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Abstract

To investigate the effects of different fertilization modes on agronomic traits of flue-cured tobacco
in hilly sandy soil areas of Shandong Province, and clarify the improvement effects of integrated wa-
ter-fertilizer and controlled-release fertilizer, flue-cured tobacco in Junan and Yiyuan was used as re-
search material. The plant height, stem girth, leaflength, and leaf width at the rosette stage, fast-grow-
ing stage, and maturity stage were compared among conventional fertilization, controlled-release fer-
tilization, and integrated water-fertilizer. The results showed that the agronomic traits of tobacco
under three fertilization modes all showed a trend of “low at the rosette stage, rapid increase at the
fast-growing stage, and stable at the maturity stage”. Compared with conventional fertilization, plant
height, stem girth, leaf length, and leaf width of integrated water-fertilizer at the maturity stage in-
creased by 9.79%, 7.66%, 2.34% and 6.04%, respectively, and those of controlled-release fertilizer
increased by 4.62%, 3.96%, —2.48%, and 1.88%, respectively. The comprehensive performance in the
whole growth period was integrated water-fertilizer > controlled-release fertilizer > conventional
fertilization. This fully confirms that integrated water-fertilizer can accurately match the nutrient
demand of tobacco, significantly promote stem robustness and leaf expansion, and is the optimal
mode to improve agronomic traits of flue-cured tobacco in sandy soil areas.

Keywords

Tobacco, Fertilization Mode, Agronomic Trait, Integrated Water and Fertilizer, Controlled-Release
Fertilizer, Conventional Fertilization, Sandy Soil

Copyright © 2026 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).

http://creativecommons.org/licenses/by/4.0/

1 518
L1 HRER

MR B B 2 B[], B L AR A AR E I 37 o 1L AR X A7 7 5 o g L
LB UTiR. Iy UK. TOESFHOMZ O, RO R 2], WO, RREGR. R
Hoft s JEIEVELF, (EEE AR ROKRIERE I 22 70 Dyl . AU WG Sk g5 5% nl . fEfL S0
FE T, AR “HEAENL. BIBE. —XMERERAL” I, AOUEEFIRIRARE]. R
PR, RS IE AT TP R, R 2 AR G A S R R T

RETENGEHF AR K FIRIU R BRI, PR Z5M L S, SR PPN R3S . BER S )
PUBRE ST B B I J1 A% D FERR[4]. R Sk T IRRR N AR S 22 R I RE 77, 25 B G R 5
AT A L DL IR 3 5K Oy (s A AR, i A B S U ) ks 1 SR TR AR (KD 5 A7 70
RIUAR Ziabrth FEIVER, SRR OE 7RI B RS SUEMREETT. JEE R DU R A - R 5 &
[5]. PRk, A AT AR A e I B AR MR, b A DX fi o 1 R R A S S

DOI: 10.12677/hjas.2026.166106 873 Al Bl


https://doi.org/10.12677/hjas.2026.166106
http://creativecommons.org/licenses/by/4.0/

=
H
S

Par
&

1.2. BRASMARIER
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Table 1. Initial physicochemical properties of soil

=1 DREMIBACM R

B tigEs KR LHAE o HHLRA TR U TR E-
(%) (g/cm?) (9/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
Erd 12.80 1.20 5.83 14.60 77.35 163.06 60.98 2.84
YTl 14.32 1.13 5.86 15.32 76.27 152.37 64.92 2.90
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2.3. gt

AR E 3 FACAE, SACBERAAC T A F AL, BRI . R, 5 AERA S
SEa—E[14], MG MRS A BRI . AL R AR S EULE 2.

