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Abstract

To investigate the effects of different application rates of controlled-release fertiliser on the growth
and development of the NC55 flue-cured tobacco variety, as well as on tobacco leaf yield and quality,
and to identify the most suitable application rate for controlled-release fertiliser with a view to reduc-
ing costs and increasing efficiency in flue-cured tobacco production, this study conducted field trials
with three treatments: T1 (20 kg/mu of controlled-release fertiliser), T2 (30 kg/mu of controlled-re-
lease fertiliser) and T3 (40 kg/mu of controlled-release fertiliser). The study systematically analysed
the effects of different application rates of controlled-release fertiliser on the growth period, agro-
nomic traits, photosynthetic characteristics, economic traits, chemical composition, nitrogen utilisa-
tion, carbon-nitrogen metabolism, senescence characteristics, sensory evaluation and appearance
quality of flue-cured tobacco. The results indicated that different application rates of controlled-re-
lease fertiliser had no significant effect on the growth period of flue-cured tobacco in the field, but did
have a significant impact on agronomic traits, economic traits and tobacco leaf quality. Treatment T2
(30 kg/mu) performed best in terms of photosynthetic characteristics, nitrogen use efficiency, en-
zyme activities related to carbon-nitrogen metabolism, antioxidant enzyme activity and economic
traits; an application rate of 30 kg/mu of controlled-release fertiliser was determined to be the most
suitable for the NC55 variety of flue-cured tobacco in the Shandong tobacco-growing region. This
study provides a scientific basis for optimising controlled-release fertiliser application strategies and
enhancing the economic benefits of flue-cured tobacco cultivation.
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1. 5|8

JH & (Nicotiana tabacum L.)&FRE EE L TFEY 2 — 1], Hr=8M 5 B R BRR LTI
FUHE TV R (2] TERGIRAE =, B Bt A IR i e AR 7= B R SR PR SRR B [ 3] (4] SR, £ 48
WABAFTEFR RO . FIFH BRI ™ B A A5 e S ), RO 20028 SRR e kA 7= B 9
R[5 FEREAEAE N — R BUA ST AU BUACR),  RESS AR VA 75 AR 5 75 7 BECE % [6], HA 7= F
R AR AL PRI TS Y AR 3, T 52 B4R b Az 72 A K B AR 45 A0k 1y v B AR 7] o

WEAESR, ARG/ BRI FE A 7= v () B FHAFF 90 H 23 8 2 (8], WEFER B, BRI AE 8 (L gk B A=
KRE . Empudith. S st 4 &, (St 5 (32 5o e, SR APIAR E iR, e
BRI 2252348 [8] [9]. T U@L 5 41 FH AR I8 A B, it P 0 B 42 R JIE v 32 s R 7= & 14.1~51.8
kg/hm?, JEE} N, P. K R 535 2.3~6.7. 1.9~3.6. 1~3.1 DA, FESMHLGIIRE 3.9~5.8 M
Iy ri[8]. HRASEMRT AR, MR A IR R R m I R R R MRS E K SOD.
POD i5 7%, [FIIFFEK MDA &, 2B P Lae DR &, B #En RN R [10]. R, %
FERE bt A AR iy, HEA RS REFR RIS, S & M 20 iR 4 TR 2 A R 0 75 I 2

DOI: 10.12677/hjas.2026.1611195 1642 ol


https://doi.org/10.12677/hjas.2026.1611195
http://creativecommons.org/licenses/by/4.0/

g 55

(117, FRIMRA 52 18 B A P20R8 M A FH S0 TR R 1 A R A 7 ok

PR NEAE RS RS b B % IR FUH R . AR SR SO0, (HEIE R IF A i, e
ARZIEBIARTF D AR Z, B X 55 KRR MRRTTH BT R, B 2 &
SaFERTE . HATES IR IX NCSS s AR R LG B A Rt — U W, Tk, AR E
B LA PEAL it FH BT e KBRS, 0T AN R REAE KT N AR B bR . RERIL, Je BB FEFIH
BREARYS . LR SO BRI AR, TG IZ X NCS5 6 A& e R I &, LA
Mo SRR NLRL AT AR U AR SR IR S R &%

2. RIS
2.1. KIgHRL

WS A AT RS, IR AL E B e RO (R, SR
R, BRI T Bife L BB IRALRL, (s S Sh F Oy NC55.

