—HEREMIAL; OPTN—ZEOPTHEAY FIMtiS0% %A ; OPTS—EAiE A+ e i ik M . [MZEHR)G ARG ik
FRALHR] 25 57 [ 2 (P<0.05),

Note: CK—No-fertilizer control; OPT—Recommended fertilization; OPTN-—50% higher nitrogen application rate than OPT; OPTS—Recommended
fertilization plus sugarcane leaf mulching and returning. Different lowercase letters after data in a column indicate significant difference among

treatments (P<0.05).

*4 KHATRERLETLRENREEMFSSETN

Table 4 Changes in soil organic matter and other nutrient contents under different long-term fertilization treatments

Qb3 HHLFT (g/kg) 24 (g/kg) TR (mg/kg) 2 (ghke) B (mgkg) B (ghkg)  HAA (mg/kg)
Treatment  Organic matter Total N Alkali-hydrolyzable N Total P Auvailable P Total K Available K
CK 17.27+0.46 ¢ 0.87+0.01 ¢ 65.40+1.87 ¢ 0.44+0.02 ¢ 4.28+0.32d 1.89+0.07 a 39.00+2.50 d
OPT 18.33£0.22 b 0.89+0.02 bc 71.41£2.45b 0.82+0.03 a 69.34+1.73 a 2.01+0.32 a 148.17+£3.18 a
OPTN 18.68+0.39 b 0.93+0.02 b 76.95£5.10 b 0.77+0.02 b 61.67+1.14 b 2.20+0.22 a 108.00+£2.00 b
OPTS 20.16+0.66 a 1.00+0.05 a 90.26+2.13 a 0.79+0.02 ab 57.44+0.66 ¢ 2.18+0.32 a 96.83+0.29 ¢

TE: CK—ANHIALRT IR ; OPT—HEFFMIAL; OPTN—/EOPTHER F14ES0%%; OPTS—HEfA G +REMT B ik 1. [RISVEHR IS A IR)/NE T2
FIRAL PRI 22 53 W (P<0.05).

Note: CK—No-fertilizer control; OPT—Recommended fertilization; OPTN—50% higher nitrogen application rate than OPT; OPTS—Recommended
fertilization plus sugarcane leaf mulching and returning. Different lowercase letters after data in a column indicate significant difference among

treatments (P<0.05).
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&5 2020—2024 FREHELLIE T HEZE (kg/hm’)
Table 5 Sugarcane yield under different fertilization treatments in 2020—2024

QLB Treatment 2020 2021 2022 2023 2024 1 Average yield
CK 57.551.22 ¢ 56.07+1.07¢  5531£2.51 ¢ 583042.60c  57.29+1.04c 56.90+1.05 d
OPT 109.78+6.98 ab 95.90+2.54a  87.98+1.05a 111.02+4.61b  78.54+2.05 a 96.64+£0.19 b
OPTN 104.87+1.53 b 86.58+1.22b  80.07+2.86 b 107.67£0.80 b 73.96+2.76 b 90.63+1.07 ¢
OPTS 111.45+1.06 a 103.61+1.56a  84.41+2.20a 118.60+2.61a  78.13+2.76 ab 99.2440.19 a

T CK—AAEXT IR, OPT—HEZNGAL ; OPTN—{EOPTH:ME L 347ii50% % ; OPTS—IEAA AL+ i5iA H . RFEE G A F/INE 7

FRAb B 22 5 2 (P<0.05),

Note: CK—No-fertilizer control; OPT—Recommended fertilization; OPTN—50% higher nitrogen application rate than OPT; OPTS—Recommended

fertilization plus sugarcane leaf mulching and returning. Different lowercase letters after data in a column indicate significant difference among

treatments (P<0.05).

*x6 TREIMEEAETHEARFE~SRUKR~E
TF R (2020—2024)
Table 6 Sustainable yield index (SYI) and coefficient of
variation (CV) of sugarcane yield under different
fertilization treatments (2020—-2024)

Ak 2R CIESE Tk Cik 1o RETE N
Treatment SYI (6\%
CK 0.93+0.03 a 0.03£0.01 b
OPT 0.72+0.03 b 0.15+0.01 a
OPTN 0.70+0.02 b 0.17+0.02 a
OPTS 0.69+0.03 b 0.18+0.02 a

E: CK—AEAEXTIE; OPT—HEFEItAL s OPTN—FEOPTHER I
JE50%% ; OPTS—HEFENEAL+HEM B S8 1 o [ 51 B4 S A [l /s
B3R B 24 57 2 (P<0.05),

Note: CK—No-fertilizer control; OPT—Recommended fertilization;
OPTN—50% higher nitrogen application rate than OPT; OPTS—
Recommended fertilization plus sugarcane leaf mulching and returning.
Different lowercase letters after data in a column indicate significant
difference among treatments (P<0.05).

