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Effects of Different Nitrogen-Phosphorus Ratio Fertilization on Growth and Carbon Metabolism

of Flue-Cured Tobacco

WANG Zichen'?, LIU Ting', YANG Chenkai', YAN Yuchen', CHEN Xiaye'*, ZHAO Tingyi', YANG Kun?, WANG Can”",
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National Tobacco Corporation Hunan Branch, Changsha 410004, China; 3 College of Ecology and Environment, Nanjing
Forestry University, Nanjing 210037, China)

Abstract: To explore an efficient nutrient co-application fertilization mode promoting the accumulation of sweetness-related
substances in tobacco leaves, a field experiment was conducted under two nitrogen (N) application levels (conventional N and
increased N application) with three N-to-P ratios (1:0.7, 1:1, and 1:1.3), and the effects of different N-P ratios on tobacco
growth, photosynthesis, and the activities of key enzymes involved in sugar synthesis within carbon metabolism were studied.
The results showed that under the same N-P ratio, increased N application promoted plant height and stem girth at the rosette
stage. At the vigorous stage, it conferred no significant gain in most agronomic traits or photosynthetic indicators, except for a
significant increase in leaf width. Nevertheless, under the same N level, increasing P application significantly enhanced the
length and width of the largest leaf, as well as the intercellular CO, concentration, photosynthetic rate, and stomatal
conductance of the tobacco leaves. Under conventional N application, increased P application elevated the activity of sucrose
phosphate synthase in the leaves but had no effect on the activity of ADP-glucose pyrophosphorylase (AGPase), a key
rate-limiting enzyme in starch synthesis. Increased N application inhibited sucrose accumulation, while reducing the N:P ratio

by adding P alleviated this negative effect and promoted total sugar accumulation. In conclusion, in the tobacco-rice rotation
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system of southern Hunan, appropriately increasing P application to reduce the N:P ratio while controlling nitrogen input can

improve agronomic traits, enhance photosynthetic capacity and carbon metabolism activity, and thereby improving tobacco

leaf quality.

Key words: Flue-cured tobacco; Nitrogen-to-phosphorus ratio; Fertilization model; Leaf sugar; Carbon metabolism
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Table 1 Experimental design for regulating tobacco leaf growth and
carbon metabolism with different nitrogen-phosphorus ratios

Qb it AU Jiti B3t et AL I
(kg/hm?) (kg/hm?) (N : P,05)
LP1 169.5 117.5 1:07
LP2 169.5 169.5 1:1
LP3 169.5 219.5 1:13
HP1 184.5 129.5 1:0.7
HP2 184.5 184.5 1:1
HP3 184.5 240.0 1:1.3