2.2. AT

KA KX Ryudt, R E 3 MeHE, A T1 AERAE 20 kg/ii, ACFE T2 NFEREAE 30 ke/hi,
Wb T3 NFEREAE 40 kg/Bi, NGO 2 B B RAEEAR A, HANERGEH . AR HLS i e 4
—H IR ARG TRRRERIEAT, SR SRR S — B R B i E R — B N S

2.3. MEMBRF*

2.3.1. £ BHRSKRICFE
KR EMAXES, $2 WS E R SR a O R R . BRI, B, oo e sugi . e
RS L THUH R 2 B AR s ]

23.2. KHEBHAE

P BB MR A B R A b e, VEAIIC BB R AR AT R BRI, IR, B DL R
A S AE B T A RO, TE SR AR A AR TR A KRB, DA S 443 AT
AR R B .

2.3.3. EHFEMR
PR LR, PRI 0 SRR . M M. WL AR, MROREE R, L
STV AR AE KR BRI A S5 8. MR,

2.3.4. REMER
P CHRBCR ZHERIEENE ) (YO/T 142-2010), MBS, /X R 6 Mok
BHME W B AR R R R A R K

2.3.5. XA

FEMR RS, TG B 9:00 R0t/ NX EERE I MERRBELIZEL 6 FRIEATIIE, FI SPAD-502
5 -2 5E T BB N T 2_E 5 10 A7) H2E = AR & 8. RIS Li-6400 Y6 0GEEU F
I EE 24 3 MERKIEIAL B E A SEL BRREAER. SILFE. MlE COy IREERZERE R ..

2.3.6. &R
SR 220k H FUBL L R S, R AR UHE GB 2635-1992 S EMREAT 40 2%, Siitit 5 &b brhss
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2.3.7. HFERS

KW EEH G, ZHMMEATIFRE YC/T 159-2019. YC/T 468-2013 YC/T 162-2011, EUE J5 Fh #5H-(C3F)
FES 1.5 kg, BN SSCIMUE P ERIA R E, RRSI TGN e S IE . B, . &5T
FIPRE T & &
2.38. MEFH

FEMRI B PR AR I R R, RRAb3E 6 Mk, FZBUBBURKE, R/Kh BT 1% 5 1A oK 480+
IKGy, KRR . ZERIH 2T OE, KHNG ERRAE . TS R ZEFIRR S B AR RN U R SR
0.5 mm )5, AERHRENGH A MIE 2, IR RRR R E. BBERE B IR H R

2.3.9. BN B
FEACPRAE LA WL 6 Rl rh M R, RGE R HE IR T S L R 2R R R A =) i B
SE IR EAR A R TR IC SR BE(NR) . P EEALEE(ND) . o JERIEG B VEREE. SUER B TE R & & .

2.3.10. TEE4HEFM

AP E WL 6 F e B, WEGEE 5 2 & A R RS R TR A 7)1 B
TE R R A G : A EALER(SOD). i HAYIEF(POD). i EALEBH(CAT)IE M A A % (MDA)
M H,0. & &

2.3.11. BREFREIFRE

R R PRI E L AR PR AR Y C/T 430-2015, o M H- 57 £ XU AR € L SR AR AAE BE A7 SR
PRI ONER, FAB . FRE A B, Rk, RBerE. KES. REANCHIEL B2F F1 C3F 1%
JE A% 2 kg FEMNREE R . HIEIRIPHN RS 18 GB 2635-1992 % 1053 2 v BRI R 5 OB (. ol ok
FE. TSR B gy (ST AN LR BT

2.3.12. HERE
FEMREESEIG T, 50T HHIA) 5 L9 T ) SR8 7 VA RE PR ARC o T A2 . IR, R A 1) S B v
fitio G E WK E IR, R ABURCIIRE RGO, e S0 E Bt e e S R .

