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Abstract

To reveal the regulatory effects of different fertilization modes on physical properties of hilly sandy
tobacco-growing soil in Shandong and clarify the soil conservation effect of water-fertilizer integra-
tion, field experiments were conducted in Junan and Yiyuan tobacco areas. Three treatments were
set up: conventional fertilization with flood irrigation (CK), controlled-release fertilizer with flood
irrigation (T1), and water-fertilizer integration with drip irrigation (T2). The results showed that
compared with CK, after harvest, T2 significantly decreased soil bulk density to 0.98 g/cm3 by 8.41%,
increased total porosity to 62.84% by 5.24%, enhanced capillary water-holding capacity to 31.31%
by 21.36%, and improved soil air content to 52.58% by 1.15%. T2 displayed the best performance
in stabilizing soil water content, reducing bulk density, optimizing pore structure and enhancing
water retention during the whole growth period. T1 could improve partial indicators with obvious
fluctuations, while CK showed the poorest soil structure stability. The comprehensive improvement
effect ranked as: water-fertilizer integration > controlled-release fertilizer > conventional fertiliza-
tion. This study can provide data support for soil conservation and green production in sandy to-
bacco areas.
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TP EAERAE FREME, HRYEVR E R RE R Bk oK. BUIERE ) KAR AR
sl SRR RIE SRR LIRS T R S B0 25 R SR A R 2], S E At
A, AELRIES. RERIKMIRGL, RER eI R AR E, R mIR D 5K R R,
DR AR . HEAC AR RBE A B I BOBUAHERE (3], JL4ER, BEEREINELUWREANIET:, %5
TEAETT 305 KK g R AN T, BRI s . GEIRAE. LRI TR fROKERIERE
TIUEES R, AU LR 7 AR T, AR R AT SR Y 3 e A s

AR ETFE . PR s X, SRS E R RIS DA O T, R A
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A REE LIRE . RT RIROUKEE ). PRI SRR IR (5], DTG IREL,  BRARTR MK,
WAE— R B T ISR SR IR BIR . SR80, B ER . TR, REHKIE—
AL RIS U O N R A I IR A E L FLRRAE . KRS IR bR S AL
SN I T BB =, JUIL B Z 0 IR EE M DR R RO B SR B PR

T, AHTFCULETRE . YTIEH X ) E AR B IRTE, RGO T A R KL E B R e
SR B AR, S AT S A B e B A ) 2 R AR (6], B K IE— R fl A 3%
PIEEVEIR OREF T TH IS, WA R AL B 3 e RSB, D9 B 3 B AR & . KB B U v
ORI FH B 0 JRAIE o = 7 S R 4

2. 5 H*E
2.1. I HIEE SR

RIS BITE L ARG I I T B g B R 2 B S S T ) IR B A% O X R D I T, 194 b 350 s B e >0
TERA R, PUZESB, LB, 10 12.8~14.1°C, FEEKE 650~820 mm, FFF RN 6~8
H, SHEREKIAFTR KA &, HFE AL 5 B BT 5. i Pt #5710, HegE
B, RESRRUNEREE, BHRRIE, BUHEEYAEEL, FFE AR ER . IR T R A P Hh Rt e
PHEREAT I E s 0~20 cm 2 FEAE A TR bR A — 30, TR EH 1.18~1.22 g/em®, EALBRE 53%~56%,
A& 12.6~15.3 g/kg, pH 5.8~6.5, & EMLEMHAK[7]. P iRE HERAE 53557, A& BE A4
— 8, WRIRIR A R B XA R ST .

2.2. REHRL

PR I Ay 2t AR B A, RAERN R . KA. fhRI R R . Btttk (1) %
UM I AL, ol X AR Q) W& R AILR], B 120d, FRBEBS
T A IR AR A LS (3) ML SN A AKIE— IR A R A I A AU T I
I PEAS L R B E AL R 2, DRAIEZK I S (RN 5 5 AR B 5 4 P Ak BHR ) A% S JEE 2 8 U7 39

2.3, Rt

RICRHBENLX T, WE 3 M, A 3 KES, PMXHEM 40m?, DX, Bk
IKARER L. & A FRR B S R R R AL, BRI 7, WAERG . R T A SE H )
B e A B FEICS AL U A PR R AR R ST o A FRE B AR s AL HE(CK): 70%3E A
+30%IEAE; FEREARAREE(TL): (10-10-20)20 A7 + FAYIBEFCHE, =5 FIAR T R 15 I8 it it H
IR LR B S L (10-5-35) KRBT R AKIEALEL: KAE— AL AL BE(T2): R + KBS, RYE
JHEEAN R A B T K TR IR, K K A A T K, BT R G KEA, DR Z IR FEHEE
M[10], BARGAL T W% 1.