IR R AL A5, AR e 3 AR,
18 MRK/NX . F/NX A 50 m*(2.5 mx20 m),
TR/NX AL 80~90 FRAHET, B2 16 500 #/hm’,
1.3 HE#EEREE

FEARHE R A <1017 MEARE. AR 2,
ZEPE 50 cm, TERFATKESEEAL SR 30% (46 & [

http://soils.issas.ac.cn



804 +

e %58 %

BRAL | L FIFEAL | 1 IR ES) 5 B R B S B Y 20% I
HHL), HRIEFREIMRAED “07 ML), BT 2 E
KXW BARJE, TRWREWZEN IR 15 cmx
15 cm AYHEAESHT , iEAFIAY 70% AL (FLFE & BEDRAE |
LN . RS TE N A IE RS R 70% DL SR
FRHR B 50% IRAFEANY. B M K XA
10 d, 43 2 RSk Gefitn & AR I ZE bk R H 29 20 d
BF, oK BEn L AE & B R AT 30% BRERER7E N
AR 1735 fEMIRR A T2 35 d iF, Ffi A
S 2/3, eAh,  FH RV B TAK A Y M AR R
AR, B HEK DR RS T3 Bl <Pk, e el 15
AR SR ED A= 7 A AR 5
1.4 MEERKRTE
141 RZMERSEESE TG ATERID] (A
W K I , AR/ X BEDLE R 3 BRACER AR
DE kR . g, 250 SRR G S5 200
Ko BEFOEIAIFER(ESF 9: 00—11: 00)AIR,
{1 L1-6800 YA 10 5 [ #BES 4~5 K56 4 e FF it 11y
HOLA A (Pn) , LlE] CO, MR EE (CHAITAL T (Gs).
1.4.2 MM BESEY) BT B AH DG BETE 7E T A A
WTEAS /NIXBEPLIER 5 PRACERME bR, R B
4~5 ot et STEVE T kE T, RiRsi 2
SEIGEE AT FEARIAE o SR FH A 3K A R 0 2 S
Ty, R be R VA A, R T L R
FERERE S o [Rl, fE IR MRS A I HOR A IR W)
PRALAY TG, W 505G BORE G A IR T R 2
Wi A B R {L i (ADP-glucose pyrophosphorylase, AGP)
FHREAE B2 & B (Sucrose phosphate synthase, SPS)
T
1.5 #HiEeE

K H Excel 2016 XS E #1783, IFFIH
Origin BAFHATHIT /34T o 21 0] 25 5 LR LR 3R
752453 H1(One-way ANOVA), #Ji5 2 5 L HCR R/
1P 2 22805 (Least significant difference, LSD), 3
PRl P<0.05,

2 HRESH

2.0 REGBEER b AR AR E MR R0
HPRFEAR [ RUBEIE L MR B2 % 5 2Pk
ARSI A b e S PR 2 B
7R (N © P20s=1 * DIGIBAPE T, BT
HUE AL EL(LP2), Bt U AL B (HP2) i 54 T+ T 1A
BRI A B R 5 FIZE L (P<0.05), B4R 43 5135 28.7%
1 13.8%(E 1A). FIEKIIHE— B A 5ot b

R A AR SE, S5 RLE B, AT LP2,
HP2 JfA i B3 A B0 e K (& 1B
1C), {HEEH R T3, HIER 7.9%(P<0.05).

T HHURT 3G B At EUKSE T, TR IE
AR R T b (R4 it S L AR AR Rl H ) 2 R 8 3
S MR R 5 S ZE (B 1A) . TERERIEAKE T,
5 HP1 AL, HP2 W& m 7 RER I AR A 7 4%
i, EE— LR IC (HP3) T, 280N AR5 B K
F-(E 1B), B A 2 KT R/ IN(P<0.05,
1C), BIATWF , fEH M ZE/K TN, 5T LPL,
LP2 WF 4R 1 (P<0.05), LP3 R fte 1o
(P<0.05), HEIE/503K 11.9% F1 9.6%; 1M 1EHE i %
JEAKFT, MET HPL, HP2 SR T H K/
(P<0.05), M A S8 A G187 5155 6.3% 1 14.3%.
2.2 AEEBEED L iE B X % 1 S & I A R

SRR GEAN R B TE L it A A X 8 R ' 5 ek
PISZIm , T REA I E M 7 G & s #8(Pn) . ML [E]
COL VR JE (CIY IR AL R (Gs) T B Fabn . 45 R A,
AR AV AR LA T, S AUIEXT Pn AT Ci
BT W E (1 2A. 2B); (HAIRAEBEIC LL 4%
T, MHETHEMGE, WHEEICAE Gs WERFK
(K 2C),

FEH AU EK T, AT LP1, LP2 Al LP3
AR T Y Pn(P<0.05, & 2A), M
BRIk 27.7% F 20.6%; A, LP3 BERE T
S | R Gs(P<0.05), 3RS 10.3%(E 20). M1
HiE ALK R, AHAS T HPL, HP3 W T T 0
M A Y Ci(P<0.05), 35K 3.5%(1% 2B).