3. BRE S
3.1. £ EHSRIEFE

Table 1. Meteorological data for the growth period
=1L EBEHSREEE

3H 4 H 5H 6 H 7H 8 H 9H
WA I [

2024/F4E 2024/HE 2024/ 2024/F A 2024/F A 2024/HHE 2024/ 4

S| 4/4.7 152/11.8  18.1/183  25.1/22.7  24.6/25.5  28.8/263  25.4/242

spyysE A 10.1/7.3 17.6/141  232/19.5  26.8/25.7 26/25.3 28.3/253 24.5/21
() ) 12.7/9.2 17.6/162  22.4/21.7 26/26.7 28.8/24 27.6/24 20.6/19.3

I 9/7.2 16.8/14 21.3/19.9 26/23.7 26.6/26 28.2/25.1 23.5/21

ks LA 3.5/5.5 0/8.6 9.3/23.5 0/13.3 197.7/50.4 74/74 4.9/26.9
(mm) KT 0/5.4 5.2/11.1 2.1/24.2 36.8/26.2  110.5/73.9  15.8/78.5 16.7/23.7
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A 5.2/6.2 2.6/13.6 22.6/16 222/503  249.7/69.7  36.1/48.7 1.3/11.9
H %7K 58 (mm) 8.7/17.1 7.8/33.3 34/63.6 59/89.8 557.9/193.9 125.9/201.2  22.9/62.5

HIE 1 AR, 2024 FAGHBEFEAAR. £ FHURITH, 54 3 H~9 ABEHFEE.
BER RS, SHEBMRE TN BRED ALY BRIEE 6 A, MWEZFRTHERT, HWHIEE
TRAL T BB A RS, SR R K 2 ks 7 H 4 HJEROKERZE & THAE, BUHE B0 AR Kot
NS, FOKEMZ, HRNSEESEDY, SBSFEN R EEE. DRSO, & 7 34550,
MAF N H RN AL EEZ .

32. KHEBHFEE

B F KA FYICERWE 2 s, &2 VAR, SAaHE A FZENRK, T3 AT
K, T1 A S YR,

Table 2. Records of the growth stages in the field
2. KEEEHIZH

phgp  ERPHEM O EN O BAM BUEA S eode A T KH
(H/A) (H/HA)  (H/A) (H/HA)  (H/A) FFBEREA) BeSiE/ ) s Em) EEEA)

TI 282 8/3 25/4 30/4 26/6 3/7 6/7 6/9 128

T2 2802 973 26/4 30/4 27/6 4/7 9/7 79 129

T3 2802 8/3 26/4 30/4 26/6 6/7 9/7 10/9 132

3.3. EYEMR

RIS I AL BEAE ) R S e 3 Fis o AR BE T1 RBERAT 30 RAEKAF T HRLH, FHKH
—%, BRIy, HRMERTEEZR.

Table 3. Record of botanical characteristics

= 3. EFRIEHE R

Efk 1] il R
bIE Py Z -, ;
i ‘* R T WA ¥R B B30 KBRS0 X
Tl 312 eI 4R i piSS SRR om iR
T2 312 i aIA 2R i piS S SRR i i
T3 T iigiA %3 i& LS R 5% iR
34, REMR

B9 4 T, ACERI AR LA BANE, IR ZHRRINE E 5. ke m, A3 T3 bksish
130.7 cm, =AMGEEMRERIAY T3>T2>T1; MEOTIH, AT 20~21 200, ZEEABE; 5
FERION T1>T3>T2; ZE[ET71H, AF T3 ZEEHK, N 11.0cm; TFHEEMITIH, HHER/N N T2>T1>
T3; I, R KA T3, RN 61.1em, FRM %N 34.2cm;  EFEEHFJ5 10, M
MFK/ANA T2 > T1 > T3, 476KE, T3 ALBEZHUR ZVERIE s R, Ui EGE HE B
T TR E K.
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Table 4. Survey of agronomic traits

