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Effects of different fertilization modes on the fertility and stability of red soil in upland under sugarcane leaf
returning to field

WANG Dexin, DU Jianjun, CHEN Haibin, CUI Peng, GUO Hongmei, CHEN Zhuo, FAN Ruqin”

(College of Resources and Environment, Zhongkai University of Agriculture and Engineering / Guangdong Provincial Engineering
Technology Research Center for Environmental Pollution Control in Agricultural Production Areas, Guangzhou 510225, China)
Abstract: To explore the effects of different fertilization modes on soil improvement under the return of sugarcane leaves to the field and to
an optimized combination, this study focused on the widely distributed red soil in southern China. Through pot experiments, the effects of
five fertilization modes, including sugarcane leaf return(S) and no fertilization (CK), conventional fertilization (F0), pigeon manure organic
fertilizer replacing 15% fertilizer (F1), pigeon manure organic fertilizer replacing 30% fertilizer (F2), and optimal fertilizer application
(FC), on soil fertility, aggregate size distribution and stability, and other soil properties were studied. Results showed that under the same
fertilization treatment, returning sugarcane leaves to the field significantly improved soil fertility and stability compared with no-return
treatments. Compared with SCK, SF1 treatment significantly increased soil organic matter by 31.7%, and soil nutrient contents by 21.0%—
187.5%. All fertilization treatments showed lower proportion of <0.25 mm aggregates and an higher proportion of 0.25-1 mm and >1 mm
macroaggregates compared with treatments without fertilizer. Among them, the MWD and GMD values of SF1 treatment significantly
increased 54.0%, 88.1%, respectively, while the proportion of <0.25 mm microaggregates significantly decreased 28.4% (P<0.05). The
combination of sugarcane top returning and fertilization can improve the fertility and aggregate stability of red soil, and SF1 has the best
effect.

Keywords: straw returning; organic fertilizer substitution; red soil; soil fertility; aggregate stability
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HERR AL | ISR IR A L D IR R A A
iR 55 R 2% it AR it 2 T 4 R L ol 4 1 R
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J7 R HELE AL R - HEE Ak, I T e b Xk AR
()3 BEAKCHS . Galdos S5 252 8 4 5 (i i 40 2 B, i
348 FH 4 3 S e B AT MLA 5 o 43 A E K be 4
T+ T 30% F1380% . i i34 HH X - 39 [T 208 Ak 4 1 458
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E R K FRME N SR A 3y KA R AK (5250 wm ) Rl 4]
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WF 502 % SRS A8 BB 0% $2 /& 1 3 A Rk MWD
FLGMD , 34 FH AR T 1 38 e 1 - 458 A SR IR
FEMERE S T 30.9% . fE R HESR % B 7 1, Wang
SR IR FE A FH AT D R b AR L AL A
AR A, AR B T - HE SR A A 0 R B R Y Rk
RIEVVRTHED = 5o BLAh, 5 ALH S5 % B HL
JIE S 43 B A AT BB 6% S 5 4 vR B RE AR 2 R FH % T
R 8% 5y BT HEE Ty o R E USRI B oY
BH A HILAE 38 438 A AR IE 45 F 5 Bt I -+ 38 AL 5
i i E T 30.1%, I HAR M T R TG .
AT R BANRS AT 8 H AN BE A A PR ) b NE f
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AT LAAG 00 8 5 75 A T i % A0 1 3 R o R
TS 2 ol A 4 T o ) FE AR 1

H A 2 T 158 8 0 B 9 B O T PR — I H

O AT Wa SNE 05 Gy T N ) G =) AR
I XS MBS A R M i T b o IRt AN
MRRERT 34 FH A5 5 AN R HS A T, R FEH XS LT HERE
T e P SR AAKG 5 R i HUARE , B2 1 TR 5 A
T X RACL &, e i FR] 2D i ) e T+
PR A

| MRS

1.1 ittt

AR SR AR T M T AR XA B AR AR
ORI M (23°57' N, 113°497 E) , g 4E g Hiy [X i 71
LT AT R WL 1. R R OK
1] 2016004 (il o 2 G ) 5 AL S ok IR
R (TN 46%) , i BERR A5 (7 P,0s 12%) , FALEH (5
K0 60%) , i HLIE Ky %26 A PLIE (OM 51.78% N
3.91% .P,05 3.47% .K,0 3.01%) .,
1.2 iR