2.3 A[EIEBEEC bk M BE X R - A A T B 1AV 22 M

SRR GEAN R U P B it AEASE X R I sk £ 35 1)
SN, T S N S 95 R - e 7 R e e £ A
K P Tl 0% P R O T D 2 0 A 1 1R L BB (AGP) R
TEVERERR A& AU (SPS)TEPE . 25 A B, fERABEL
(N POs=1 > 0.7)iEAES1E T, 1t R (HP 1) . 2% 1%
RN AGP %4 (P<0.05); SR, 76 & B
(N : P,Os=1 : DAMRABEL LN © P,Os=1 1 1.3)% A%
T, HEERHP2 . HP3)H K B & dUE Mt AGP &
PEE 3A), 2B V8 R A FH 2 (R i ol A L 11
W Lb)— & FREE 1 AT LAGZ A i AU X K i AGP 1
T2 B B TET O

R E/K T T, M8 T LP1, LP3 & T}
T MR SPS G M, B IR EE A 213.4%(P<0.05, 81 3B).
T 7E 38 it ZUAEZKSF T, HP2 Al HP3 Ab PR JH 1Y AGP
TG A SPS TG PR AR 1 2 25 7 (K] 3A. 3B),

http://soils.issas.ac.cn



55 4 31 EF A AR ERC LU AL X5 A0 A R B A B 2 805

[ Jwe %M
a

(A)
be abc gIb_c 15
30 & ¢ o] 2
=7 abg 1
be] . 1 _I_
i
E 20
2
g
x®
10 H
0 LP1 LP2 LP3 HPlI HP2 HP3 ’ LPl LP2 LP3 HP1I HP2 HP3
AbFR phsLil

© X 4 abe{80 AR K
i d  bed a V%t
) % bjg ab% JQ ;Lﬁ abgg- 70 A

0 N A A $ 7 1eo
1A 7 -
g -508/
=820 40 2
= 15H by,
z -30&
'3

10 H H20

51 H 10

0 0

LP1 LP2 LP3 HPlI HP2 HP3
Ab¥R
(E NG FREAN R R [F]—Fa A [R] A B ) 25 55 b 35 (P<0.05), R IEI[RD)
Bl 1 TRIEEEC LbAE AL XT ke K R Z AR B 320

Fig. 1 Effects of different nitrogen-phosphorus ratio fertilization on agronomic traits of flue-cured tobacco
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Fig. 4 Effects of different nitrogen-phosphorus ratio fertilization on sugar contents in flue-cured tobacco leaves at the maturation stage
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WE KR [l )= 77 P1H
TERY Jiti K- y=12.66x+281.53 0.459
AL I y=178.40x+277.79 0.371
T Jiti K y=1.76x+23.05 0.008"
AW L y=-3.49x+4.37 0.035"
JpE it K y=-50.10x+779.93 0.087
E-R7H A y=157.27x+332.51 0.018"
e o 2 IEERIE P<0.05 A P<0.01 37K
3 g

REMENED LK LB WL EFROR, TR
R K R BOE A b & SR R, AR
FER I, e RN B A a2 0 AR 0 A R b v 15
28.7%, ZEEHENN 13.8%), 1 0 A HERL R
(HP2 % LP2 EHHFEAL 34.3%, BEMIFEMR 68.2%). %
— G R B R A S « S B B R A
WILER, BB Ay RS (A A
A FT RS R AR TA , A (65 7= ) MR & i
I 25 A P22 [ 05 Mt — 2 R T it UK
X TR P AT 3 RN (P<0.01), AR BRI #E
T EA BT T A R A il T T AR R R
I o I3 R S e B AR S TH R TR B,
SHOEREA TR =, TR R A
X —IGEIE T 2 e AU B TR Bk, 6
B ks B K A5 W6 e ) & BAL GG R, 1
B B AZ