Fa. RZMEKPE

N T » T R LR
WE BRE(em) M0 WHE(em) Z2FEl(cm) —
M (em) M%E(em) HH(em) HHE(em) M (em) % (cm)
T1 114.5 21 6.2 9.5 39.7 21.1 56.5 25.6 449 21.1
T2 127.2 20 5.6 10.8 49.9 26.4 58.1 25.9 51.3 21.6
T3 130.7 21 6.1 11.0 51.6 26.1 61.1 342 63.0 25.1

3.5. EEM

HH2e 5 A, SRR LI FH B0 8 i R o SR A R R . 1O A AR (Pn) DL T2 AbBR
91249 pmol'm 27!, R T1 $&/ 1 10.8%; Z&MEIHEZA(Tr)BA T2 H& i, N 4.66 mmol'm 2s!, # T1 #&
T 14.2%; AL (Gs) ML FE L T2 4B, 737179 0.41 molrm 257! #1299.77 pmol-mol ™, &
ERT TIM T3, FIRGEREKH, T2 AF30 kg/m)FERALIEFH & 5cA F TR s S EHE S, AT
YA BN BT B T R R

Table 5. Survey of photosynthetic characteristics

FTs5 LEHMIRE

Qb Pn (umol/m?/s) Tr (mmol/m?/s) Gs (mol/m?/s) COzint (umol/mol)
Tl 11.27 4.08 0.33 274.26
T2 12.49 4.66 0.41 299.77
T3 12.09 4.29 0.36 287.65

3.6. &R

B% 6 AT, ARG o R A Gr R B, R L T3 ARy 154.4kg/mi, H
N T2, T1 AR HINT5TH, T2 s, W& T T T3. w7 AR T2 A8 E, % T1 A T3 4
AIPER T 9.98% 4.41%. EEEMHLLGICL T2 b3S, N 73.4%, T1 HfiK. SACBRE) S EEI 4
100%, FUFEBACAE N (BRI S 4RI R iF. 256 KE, T2 MHEEMM . mrEMm EE e 7
TR IR, W] 30 ke/ Ry A REALHE FH B RS B ar b b= 5 R MR R, SEILA B ke i KAk

Table 6. Statistical summary of key economic traits

Fo. TEZFMRG TR

Ab B (kg/H) ¥ Ot/kg) B E (G H) (%) AR (%)
T1 148.3 30.33 4496.42 70.3 100
T2 153.2 3227 4945.05 73.4 100
T3 154.4 30.68 4736.38 715 100
3.7. WERS

HHZe 7 nl5n, fErpiBeteh, AP T2 MBS BT T1, HEEEEEEST T1 M T3, S =
A=A R, BE T2 FfEE, N 2.70%. SRS EE T3 Fim, N 1.92%, M T1 Rk, A~
1.74%. SAEEBE NI ZRAKR, EESEA T2 FIEE, N 2.01%. HHELARED L E =4

DOI: 10.12677/hjas.2026.1611195 1646 b k=


https://doi.org/10.12677/hjas.2026.1611195

g 55

ARBEFARIE, fH T2 RIBEBR LIS AR, R Py .

Table 7. Chemical composition survey of mid-section leaves

= 7. WERDPEIITEE
GO TR  EHE(%) JHBB(Yo) HE(%) (%) (%) Pt L PR L

T1 24.52 31.87 2.54 1.74 0.45 1.93 0.77 9.67

T2 25.81 30.94 2.70 1.80 0.41 2.01 0.83 9.56

T3 25.13 30.05 2.73 1.92 0.43 1.97 0.84 9.20
3.8. mEFIA

1 8 Wl R A H 7T, A0EE T2 AR R B fmr, N 86.54 kg/hm?, 1fif T1 &K, ¥ 70.67 kg/hm?.
SR ATE = /M FR PRI, (BRI AR TE T2 iR, o 33.83%, W] T2 MRS s
o FAEA AR HIZ AL T2 i, N 5.57%, S Hoo EUIE I BB BE UK
Table 8. Survey on nitrogen utilisation