Bt R 2 N ZE R A 5 20) , 104~4b 3
A4 RV A HES] . B PR 40
F2HR
1.3 a2

BER X 5 1 2 mm G0, B ARERL S kg 14
R (<1 em) FEMTR A3 57 R FFIA H 4544 B Y 1l
B (1 E=1/15 hm?, F[A) THEM T4 800 ke 1155, H
FHER (55 50 em JEFRFE42 30 em) TR % KM R4 7
FORARITIRTS . FOKFERN G B2k B K S — S0t
HOURR . A HUIEAE R AR — vt A o AR B3 19 i
FH 42 560 (el e ) (B3 79 AE R 3 Wit T« SENE (B
HIIE) &7 10% e, THEFI AT sl & 5t s 501 &
40% FIe , T4 R0 5 BEAE 7 509% Fe, TR ml
WU I FH &% 0t I B 224 A 1S >0 M I
N.P,0s K0 % i 53514 26.5 .15.0 kg F115.0 kg
14 HERESUE
L4.1 PEACRAE SR

T KRR G R AR 0~20 em L4 BSR4 S 09 1
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Table 1 Basic physical and chemical properties of the studied soil

o . AL 2R 3 Exil T A LBV B
Soil tvoe  Soil pH Organic matter/ Total nitrogen/ Total phosphorus/ Total potassium/ Alkaline hydrolyzable nitrogen/  Olsen—P/ Olsen—K/
e ¥ (g-kg™") (g-kg™) (g-kg™) (g-kg") (mg-kg™) (mg-kg™) (mg-kg™)
Eag: 4.78 13.80 0.28 0.30 13.15 62.79 3.54 35.00
http://'www.aed.org.cn —255—
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Table 2 Experiment treatments

b F JEEFEFA H B AR JE I Fertilizer application rate/(kghm™)
Treatment Straw return to the field or not Fertilization method N P,05 K,0
CK 4 AL 0 0 0
FO & HRAAE 397.5 225.0 225.0
F1 & ROZAT ML AR 15% FRIE 337.95 172.05 179.85
F2 & AOZEAT ML AR 30% FRIE 278.25 119.10 133.20
FC i Pt AR HE (O - e 5 A ) 300 150 255
SCK = At A 0 0 0
SFO = AR 397.5 225.0 225.0
SF1 = AGFEA LR 15% e 337.95 172.05 179.85
SF2 b SZEA MR 30% FL1E 278.25 119.10 133.20
SFC 2 Pt AL (I 4= 1e Jr Tt e ) 300 150 255
3 I IR
TEIE KA B4 H AR RT25 H . ) EEENR

1.4.2 R0 T I

AL S B R AR ) .+
HEpH R 2.5: 1.07K - 52 A R 5 H A ER
FHER JT7EIN R 5 3 HILTCR FH 35 4% R A — A i 4 3:
W 5E 5 42 Rk 4 A sh Il IR /AU E 5 2R
NaOH # fil— £ 86 Bt Eb (070000 22 5 24 R F NaOH #4%
il — ' B R D A 5 A SRR P B 7 R I
A BER ) NaHCO, 32 32— 81 B6 BT bE (0 0 5E 5 UK
PSR FH NHLOAc 12 48— IO B BE TR
1.4.3 TIPSR E MR

KR A 5 A SR R B s 0 22 2 100 ¢ KT
+ BT EM(1.,0.25 mm) T)ZH=2 AZKH 5 min, 2R 5
F AR EALL 30 mm JR0F BN RSIE 2 min, 1K
L0 E T 60 CF LTI i, Al 45 A AR oK
FacbE A R AR 2l 4 B 1

-2 5 ELAR (MWD) 5 L3 5 AR (GMD ) >R
AT AR

MWDZZ{XMZ} (1)
Z(m,- Xll’lX,‘)
GMD=E,| ———— (2)
Yo

AP XN i A R B AR mm i ma R 5§ G ]
R, g;m oK 1S T o
1.5 #iEabi2

FI A Excel 2010 F4X5 1050 $icd 4740 28 F1)
SPSS 27.0 AT G143 B I X E A 2R 7 25 43 B AL
725 (LSD )£ 55 5 F1 ] Origin 2022 il &
—256—

2.1 EEMEE S MRS hExT LB R A ST
2.1.1 Xt EHEA ML (SOM) 5 1 [ 52 1

JRE 3 FH 55 A [ AR i X SOM 7™ A= T I 25 5%
M (% 3) . BEREANIA B 24T ,FO.F1.F2 FC A B4
I # F CK 4b FE SOM % 1 i 2 44 F+ 18.5%.39.1% .
31.1%.,20.9% (P<0.05) , H:H F1 4b PR TR0 e
AR B AT A HUIEE AR 15% fLIEXT SOM 5 &
PR BT R TR . AH R AR AR B, B SF1
A, H A it A Ak B 25 6 B0 A JRE AR HE SOML 13 F AN A
H (P>0.05)
2.1.2 X 13 pH 52