KTt NEAT O i 1 e R B TET S8 o T 2R A

YA REE SR TE, S 5B .
A KW s i A 2 PR B R SHEI AR K &
H 5T B e E 20 ORI R, 1 i
WA DA R I UM LA R TR R AR KR &, BB
MR ORI RN SE AR, X5 B I T
M FE 45 5 — 30, TR MU ZUKSF T, LP3 AbHEE KK
HH Pn #2755 20.6%(8 2A). iX—4& 7+ E 5 N T8
ERE RS T AR SR TEA Yy, RES L
PR LA i fbid i, JEMiGsR ATP MG K
fE 3R R SCHBERH RuBP (P-4 BE 1128300 (E450
B, A AL 1007 HER
1: 1.3, #r SPS iE ST} 213.4%(%] 3B), SPS /&
T B ERE A A AR v I SRR , 16 PR RERE L
il EEAEMPY, BT R IR B R R A AR S
REMEIR B OLIA, iUt UDPG-H iR 1k il I 1o fin
TR A, IRl BRI E I SPS IR
SPAE A H R A AR PP sk s bR A FH B 4 LP3
FRORERE S B 329.9%, FEWIRE 2 MR aR AL A
MBI B BT A2 ) 2 AR Rk 1R

U TR RER R A Ve R (AN . R
FEPIRRAR I 0 (AT B AN S A B 5 1 5 i LA
TG, 18 AR W (U A A A Y
FEH B ZK T, 18 24398 Bl AE AT 408 3 18 i
WS, X5 EFREPINM R R -5, Hp,
TEH M AR, LP2 Ab 3 ik 2 A 204 (i (MR
291.0 mg/g, [l 4A), H[ESFERELAY HP2 Ab3E T~ &
BEREZE 191.2 mg/g(FIR 34.3%, K 4A), X &M &E
R A S F TR A ITA | (2 el e i 27 ) B B R
ARG AERERL SR 1O A B A R T8 2 KT U
(HP2 % HP1 W5 & A4 TE 92.2%) . Lk [mlJA 73 Hr itk
— R R T Tl KT X AR B 3 SN, I
TR TAC, B R 28 B0 1S b 2 ER R, % A TG R0 L 9 (2 A
RN T A B U R R EY a3k m] I R g
FUE T BT TOR BMHE S, 11 SPST %P7,
777 76 2 BRI DU 2 38458 SnRKC T S-S P30 20 4100
1o IR BEX R O OGR4 54 S, T2 AU
SAE A QI S P A Sh A AU

Shy (8 e R Xt A S s LA o e, e Rl -
A BT 25 AR AR X T 5 S R AR
P, 9 2 2 PR R e me A ROl (S5 R 7, iU
FUie i TR A b 2 1 1 1.3, DU T
T HEREE, RERR A S R R . X R
A T P S S R A% R B, ISR BB P Rl A SR
W B A R 7E 5 KT, K AU LR S

http://soils.issas.ac.cn



808 +

i

58 %

1007 RAEZE 101, BOEARWFITUESL A F] T 1
S R AREC LY o TG 496 R O v ) B, AR
O IO B i) A 4 o RO T, DA ke S i R R
TR RN, BRI 4R 101, Bk
R AR LI A £ 3 B S AR . Bk sy
AR T A TSI i A DX R 50 B IR Ak e
AR TR A

AT FE I BBAR I T 23 BL A A R G fd BT T R B A
Ll it AR ABE 2% g A0 e A3 ) DRI 45800, 7 T Tl 25
1T PN IR A e [ A 5 B il 0% 2 S0 A A R ) A B
BLH L At o ) A SR T AR . S RTE
FAFEAE LN JRFR » O 438 b Ul B8 i e i 5
DO 24 ] i A R T 1 1) AL, o R AR B P T
VEJZ 045 B BIE ; @ AP N W 32 92 800z (1 i S
5 B 45 5 DR M B A, 7 - 3l U 2 AUy DX T
F A 36 P2, AR B4 3 A TR BROR B 5 R A
2FBRREAR, SO A AL TER Z MR A R
WSR2 SR i A Qi SC
S AR AR T T P oA A SRR B B S Atk I
PEALR T8 S