=8 AEFRAE
WP B REGKehm?)  FWRTIREE(%)  FEMARR%)  BIELFFIAER%) BB (%)

T1 70.67 67.59 24.28 1.40 3237
T2 86.54 67.53 33.83 5.57 26.57
T3 103.09 65.26 39.16 1.95 17.44

3.9. BRERH

FHE O ml g, BREARE 7T, ACFE T2 09 NR G o VERBEEVE. B Ve K B IS PR AN S e K B 1 35
E T b EE, FROPIHEREACH E N TEER . NI IS HEAE T2 P, #E— e 7 HACENS Sl i35 .
RERE S A = AN FE AR, HAE T2 HHIE S, N 98.92 umol-g s

Table 9. Survey of carbon and nitrogen metabolism

9. BRERKBHIAE

g CEBWEE JEBWHE SRBR e SRS
T1 0.41c 2.42¢ 9.20c 11.48¢c 46.11c 97.31c¢
T2 0.44a 2.94a 9.83a 12.93a 50.87a 98.92a
T3 0.40b 2.58b 9.41b 11.67b 48.28b 97.82b

Ve FBIARRE /NG FRER R AL TR 2 5 5. 2% (P < 0.05, Duncan # MW E15): MAHEEE 6 MK 3 — 500w dUmkk,
SFAE PRI RE I A A I E
3.10. TE45M

e 10 /0, EFEZEREJIm, AP T2 9 POD iEYEA SOD vE M5 T Hifl AL 3, 73718 303.45
U-g ''min! M1 279.02 U-g 'FW, £ HHUAALRE 7008 . CAT iF PEBAE T2 i, 4 22629 Ug 'min ',
MDA &8 1E T2 Ak, AN 65.29 mmol-g !, o H i AR E B . HOr B 8 AE =N EE R AR,
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B T2 BEfK, A 4859.29 mmol-g'.

Table 10. Survey of tobacco leaf senescence characteristics

F10. BERZYMIEE

e POD i SOD itk CAT it MDA & H00 &
/(U g™"min") /(U-g'FW) /(U g™ "min") /(mmol-g™") /(mmol-g™")
T1 284.22b 250.56¢ 214.27b 77.62b 4970.01a
T2 303.45a 279.02a 226.29a 65.29¢ 4859.29¢
T3 298.31c 267.53b 207.98¢c 80.31a 4901.03b

#: FAIAR/NEG F RN 2 7 22 (P < 0.05, Duncan # M ZEE); HAFIEI 6 #RKH—SU0H HEK,

REE P IR A A2 R NE -

3.11. XEIEW

HIZE 1L RIR, VPRI, ACE T2 2 AE U LR, WTEE. K&, BillE., &
oy B RS E S, RS RERY . WEMESLPP £ =B AT, (H T2 B,

7R HA B -

Table 11. Sensory evaluation survey
F11. RETRIAE

Bz

WP A TEA ORE BME AT ST T MEERHE RE RRE RE HAER WRE Ik

T1 6.1 34 28 24
C3F T2 61 35 28 27
T3 61 31 28 25
T1 6.1 32 25 27
B2F T2 6.1 34 28 27

3 6.1 33 27 25

2.7
3.0
2.8
3.2
3.3
3.1

26 12
29 12
2.5 1.2
24 15
24 1.6
22 15

29
2.7
29
33
3.4
3.1

2.2
2.5
23
2.6
2.7
23

1.9
23
2.3
1.9
2.2
2.0

0.6
1.4
1.3
1.5
1.7
1.4

0.0
0.0
0.0
0.0
0.0
0.0

0.0 6.5 6.2
0.0 6.5 6.5
0.0 6.6 63
0.0 69 6.6
0.0 6.6 69
0.0 6.5 6.7

3.12. M RE

M7 12 W0, AMUSTRTTIN, ACEE T2 BB N th, RAAELF, M )74h

WL, S haE,

T2y

A, i, HHASRERE. 5 T1 A T3 A, T2 AN ETE AT, JUHRAEB R B T T .