Table 2. Fertilization scheme

=2 MEEAE
R N-P-K Kt B 2 (kg) 18 T it FH 5 (kg)
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

1) H R AR K 4 B 5

Tt AT BRZH (CK) R FAL Gva eI N T0eiE, MR Sk & B 5e 400 85, JoiiEvoite; EE A MK
TR MX LS EL, BREFRENRK, ZHEETRAFER, FRH. IR YE RSN 15~20 K
HEW— I, BGEAC AR HERERE TR MR, DA R MRS E AR, A
AEVRYE, SE AR 1 AL Goks K o A

2) BRAL + AR K T R

FERENE + S IR B (T L) FIRE R VA I N LR, AT Jn « B/ B A K I,
HARMHYE CK RFF—2G HEBA R NERG EMRK, S, FIRR. K 15~20 REB—K, &
PIACLBARBEKCON E; R IGANEH], AR, EB RN A B R Rl
WK A i B N A Gy AR ], oA 7K BB 42 44 it

3) K AE— A b Ak HEEE R -5 it A A

IKAE— A AL B R R 7 3, AR G A D E 2 K. KBRS Ak A A 3 A
B BeAoe R EIRK, S EEE 710 REEBHAC — R, FERKEIRERIE 4 2 5~7 K—IK, K
PIAIRG 10 RAEAT: BRHEM B4R HI/ERERT 8~12 m3, LURIHR RHEE . ABUKBIRNE: ALK E
FERGAESE, JKIEIE(EE 10-30-10. R 10-5-35) MR E N 0.2%~0.3%, AR hiETER. %
BRI ULARRE, SRR E AT 0.3%, BEGLerE, [FINATEA e R, KR KA
RARGEEEAME
24. NEHLRSHFZ

O S TE MRS AR L FEC ] it AR BRI 10 MRARFRMEMAR, e LR FedR: #k i (om):
M ATHIA B A IR T AR s ZE BBl (em) . 7EMEAR AT B A7 B R B RO 2 4G s i (em) s BB T
REmt, DEMREM LR AKE; H5E(em): BUE—IhEEr:, MEM A AR AL T .

X AT 77 ZE BT (ANOVA),  H8 A Tukey (HSD)X 25 SRk 1T 2 E L.
2.5. BENKiR

AR SCHT R N E R YT IR PRGBS S e R, BT R s e Ll AR e e
RFXH, HPTHMH B A ORI 22 S AN, R SR F 08 D9 P A bl D2 00 1R~ 35, B s

CIE S
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Figure 1. Stem girth of tobacco plants under different fertilization methods in different growth stages
E 1. FEIREAREMAE S B ZE

B 1T, = AR A R R 2R R B A R R N, IR R - BRI IE G
FRASHAR B AGIE K A . FIERI: BRRIE S KIE— b 22 R4 2.43 em, RS TEMEE 2.23
cm, SEIEIL 8.97% . 15 B A AL A4 Tt ARV X7 JOR R 2B K i A R TSR LB I i (1) 3% 4, IR 2P RIR A,
NG BB AR KBS e SR [16] . FEKCH: ZERIPRENG R, bR 2 R . KAE— A (11.74cm) > =5
JE(11.39 cm) > HEAE(10.92 cm). FKE—RALECE T 7.51%, #HREALECHE AT 4.30%. HEKIHZ
JHPR T RE S, KR — AR RS HE AR R A e R I . A ZEREEACE AL, P RFFAAL . K —
Akik 12,51 cm, BUEFIERTE 7.66%; $EREAE 12.08 cm, B HIIRTF 3.96%. FWIAKIE — b 7E 44 B 1
I A, AEARAR AT SR BUBIR 8 T B[ 17

3.2. T EHEARRNT R EM TR

5 BB I BT R S S T A, R A AR T A B M i RS SCEERIR
MRRERR, IR AT R, IR RS R [18].

I 2 o] L, - SERE AR B R RR SR, =R R B A — B AR : K AR — Ak i 58 24.25 cm,
EREAE 23.71cm, ¥JEE S TR 20.54 cm. KB —fRILIEIEE 18.06%, I5REIEHENE 15.43%, Wik
Fl AR AT S g B R R [19]. HEHA: mh APy fg, ARSI IR0 K. KR —4& 4k 30.21
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Figure 2. Leaf width of tobacco plants with different fertilization methods in different periods
2. AEIFEAREHEAE 75 T AEARr 5T