P 2% 3 B0, B A it A Ah B AL , 4540 B 4 458 pH 1y
FEHN EF A FH AL B = REE SIS L, HAS 2 A HLAE
BEAC 15% FL IR g8 H (SF1) AR P pH 2 25 3 FAS
W H (F1)(P<0.05) o FEMANIE HAME T, FO 43 pH
eI, LAt AT A B A 2 B4 B g g, b R2 32 7
WOR BT 42T T 0.78(P<0.05) , 4 i JE b 241 fia] 24
WA B EEZR (P>0.05), FEMGEH &/, SFO4b
L pH f X, SFC 4b BE pH fiz &, HA T SFO £ 7+ T
0.46 , {Hjifi A AL #1 2 [0) 438 i Pk 22 52 (P>0.05) .
2.1.3 Xt - HEZEHE (BD) RIS

JEE I FH 55 AN [] it RS e Xof 4 48 25 ™ A BH I
M (F3) . BEMARE H AT, i B AR E
KF kO, Hrh F2 H 8 FH R (1.32 grem™) , B K
T FO(P<0.05) . BEMFEHA&MT, LEAER SN
SCK b3, HAAb P 5 2 HeAS S5 PIrREAIR , (33 A 35
F B Z MK (P>0.05) . Hirp SFC AN FRAS H /e Ik, M
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Table 3 Effects of different treatments on basic physical and chemical properties of soil

s A HLJF Organic matter/(g-kg™) 43¢ pH Soil pH + e Soil bulk density/(g*cm™)
Treatment A H TERA AN JREMA 1 Rifk B TERTA
AN it S 13.26+1.22cA 13.94+1.03bA 5.93+0.05aA 5.85+0.23aA 1.37+0.03abA 1.35+0.00aA
R AR 15.71+0.58bA 16.19+1.94abA 5.47+0.15bA 5.82+0.07aA 1.42+0.02aA 1.3320.01aB
MZATHUIE AR 15% f)IE 18.450.65aA 18.31+0.93aA 5.93+0.04aB 6.19+0.04aA 1.36+0.01abA 1.32+0.03aA
MZATHLIE R 30% fLIE 17.38+0.26abA 17.99+0.70aA 6.08+0.13aA 6.25+0.09aA 1.32+0.02bA 1.3120.04aA
Mt ke 16.03+0.67bA 18.67+0.98aA 6.03%0.13aA 6.28+0.10aA 1.37£0.03abA 1.30£0.05aA

T - [P ECT 5 A )N B3R M [l B3 2O Rl HE AR BE R 28 53 12 25 (P<0.05) 5 [l 88077 I AN 8] K5 7B 370 AT Il e B Ak BEOAS T it 1 7

AT EFBH(P<0.05), FHE-.
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T A, A 34 FH ) SFO Ab 2+ e 758 7 g 3%
KT AR H K FO AL 3 (P<0.05) o 45 Tk, JEM- 18
FH 255 AN (] it S 5 it AR 2058 5 it S i ot B A ) e
s,
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AN B 5 AT CK 3 B35 4 T, 48 T I 32 o
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3
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F+ T 22.1%.21.7% .30.8%(P<0.05) . H & 1bAI %1, jiE
A AN & FEASIE A FRES A iR T B 22 S48 3%
ARBN B E K- (P>0.05) . 2 BRI, BEMHA 25 &
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Figure 1 Effects of different treatments on soil nitrogen contents
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A H 44 F , SFO.SF1.SF2 ., SFC - 3 TP & & 4%
SCK #& T 2 593K 3] 17 @ FH AR, o 4T+ T
70% .86.7% . 70% . 86.7% (P<0.05) . 45 kb BL[A] AP 7
AR AL S TP — 2, B &t A AL B B 3 S TR
it HE AL 3, 384 1 A 134.1%~187.5%(P<0.05) . A [ )ité
NE$E T, JER IS H 5 R IE HALBE TP AP & & 25 57
VPR ik 3 8 25 K- (P>0.05) o
2.2.3 Xt HEAE (TK) FIERCER (AK) 25 1 [R5 1

Fy ] 3 A5, TR I FH 5 A [ i I 5 e A 4
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& 3b AT, £ 56 HE (FO L F1 . F2  FC) kb BRAR % T A it
JNE 3 AK F e A frde gt . Hoh P2 3R A RCR B4
T T 52.2% , HIRJE FC, #2777 46.4% , K3 1T
FIKW-(P<0.05) o Ho 4yt AE b B 45 CK 2 THK B 3%
(P>0.05). FEMIAH 24T, BR SFO 4, SF1 SF2 . SFC
AbFARE T ANt AE TK & 5t 354 2 4 T, 35 0
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Figure 2 Effects of different treatments on soil phosphorus concentrations
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Figure 3 Effects of different treatments on soil potassium concentrations
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Figure 4 Distribution of aggregates with different particle sizes in

different treatments
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