Table 12. Survey on appearance quality
= 12. SN UREIFE

WA b3 B, B T =gy Wy 2N T ZH 21
Tl KBt D% B A g A By TR A

C3F T2 K J Bifa— g ) H T RE A
T3 S B~ BifA— g H- - L35k it
Tl 3 B A~ LIRS g - - BURLRE

B2F T2 S J M B THE ) i L35k it
T3 S L~ Bifa— THE H i L))
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3.13. HEERKE

BB WA AR ARG RN 13, AFREHEEAE 2R . SABYTCE @AM . 3RAE
W ARV RO K . R Y RER T, T1 BRI 1%, IRERFESM, T1 KK
B RTERECN 0, HAMERRERSIYO8 0.1, BWIERIFUR®R)PRME; JARERITH, =B ECR
WA T1>T2> T3

Table 13. Survey of disease severity indices in the field

= 13. HEFREREERAE

Jesm T AL B RAE -5 DHE Y RN i ES SR TR IR
RIFE (%) TTEAREL KE(%) TRTHTRE R (%) MTHTREL KR (%) MTHTREL B (%) lEH
Tl 0 0 0 0 1 0.1 0 0.0 6 0.9
T2 0 0 0 0 0 0 1 0.1 1 0.3
T3 0 0 0 0 0 0 1 0.1 1 0.1

Ve RARPUR M SPANAR A BL R B R S AR dE GB/T 23224-2008 FUEREAT, IRIEEZHR A8 A /INEE SR T
PR o B PURME T ARAE LD T . mPiE R RIETRECH 05 PURR): HIETEECN 0.1~20.0; FHI(MR):
FEEHN 20.1~40.0; HUEMS): 5 TETEHUN 40.1~60.0; JE(S): T 15 T8 BN 60.1~80.0; /B (HS): 75 15T BN 80.1~100.0.

4. +1ig

PEREREAE N —Fh %43 BI85 AR W SR T IE PR L Bk, 7 J MR AR 7= F (R B FE TS I 12] 0 ASAFF 9T
CERR, &R IR B SR R SR AR BER R R R, XS
ARG IR AT ABFFERY, bR L FEAR I T IERRI AR, S T = S AN A
S, BRAR T IHBRE R, Peim TR AR A R S (8] [9] [13]. R RRAMR) RS AR AR K
KA, SEmmnt e g, (s E W e o, ST AR E R R [ 14]. PRI TR B,
BHZZ PR — RO R B 3G n, Sk 2R AR A A KA SRR SRR T, AR A
M EERE LB, Sl R NEES, S5 IR KT R R ERA15].

AT L RIS, 30 kg/ T i RO A S AR Y AR e . IREARI . 2 2 M B R R R STy
R AR AR S, T2 AFRF 6 EHZ(12.49 pmol-m 2-s ) FIZEI5TH #(4.66 mmol-m2-s71)
B m T HARARE, X 5T SO0 TR IR S s & 68 U A 45 R — 8. AR, T2
AbFR (¥ NR JETE NS PR B E fe s, 38 WG Hh 4% R O B B A R A B B AR TP 1, 3
55 T b S RV RE 9 45 A ELEDAIE . 3% 2R DT T, T2 AbEEEE E 48R T SOD. POD. CAT &, Bk T MDA
e, XGRS A T e e i U R T BRI S A WA

EAERNE, B T3 AFLA0 kg/B)ER ZMHRFER RE T TRIEL, HILEIER SR AR
(1.95%) 2T T2 4bFR(5.57%), HIM . EEEMHELEI AR P A Je T2 Ab3, X —45 BB, F5RE
it FH B AR R o AR B0 2 R EURARET B R AR KT, I O LR, IR,
TR I S 1 R P 7E SR B B AP 16] [17]. JEHRTE B B R 2 1 4E 0, 1 S Al £ S SO S K 2 id &
MR R, PR AR 18] [19]. £5EKE, 30 kg/m i REALRE A 7E CR Rl AK & FR 25 (1 R BN
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