3.3. TREIMEARRNTEEM-KHIR T

A S M FE 3R AR B TR [21], 2 AW I B B AR . H RS B L 7 T ) B A

B 3T, KRR AT IR. RIS &Y, ARBURIAER R ZER . R &
FEAE 54.69 cm. ZKAE—1&4k 54.30 cm, ¥R =T H L 49.54 cm, 4 AlEE S 10.40%. 9.61%, FHHEH-2L
RO, BERKIA: ZKAE—44k 72.03 cm REFENE, B MEE 3.34%; HBEIERICTHM, RS0
BRI 23 0% I JKAE—144k 73.59 cm, BUH AT 2.34%; FEREAEMAR T Ao 1 A /K AR — 141k,
TEAE B G R AR AR [22], fRIEM 7, R EFRE. FERLE, BERFA LTS MRS BRI

3.4. T EHEAEKERIRERRRNE

P R WHAR N ) AR K3 BRSNS AR 20 (23] #hmnd BN Kimss, @ a e, &5
PR 2 D0 R 25 1 (1 AR

HH I 4 7L, R bl A & SRR A, AR A 2 S R [24] . HIBRH: JKAE—f44k 39.58 cm, UK
T 42.32%; ¥R 32.54 cm, BRI 17.01%. /KRR AR HEMEIE B AR DR AR e R . K
W MRRPOEIR T, AKIE—1RL 147.32cm. IERRAE 143.25cm, 4> BIECHE HERTT 21.99%. 18.63%, K%
S, R BREla TR . KIE—1k 150.54 cm, BH AR 9.79%; FEREAE 143.46 cm, B LR
Tt 4.62% . WK AL — AL (R IRRR AR iE K S L BER S R B A B, A3 R T3 KUE Yt 5P E[25].
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Figure 3. Leaf length of tobacco plants under different fertilization methods at different growth stages
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Figure 4. Plant height of tobacco plants under different fertilization methods at different growth stages
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Sk E[AL], PUBMRRE I BB A R I miR. B TR R B R GOR IR IERE 7195, KIE—1k

DOI: 10.12677/hjas.2026.166106 879 AR


https://doi.org/10.12677/hjas.2026.166106

<

T
S

Par
&

s “OKIERD . RSHERLSR ” RRtidie B3R E, FE(EHER ZMRIT IR BRI, B OB mi AL
AT [42]; ERIE R I AT 5 FIRIE TR E ST A TESE R ATl AR A X
WL IRORE . MIEEAREE R SRR E /- Vu e R At S SO S PR 25 [43], MHES L AR
W JHZR €0 o o B A R LA T BN AN (L

6. RE

RRFAEAW TR I, 3 DI REUAN TAR: 25 TIBAL IR bR AR B 1 S5 4R AR [44],
ARG O O RD T 3R OR B A HRONE s BF TEAN Rt AR O R S AEAL 2 o)« B S
B MM45], M CORZMIR + BEIRT AR R IKIE—AEEEIETT 5, TR
X AR SRR RS HE R T B A NRE[46]; INATRTEHE) ™ I, HESEOARSCR PUE AL, Bl 2R
MR DX A TS BUAR B R aR AR

EE&UIH
R 8 A R AR A 2 R AR X B - SR B BRI L 351 4645 (KNB26).
P

[1] EBre, B, 22, S EHRA EEAE 7 2 A A o0 i = B &2 ma[d]. REERR}FS:, 2026, 32(2): 17-23.

[2] B, ER, B, % GHEHME SRR B E ZY157 728 KA KK mIOL]. ZRUR R 1-7.
https://link.cnki.net/urlid/34.1076.5.20260109.1308.002, 2026-06-02.