4 Z5ig

AR5 38 1o 72 G0 AT AN [ U C BT B o) 65 4R
AR B RBRARI 2], 3R it 0N 1 AL R A0 40
MROIEAS R, (Ha it 2T i A P, S 80k
BIHER R 220 B R E R T A Rk IR AL
ROWAE SPS TEME . T SRR REWE IR AR A T 2 i
AN, AH R EARAETE B« 765 Fita Z K
T, 101 FUBEED H v SEURE AN SR, (E i &
o [7) S5 P LA B 5 S BRI, 22 IR A Mk R A I
FHERAM I B SO0 o Ze kIl A i — 2P Ak T R
IRV 55 R SR AR S 3 A G, T AU LU RIRE S =2
S EOAG, BT FRE, 7o R e X
PR R A0 o] S PRI AT | 18 M R AR . R
MR T, BEBEEN 1207 fifbZE 11 vk
KALWERL R s (EA T EUIE, 5 [R5 30 o R e
FEAK, DAL 39S SPS RIS M S2 it e Al . At
O IE ML AR SR PR A T B AR S B AR R AR

SEZ

[11 2L, I, FeE 0 CAaE BT 7 RS X))
fEHTI]. HEEF AR, 2019, 25(4): 1-9.

[2] Fors S. Sensory properties of volatile Maillard reaction
products and related compounds: A literature review[M]/
The maillard reaction in foods and nutrition. Washington,

(3]

(4]

(3]

(6]

(7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

DC: American Chemical Society, 1983: 185-286.

JARRA . JB I FE I = TR A S 5 S HOE
HLEE[D]. JC8: VLRI K2, 2014: 6-7.

RS, sk, SRIOE, & R FEREA LR XA
e B AN R AR PR A SRR (G2 (], 1, 2022,
54(4): 740-749.

BB, 2 Ao P BEIA T R GRS Rk B AR AR ).
KEHEEE, 2024, 43(5): 624-631.

2N, RREL, 2RI, . SRR KT XN BT
L 38 58 B PR S D], 2 RAEY R, 2023, 43(1):
91-101.

Muhammad I I, Abdullah S N A, Saud H M, et al. The
dynamic responses of oil palm leaf and root metabolome to
phosphorus deficiency[J]. Metabolites, 2021, 11(4): 217.
HRE, R BRI 3 JEOCHREE M BT oY kR (].
RATRAA R (A BHR)A 45, 2007, 4(1): 74-78.
LR, FAIF, BEE, F./NE RS AR
TR AR AR W R AL R BT Y D). TEW AR,
2008(6): 11-15.

Sun M, Han H M, Feng W N, et al. Low phosphorus stress
decreases cotton fiber strength by inhibiting carbohydrate
metabolism[J]. Journal of Plant Growth Regulation, 2025,
44(7): 3865-3883.

B R, B, WURIR, G5 A HLRE IE X AR B i w40
PR S EOKR A s m ()], AR, 2025, 62(3):
847-856.

SRR, LR, M, S WU X R OR A AL B
=g (R [0]. 4edbq 274k, 2025, 40(2): 139-152.
B, SRAFT, RS, SF. IR M AR A g R
SR KHS pH XA FHE SRS,
2025, 45(2): 24-30.

FEDCHE, 208, B, S5 I AR R AR DR A
Fr oy B 2 WAL KL PP ). BRI R, 2024,
40(20): 54-64.

FHOCH, ZREE, WL, S5 WHES TR R UM A
it F A A G B R[], = AR, 2022, 36(8):
71-74.

HAHE, Hds. #EBEE: AR HEAM]. b
AU ELO R, 2011: 18-28.

M, EWEAR, PREME, S5, flFE 4 O B RN R A
i 3 P BBV B AE H I RE 2 S (1], R R
FR(E KRB/, 2025, 45(3): 42-47.