Table 1. Fertilization scheme

F 1. MAEAR
Ab R N-P-K Kt A B (kg) B ARt (k)
CK 10-10-20 25-25-50 7.5-7.5-15
T1 10-9-23 13-12-30 2.5-1.25-8.75
T2 10-10-30 7.5-7.5-18 1-0.5-4.5
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HE— I, SR BRI MEER ARSI R, DA RIRRZRE . A ZE R, AR HE
VTR, SEATIEAE 1 AL Gus K o A

FEREAE + AP R Ak B K 23 B T %R

FEREAE + AR I B (T 1) FRE R F o B N TR EE, AR )G BRT > S HE A K E,
HARNHYE CK ¥ 3G #EBA I NG EMRK, SZmil. FIRRE. KT 15~20 REB—K, &
PIACL BRI BRI H], AR TR, ATEE RN LA > R R o i,
MK o AR AN 2 Al G5 A R, oA 7K R 42 1 it

TN B Ak 2R VR 5t A A

IKAE— A AL R R 7 3, AR G IEIE /D E 2 K. KREFED R, R 4 Ak A 5 3 A
#. R IR ERAK, EIAER 7~10 REBHAE—, HERIRERIESEE 5~7 K—IK, &
HIAIRG 10 KA BUGEM BRI ZER T 8~12 m®, LUBIHR RFER . ARUKBIRNE;: AWK E
PR, KIS 10-30-104 &8 10-5-35)M BN 0.2%~0.3%, WAV, hiE TR, *©
FHEE AR, SRR AT 0.3%, AU, [RIRRTEC A IS R R, R KRS
RARTGEEEAME
2.4. TIBHRRESEFNE

S RTERSRRAT BRI, BERH. B, RIS 5 AMBTIREE TR . AV NXCRA “S” T2 S
REUBEE, REE 020 cm BHZ R T 5IREG LR, BN, Mirbrid, RS s 3R KT BRI
HEATFRARI5E o

W fatr 57735 LIEERE S /KR KA 105 CHRT%, FREC—E =it L, BTraEH, 5 E
KEE . BEAE KR HEES/KERUTIEFERFTER[11]. HHEFE: KH 100 cm’ K]
%, REFURLRE, BEFRRE, THERAART . LR ARYE LI L R (A 2.65
g/em?®) i BILBRE (%) = (1 — HH/2.65) x 100% EEFLIEE: KA JIRKE, g HIEEEFKE
IEEEILEE. BERKE: BRSNS, R EEEILRAKE . BIEEREE:
TR EE%) = SR - LEAREKE, RAE-SEAR[12].

2.5. BIEALIE

K H Excel2021 #7588 83 5 1F 5, Origin2023 AT ER L, KA SPSS #AF kAT btk 1% 211 54
BRI T 25T A Tukey £ 5 HLE (p < 0.05).

3. ERE S
3.1. AEIFERER A LS KER N

T KA IR - K B ) S /K AR B AR I B FE AR 13]. RIS 1 BTN, REAR AT AL BE L
BEKELEEER, BARIF—IH.

AR TIEES/KERIN T1 (13.99%) > T2 (12.76%) > CK (10.15%). ERIES5KIE— &L &
KERFE ST HEMAAHE, Koarptsnsfae. KW S/KERN T2(9.54%) > CK (8.96%) > T1 (6.96%), 7K
NE— A 4E R IR A K RS, RIER LI BK 5. iz E7KEA T2 (10.99%) > CK (9.54%) >
T1(9.35%), KIE—f&A 7K 73 78 2 HAGE , A R TRt szt RIS : 7K &8 T2 (12.35%) > CK (11.30%) >
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Figure 1. Dynamics of soil water content across different growth stages and
comparison among different fertilization treatments

E 1. TEIHIESKET UK FRHERRIA S KRR

BARKE , KA (T2)fE AR B AT dERr U m B K&, BB AL (CK) & 7K E IS
BRAETOHRMmME . e IEE TR, KofReErtszE.
3.2. FEIEEER M LESEHNM

T E YuE LIRS R R A E] [ 14].