[38]1 #OLH, w&T, £FE, & B ES RN KE— AR EEEAK, e = EREm]. F R,
2025, 46(S1): 1-6.

[4] BXBT4R, XHWE, B4, 55 — M e R E A BEXRH R AR K i s3], Wb, 2025, 64(11): 102-
109, 118.

[5] Lai, X., Hou, S., Liu, S., Zhang, W., Peng, Z., Yang, J., et al. (2026) Mixed Application of Microbial Fertilizers Reshapes
the Tobacco Rhizosphere Microbiome and Enhances Metabolic Coordination to Improve Crop Quality. Frontiers in Micro-
biology, 16, Article 1726681. https://doi.org/10.3389/fmicb.2025.1726681

[6] Wang, J.,, Yu, X. and Yu, T. (2026) Multiple Omics Analysis Reveals the Response Mechanism of Tobacco Seedlings
to Different Magnesium Concentrations. BMC Plant Biology, 26, Article No. 270.
https://doi.org/10.1186/s12870-026-08138-0

[7] Liang, Y., Cheng, W., Peng, B., Xiao, J., He, Y., Xiao, H., et al. (2025) Microbial Response Mechanisms of Organic
Nitrogen Substitution for Optimizing Tobacco Yield and Quality: The Key Role of 50% Organic Nitrogen. Frontiers in
Microbiology, 16, Article 1698745. https://doi.org/10.3389/fmich.2025.1698745

[8] AZ, A, YL, 2. REAHEAE YLAC it A S 064078 K & n & SRR & B R [J]. Ah 7 RHE,
2025, 43(20): 13-15.

[0] F|ESF, FA, AN, % PAREIESER B IR 20K K= s s ma[J]. Rl AR 53 %, 2025(9): 176-
178, 181.

[10] KkFq, S/NFE, I, 2. O [EBER)EC b I R AR PR b AN TR R R B R RS [0]. 9 A ROk R A
2025(10): 29-35.

[11] B RW, i, B, & YL SRS A SR = R s [J]. AR, 2025, 4(2): 74-80.

[12] FiK, &, FHRA, % RAEESES R 5EIE 5 20 B EoHE R A K E & RIS m]. /7 &0k, 2025,
19(3): 17-23, 32.

[13] RIETE, SEWE, k5P, 2 EHEHAV- LY E RIS HE A KR AR ER S, 2024, 47(3): 451-

457.
[14] B/, Mok, B, S5 AN RV AR 5 A SR v RO B A R [0]. LA AE ) AR, 2024, 43(5):
26-31, 52.

[15] 2k, whiR%E, kI AR, A5 A MU AL 7 2R A SO A A7 B R R A [I]. e ORI R,
2023, 51(21): 157-160.

DOI: 10.12677/hjas.2026.166106 880 | R


https://doi.org/10.12677/hjas.2026.166106
https://link.cnki.net/urlid/34.1076.S.20260109.1308.002
https://doi.org/10.3389/fmicb.2025.1726681
https://doi.org/10.1186/s12870-026-08138-0
https://doi.org/10.3389/fmicb.2025.1698745

BTG 2%

[16]
[17]
(18]
[19]

[20]
[21]

[22]
(23]
[24]

[25]

[26]
[27]

[28]

[29]

[30]

[31]
[32]
[33]

[34]
[35]
[36]
[37]

[38]

[39]
[40]

[41]
[42]

[43]

Budimir, A., Svitlica, B., Ki$, D., Lovrié, A. and Saréevié, H. (2019) Effect of Nitrogen Fertilization Rate and Type of
Nitrogen Fertilizer on Agronomic and Morphological Traits of Flue-Cured Tobacco. Poljoprivreda, 25, 11-17.