WUE, HIEE, HHOAS, S5 A N R bR A
FRERAE A ZBONE[T]. W R Al R 25 i (B AR B2, 2022,
48(5): 520-527.

W EeaE, JRAR, SRR, AE. o I SR XA A
L g A A R SR B A (). VLR R, 2025,
53(1): 117-124.

JATT, WAk, s80E, S5 ALY R AL PRk A
SR Pt 7 T 5 e E L RF SR (3], IR AL B2, 2024(9):
54-58.

FUREFL, 228, @Gl bel, 45, il 220 o R R i 500 0% st
S0 et ol A e AR B S e [T, YRR R
2%, 2025, 53(6): 96-105.

BSCZE, BE, Eolby, 5. Pk BEOL R IS

http://soils.issas.ac.cn



5 4 19

FETIRAE: AR EBENC AL X8 1A A= 1 KB A5 520

809

(23]

[24]

[25]

(26]

[27]

(28]

[29]

[30]

[31]

SRUES UGSt 2 v A R 7 R R M R ], O SA R, 2025,
34(10): 74-84.

RETRTK, BRERE, A, 55 ARREHEE SR 00 X G A
KEH R Fma]. #reL, 2021, 39(22): 21-24.
I, THE, BE, % iEieE = S
B [I]. Wdbglb Bl 2018, 57(4): 90-92, 95.

B, SRAARE. R 50T b LTI SR 43R O B e AR o
ST, 3, 2020, 52(2): 320-326.

B, WRIREAE. IS I SR S AR RIE A S A R
TERFSE R[], AR 2= 38 L, 2002, 18(5): 65-69, 76.
BRIz, S350, MR, 5. ASFBEL X S L
R & IO ARt K™ B s W [J]. B ARL R,
2019, 60(4): 557-560.

XUBAR, F/NE, F42, % ABECEX = IE X &1
B R RE M [T]. Bl 2E3], 2025, 34(6): 193-202.
XIGERH, X122, REREE, 5. BERSINXTRRID VD b 5

PR A i Bz IR A M (0], rP T 24,

2025, 47(3): 10-19.
ZEERA, LN, FrEH, & RREBER S FRKEXK
TSI SGEFRERZ ], R R, 2010, 38(32):
18035-18037.

SREE, WS, FROCRE, S5 KE SRR OEE R R
T AR A I R R AR B A (0], R E B 22 4, 2025,
47(4): 993-1001.

(32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

UM, W, SeEss, A RARAL S SIBEX TR AN
M RFEEF CO, AR R[], A4, 2023,
43(23): 9674-9685.

THE, B8, mEL, 5. RS F IR S
EARRG & WG M K H ™ iR SRR s R (1], T R R0l
5T, 2023, 41(4): 71-82.

WA, kS, 22, 45 ARBEIOXT AR IRDK AR A4
SeAVEHRIRISER]. 1EYI2EHR, 2003, 29(5): 770-774.
FoRPR, BHEAE, XU, A MRS [ 2L E L F /N
22 7 K B A G A R Y 2 D). TR AR R,
2013, 41(1): 76-80.

SR, RAERG, PR, L AL TREX DA BN
VR TE BB B X WA A A i B2 [J]. VR4, 2025,
51(3): 713-727.

JEWAN, ARPAF. BRI A A RS R
Wi S HATLFEOSR[I]. P ERL RN, 2002, 35(4): 372-377.
Peixoto B, Baena-Gonzalez E. Management of plant central
metabolism by SnRKI1 protein kinases[J]. Journal of
Experimental Botany, 2022, 73(20): 7068—7082.

Shah I H, Manzoor M A, Azam M, et al. Comprehensive
characterization and expression profiling of sucrose
phosphate synthase (SPS) and sucrose synthase (SUS)
family in Cucumis melo under the application of nitrogen
and potassium[J]. BMC Plant Biology, 2025, 25(1): 285.

(REHE: £17)

http://soils.issas.ac.cn