WRYEE 2 775, BIARY. 3R E K/ T1 (1.18 g/em®) > CK (1.09 g/em?) > T2 (1.03 g/em?).
Wi ZE N T1(1.12 g/em®) > CK (1.06 g/em®) > T2 (1.03 g/em?). FREI: A E A T2 (1.03 g/cm3)>CK (0.99
g/em?) > T1 (0.94 g/em?®). KUWJG: FEN TI (1.13 glem?®) > CK (1.07 g/em?®) > T2 (0.98 g/em?). 44 H
SRR R BMRUC: BRIE > EREIE > KIE—1&4.
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Figure 2. Dynamics of soil bulk density across different growth stages and
comparison among different fertilization treatments
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3.3. FRIEREZRN R FLIREE M

LI R EIEIE A FBK S EKGEARE[15]

H P 3 T, FAR: RALEREE A T2 (61.29%) > CK (58.70%) > T1 (55.47%). HEKIM: SFLBEEEN
T2 (60.95%) > CK (59.99%) > T1 (57.90%)» s34 : SALBREE A T1(64.59%) > T2 (61.11%) > CK (62.54%).
KOG BALERE N T2 (62.84%) > CK (59.71%) > T1 (57.52%).
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Figure 3. Changes in soil total porosity at different growth stages and comparison
under various fertilization regimes

Bl 3. FRMHIREARETURAERERAN TR D FLRER

EEEBARIN: AKIE—AR S LR fm Hifare, A E &, BRI s Hik sk,
Tt BV RE e S R LR S

3.4. NEHEARER HIREEFLIRE IR

B AL vhoE TR K S ALK AE
2 Box, B BE %WﬁﬁCKmﬂwayn@am@>m@1@m REKHA: BE LR
N T1 (32.55%) > CK (32.16%) > T2 (30.93%). . BEFLIEA T2 (36.49%) > T1 (30.44%) > CK

(28.74%). KUWJ5: BEFLIEEN T1 (34.87%) > T2 (30.64%) > CK (26.18%).

Table 2. Other physical properties of soil
2. DIREAIEMR

EAY Ak TEIBEER) (%) BERKE®%) LEEKEGR) (%) LS E%)
BARHI(PT) CK 27.08 +0.52 23.89+0.33 14.43 +0.33 43.98 + 1.02
CK 36.35 = 161 33.40+0.42 10.51+0.54 49.45 + 1.41
Rﬁgﬁ T1 36.07 +0.73 30.63+0.7 17.01 + 161 39.21 +1.54
T2 31.69 = 1.84 3113+ 112 12.40+0.38 50.34 +2.19
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CK 32.16 £0.95 30.73 £ 1.32 10.16 + 1.52 50.84 +£1.28
K3
HE K5 T1 32.55+1.56 29.44 +0.59 8.17 + 1.68 50.34 +1.80
(VG)
T2 30.93 £1.18 29.97 +1.68 9.58+£0.35 51.99 +£2.32
CK 28.74+1.29 30.17+2.01 9.16 +0.55 56.87+1.15
o i i
ol T1 3044+ 1.41 33.01+1.05 8.96 +0.46 57.02 +£2.58
(MT)
T2 3649+ 1.52 35.90 £ 1.68 11.15£1.20 51.23 £1.67
CK 26.18 +1.01 25.80 +1.35 11.25+1.65 51.98 +1.42
ﬂzgﬁl?l})ﬁ T1 34.87+1.87 31.34+1.59 11.88 +1.03 46.97 +2.45
T2 30.64 +1.75 31.31+1.56 11.39+£0.89 52.58+1.93

ARG, KRB LB B3 LT R i, R R RF SR T R IR ROKFFIERE
71, BEAFE I JE KRR

3.5. FEEREFER N T IREERKENT M

BE R E R K AE 1 9mEE .

2 Hor, B BEF/KEN CK (33.40%) > T2 (31.13%) > T1 (30.63%). HEKM]: BERKE
N CK (30.73%) > T2 (29.97%) > T1 (29.44%). MFIH: BEFR/KEN T2 (35.90%) > T1 (33.01%) > CK
(30.17%). KW J5: BER/KENTI (31.34%) > T2 (31.31%) > CK (25.80%).

MHEKIA RN A, KR — B KBRS m A B E, R/KEET) B0 T I A b 3
WAL PR TR, RKAE IR R .