Zou, C., Pearce, R.C., Grove, J.H. and Coyne, M.S. (2016) No-Tillage Culture and Nitrogen Fertilizer Management for
Burley Tobacco Production. The Journal of Agricultural Science, 155, 599-612.
https://doi.org/10.1017/s0021859616000733

TKAR . ASERAE K264 T Lt X8 1R A J AR B AN S5 43 W SO 72 [J]. BAR A LR, 2022(19): 10-13.
FeM, 288, P, S5 TEESE TN W UM S L AR B RS A2 [0]. =Rk, 2022(8): 71-74.
R T A SR AT I X R A FR R S AR R BRI [D]: [ 22608 ). BB iRl K2, 2022,

V. AN TR it Ak X Ak 4 AR R = 3P IR RO AR K 5 B SR RS [D]: [ 22 A0 3] BERH: JEREAR ML K2,
2022.

FRHLH, WIS, mME, & G IR E AR AR IIRD]. =Rk, 2022(3): 74-78.

JHZEH, e, BREE, 2 A R S SR G B RERE TV AU [0). e BUR Al i, 2021, 27(19): 38-39.
B, W, RULE, & AWEVL-THILE SIS IR SR R S5 R fsem[]. SRR, 2020(22):
16-17, 29.

MOSIR, SRR, IR, S AN A AR AR M R e R A e R[], YL R AR, 2020, 48(2): 104-
107.

. R IE AL BE R ER 20— S A KOk 577 R R [D]: [ 226018 30]. M WA MK, 2019.
MR, Meide, RN, 2 ARERETEEREKREN™E. FREMEm]. Rl HE AR, 2019, 45(5):
28-33, 36.

Tian, F., Zhang, L., Niu, L., Fan, X., Han, Y., Liu, Y., et al. (2025) Non-Targeted Metabolomics Reveals Tobacco Metabo-
lites Associated with Roasted Tobacco Quality under Organic Substitution. Agronomy, 15, Article 470.
https://doi.org/10.3390/agronomy15020470

Jiang, Y., Gu, K., Song, L., Zhang, C., Liu, J., Chu, H., et al. (2025) Fertilization and Rotation Enhance Tobacco Yield
by Regulating Soil Physicochemical and Microbial Properties. Soil and Tillage Research, 247, Article ID: 106364.
https://doi.org/10.1016/j.still.2024.106364

Jiao, Y., Chen, Q., Guo, X., Li, H., Chen, X., Men, K, et al. (2024) Effect of Potassium Fulvate on Continuous Tobacco
Cropping Soils and Crop Growth. Frontiers in Plant Science, 15, Article 1457793.
https://doi.org/10.3389/fpls.2024.1457793

TR, M, YOI, 55 SRASREAOAE AR bR AORET L[], AR AR, 2018(24): 12, 14,

i FT G, BT K AR — AR B AR I 48 38 7 52 5T 34843 AT [D]: [l 2= A0 i 3] M TR ARl K %2, 2018,
R, WL, BRA, 25 MACE R0 FE B OB SRl NC102 R ZMMR K 7= i B I s [J]. #1585,
2018(1): 4-6.

AR, 2R, BEN 5 KE—AEBARTER R X B SOR[I]. Al RF#, 2017, 45(12): 72-76.
FETUE. ME B AR s A AR R R AE[0]. iR A2k, 2017, 23(11): 69, 91.

ZEMS. RESR PR TR AN RITE B KA B X 48 R 7 2 B B PR 5 M [D]: [ 2501 sC]. Kb TRl K2, 2017.
AT, FERATARST N R R AR R TR s 7 B I IR R [D]: [ 2 1 30). 2 IhRR K,
2017.

PEE. KRS R SR AR 7 20 0 55 R 7 B R [D]: [ 22 AR S0 A TR
K2, 2017.

24y, e, XUEER, & AEBALACE AR A = 12 m[J]. RUR Sk, 2016, 22(23): 65-67.

e, REEHIEHEN HIEFRS . BRA 2R, P8 RS FREMD]: [t 40ie 0], Kb Wik
K2, 2016,

T ESA T % K AR I B A R R RO FE [D]: [ 24478 30]. Kevb: iR K%, 2016.