R (R 7), 45REW], +3E pH SRR HESR
AL S R ARG, St w1 i
RIEAR . R AR SR vh 7 5 S R R S T
. CEC AP & 2IEMG, a5 15 pH
LRIEAASG, SMRAE R R sg et iR & i B O R

3.1 KHEIFER M FE R M IRLDIE B iH T2

AR B, KIIAHIEAE T 13 pH AL
TR 0.04 AR, SRR T RE I A it JE 4%
T, LR NG . S 16 AN AE b
PR -3 pH AR T 1.72~2.00 N8y, 480 T T
A S A B R I i, L R A R
FARMEACAEEE , AHFFEH OPT Ab B AR I 37 4317

JABIBCE A, SYFRARAECIB S L RS, ixmt
FUAR IAE T AR-MEERRAERE T, PEA AL R 2
MO RRACIERE . S AMT AT R, A
it 55.1% B E TR ATH TR ALY, KA
A EAEHE N T 88 v 35 P R HE R AE R B,
BT SRR AL RUE AL X SRR R 4
AN, B TCEGRUEH R i, T Bl A TE SR
SRR E R AR NI, Flad e &
A 14t O SR 5 A~ 657 1 0y e R L SR AL By 42 22 1]
I ) o

WS, A 2% AL Ak B A il Y 5
HE, E 8 v S 48P 0 A S A 1 B 5 AT AR T AN i
LA 4 o P R REJE AL i b A B
RFEW, LR E TR, SRS TR
TR R s ST HE B AU 2K AT RS H S AL B A
K, HTEE T SR A P AL, A
NEShns B B R 35h, MEAEALBEAREL T AN
JRNEH REAE Yy B SO, AR e AG | BRI RS
TS, S e ) S B A R B A
Py WCAR AL R T AR o A AN it A A B ) 4 1 6
B F AR, 2 CEC Fg AL & K Tt e
REEE, TR, ANHEAC A+ SR AR IS PEREAR . A
PRAEREICR B Z , K28 A R B9 L R4 T AT R 2L
it A A B A PR i 2 v 2 B AR T IR A AL HEE 9
3.2 KHEIE & A RAE R SRR R (L A2

ABETER, TEHER NSRRI 2 16 4FEE
ARG T B3 pH, $ 1 LIEm i, JERm 7
LI AR S R, R T
MRS, X HIEATBUBLIR B o s
FUEAMET, AT A, S8R
FREKEE AR W0 ERR SR -1
Hgk B ECE ok, R E R T R 2,



1118 R R R L S 2%

*®7 LBEERE. 79 REBTFHFEFEXMES (R CKM

Table 7 Correlation analysis among soil acidity, nutrients, base cations and related indicators (except for CK)

1545 Index pH AR Ex.Acid Ex.H Ex.Al Ex.B.C CEC pHBC SOM Y
pH 1

AR —0.87** 1

Ex.Acid —0.44 0.54 1

Ex.H -0.22 0.45 0.93%%* 1

Ex.Al —0.79* 0.78* 0.77* 0.61 1

Ex.B.C 0.85%* -0.61 -0.02 0.19 -0.48 1

CEC 0.30 0.01 0.47 0.62 0.06 0.62 1

pHBC 0.57 —0.13 0.26 0.49 -0.21 0.79% 0.70% 1

SOM 0.31 0.01 0.55 0.72% 0.24 0.63 0.60 0.74* 1

Y 0.84%* —0.74* —0.44 -0.30 —0.78% 0.59 -0.01 0.51 0.08 1

I AR—TIERRLER; Ex. Acid—3C#utEiR; Ex H—2C#utE A ; Ex. Al—3c#uthfh; Ex BC—3cthEh s v ik ; CEC—FHEF3cik

i pHBC—RINZE A SOM—HIEA L, Y—r=H. *,

w458 P<0.05 . P<0.01H1P<0.001,

Note: AR—Soil acidification rate; Ex.Acid—Exchangeable acidity; Ex. H—Exchangeable H'; Ex.Al—Exchangeable AI**; Ex.BC—Total
exchangeable base cations; CEC—Cation exchange capacity; pHBC—Acid-base buffering capacity; SOM—Soil organic matter; Y—Yield. *, **, and

*** indicate P<0.05, P<0.01 and P<0.001, respectively.
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