3.6. TRIEERAN LR=STENT N

TR G R SEE SR, B AR R

2 Hor, B HIEsSEE N T2 (50.34%) > CK (49.45%) > T1 (39.21%). HEKIM: &S558
N T2 (51.99%) > CK (50.84%) > T1 (50.34%) . il #IA: 2555 8N T1(57.02%) > CK (56.87%) > T2 (51.23%).
KOG S EN T2 (52.58%) > CK (51.98%) > T1 (46.97%).

EEEHAN, KE—A g S A E RS Hfeg, BA0RWEM; BRIEGEESEI, H
PRI RIS B A A
3.7. X BB REETEN

giti 2, GETIEEKE. HE. BILRE. BEILRE. BERKE. ZR8ENTUER LG
H

KIE—RAG(T2): A E IR FLBRE A, SvKERE. ROKMEMR. B RLF, X gy
PRI S T R BUR B . FEREAE(TL): WD T EREIR S, (HAzig e, HIRESEE, SKESLI
FEBANAR, SRR T, HIHELCK): TIEgmfettz, S/KERIK, RKEGESTREIRS,
Xof BB MR ORI RUR B 7

gi b, =M AR RO IR R 25 A R N A KR — R AE > SRR > WAL .
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gAY H S AL AR AR T bR I SR AR e e S RN HE S Oy SN S R [16]. AR GIE HEK R
M 1K, SR IR A, FEE/NEURLE ZE LIS, s A TSRS, A E LT FLBRE TR A
WAL, AR B HHERS), (EAHRE (0 T 3 R A DL FRRR 0 . IR AR AL 3 R — R P it
AEWE> T HRLEICEAE, (HFREM T U @R, T3 SL i @K ARAFAE, DRI E E e S LB fm
[17].

KR — AL R 730, KRB SIBNRIX, AF2AERRR . Al R, AR LI,
B ROE S T RIS IR AR RN . RIS, KSR IR LS BE AR RAEK, WRFR. 2
KA g AR T T R AR, P RRA E, IR m LB [18]. AP AL R BN, KIE—A
AR IR ERMK. SIRE RS, S5 LR EEYE . BE LR R T H g ARK
FRIERE T, AEBAE FLBROREFR G BE LU ) CRIFDE S0E K, TR 1 IE TR A KRR R FLER A5

4.2, 7KBB—{AAL3t IRk 5352 E AV RA MU

MEAFLE T KD TRER R, IRIAFR KRR, XKD TR [19]. & AALEEIS #E
ALY, KR GIREBRE, HRS/KERSEZ, RS MUK AL 3R LA 2 AT Y
FOKEME, EEPHARLR, SRR TR, KE-Aiemdzmas. SRR, fit
BRI IR L YRR B, R T, B IE ISR, R K] 5 B R B B2

R, KIE— st IR A b, IR mBERKE, B E S HOKRET), K R
¥, SREUKMARCR . AR ITEHXFEET2E 5T, KA fag 8K 201 REEH
RIEWARKAAEEISEE L.

4.3. TRILE LR RN EFHERSEBEEX

ASHIT T WA 3 RSO AE R > RREIE > WAL, HZER O AE TRIEHE Ny 305 1%
PABEEA . HRRAE + 2RO HIREI IR R [21], TRV EVERGUTE; RRAE D> T it
NEDE X 8GRy e, (RIBRETT 3CRRM 1 e RACR: KR — R P AR s 1) -3 i 2
WA, [FRRACHR DOKIERREE, (et HIREE M RIER T, SCBl 1 Iy M B RRE ORI 5 B8 [22]

WA SLEE, WA I, ARIEIR O™, RIS Tan, HESSRICREWR: K
—AEH AT I, R BT, RSSO R RESR . R R TR IX AT K AE — &AL,
AREFETHHM B, e SEIL RO T SRR, AESEE 5 5 el W 23]

44. METEERE

AT IR A LSS R I e B A T B SR T A SR 24,
ARTIFIEL B ERATII, FABRR I — B ISR UL I, 74 & 24 e it
BRGCKIDRIE — (P LAY LS BRI, WA DL G 2 T L HE25).

5. &g

ATV E . ITERERKOIN 5, REHTIT T HAL. SR8 KL R4l 3 R s Onf 5
SR SRR B B SN, I IR SOK R R, SR BE LG 20]. BEFIKE
LR G B RG G T, Sl LTS
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