Liao, R., Dongchen, W., Lin, C., Liu, Z. and Mao, Z. (2026) Integrated Transcriptome and Metabolome Analysis Reveals
the Mechanisms Underlying Yield Trends and Alterations in Seed Oil Composition of Winter Qilseed Rape (Brassica
napus L.) under Paddy-Upland Rotation Systems. Journal of Agriculture and Food Research, 26, Article 1D: 102705.
https://doi.org/10.1016/j.jafr.2026.102705

Luo, C., Wang, X., Li, Y., Ding, H., Liu, T. and Dong, Y. (2024) Enhancing Soil Properties, Soil-Borne Diseases Control,
and Quality through Selecting High C/N Agricultural Waste during Reductive Soil Disinfestation for Continuous Tobacco

DOI: 10.12677/hjas.2026.166106 881 Al Bl


https://doi.org/10.12677/hjas.2026.166106
https://doi.org/10.1017/s0021859616000733
https://doi.org/10.3390/agronomy15020470
https://doi.org/10.1016/j.still.2024.106364
https://doi.org/10.3389/fpls.2024.1457793
https://doi.org/10.1016/j.jafr.2026.102705

=
H
S
4

[44]

[45]

[46]

Cropping. Crop Protection, 180, Article ID: 106657. https://doi.org/10.1016/j.cropro.2024.106657

Gui, L., Xia, L., Yang, J., et al. (2023) Effects of Different Chemical Fertilizer Reduction Techniques on Flue-Cured
Tobacco Production. Agricultural Biotechnology, 12, 48-51, 61.

Wang, Y., Liu, X., Di, H., He, X., Sun, Y., Xiang, S., et al. (2024) The Mechanism of Microbial Community Succession
and Microbial Co-Occurrence Network in Soil with Compost Application. Science of the Total Environment, 906, Article
ID: 1674009. https://doi.org/10.1016/j.scitotenv.2023.167409

Qin, F., Rao, D., Yu, H., Han, Y., Pan, G., Hu, Z., et al. (2023) Reductive Soil Disinfestation to Improve Soil Properties
in Long-Term Tobacco Cultivation. Archives of Agronomy and Soil Science, 69, 3284-3299.
https://doi.org/10.1080/03650340.2023.2225433

DOI: 10.12677/hjas.2026.166106 882 Al Bl


https://doi.org/10.12677/hjas.2026.166106
https://doi.org/10.1016/j.cropro.2024.106657
https://doi.org/10.1016/j.scitotenv.2023.167409
https://doi.org/10.1080/03650340.2023.2225433

	不同施肥模式对山东烟区丘陵砂质土烟草农艺性状影响
	摘  要
	关键词
	Effects of Different Fertilization Modes on Agronomic Traits of Tobacco Grown in Hilly Sandy Soil of Shandong Tobacco-Producing Areas
	Abstract
	Keywords
	1. 引言
	1.1. 研究背景
	1.2. 国内外研究进展
	1.3. 研究目的与意义

	2. 材料与方法
	2.1. 试验地点概况
	2.2. 试验材料
	2.3. 试验设计
	2.4. 测定指标与方法
	2.5. 数据来源

	3. 结果与分析
	3.1. 不同施肥模式对烟草茎围的影响
	3.2. 不同施肥模式对烟草叶宽的影响
	3.3. 不同施肥模式对烟草叶长的影响
	3.4. 不同施肥模式对烟草株高的影响
	3.5. 全生育期农艺性状综合对比

	4. 讨论
	4.1. 施肥模式对烟草农艺性状的调控效应
	4.2. 砂质土壤条件下施肥模式的适配性分析
	4.3. 对山东烟区生产实践的指导意义

	5. 结论
	6. 展望
	基金项目
	参考文献

