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A [=] S A SR L HE X M A R S B AR BN AN R M B B Y R B oM

XER, skEL, =W, Reed, BREH?,
C1 TR AR K [ S R A B AU, X

2 A A TR T > A E] R T

FKE2, K B2
450002
471700)

 OE. MR (Nicotiana tabacum L) #hFlH 8 100 S5408E, WFFT TN Py K IERCHEXS R 0447 il g SR 4 A0
BUED SRR . S5 REN]: AHENE AL BGOSR YT S MR EBCE RS AU N P,
KT 355 4 et S G 40 7T CAAS [R5 B 48 e R A i Bk S S RS R P 2B BOCR ) B & s NPK TG, S M IR 1 n, 0%
JHAT IR S A N, SIS i RIS I RIS . H, NL Py KR B A 3 o R A i T
SRE B YT . ARG 45 TR E L 77 20 N 2 P,0s D K,0 = 12213, LRSI, 75 keg/hm’,

150 kg/hm? 1225 kg/hm?,
KEEIR: B AR PSR A
PESES: X503

906 HURL VT A o TR i I A2 R0 3802 ) o A2 55 T e AT
st TR (1 DN R, R R SR R R
o MW i A HEZ
BRI T A BRI, BRI E B SE
W2 INERFIE Y, EHtiRd, USRI
Wi g5 o B, HLE AT N AP, 8 % 1) UL R
T R S R ), NS Py KRR SR
BB FRICE, SRR A KRR =5 5 i o)
A EEERAS. AT TR Ny Py K jitiH
OO P 7= R R 27 B 0 TR s e g T A TR
12, (EET N Py KA [l e £ 3 o R 4 il
Tk 4 ) RN 502 o 2 s g e R B 2D o JE e A
SR ECE T, n] DO () #4700
FIAERR VP . R, ASHIFZCR A I TAREG PR T N
P K A HCPC it 0] I8 A et B B ) 5 B ) o 5 1t 1)
RO, BN A BRI, R R K A
MRS

1 #MRE7E

1.1 Rt
TR HAL T A T B AR R £ IR AR HOR
JuFEH . AR R AP R 100, ISR G L,

ORAETH: HFWELLRESTE (110200401021) .

pH} 7.29, HHURSE A 13.24 g/kg, AR N, B P
IR K &5 79k 66.24. 9.89 F1156.59 mg/kg. 5 )]
10 HAH, B3 15000 H/hm?, 478E 120cm, FEFR
55cmo HIIFPRE G ERBRIEAC R 2240, Foph s B i ) —
FOKH, BTG PO M AR AR B A T

IRE R B A vk, i 7 AMbH Gk D),
FACHEBENLHES], FRE 3 W, WA IR A i
P . I RS AR RR AT, JSRAERE A 7 ¢ 3
AT AL , JE AT R AT HEAT FFb 4% 0, B IETE AR5 25
REATY) 57t

R KHERELE

Table 1 Treatments of field experiment

Ab B WA (kg/hm?)
N P,0s5 K,0
CK () 0 0 0
PK 0 150 225
NK 75 0 225
NP 75 150 0
NI1PIK1 52.5 105 157.5
N2P2K2 75 150 225
N3P3K3 97.5 195 292.5

VE: NPKAFIN : P,Os 1 K,0=1:2:3,

EH e XIEN (1954—), 55, gt N, #d%, FENFMEFRRRAEF A TTST. E-mail:liugsh1851@163.com
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1.2 MEmMBS5AHZ®

121 MIMFERE B AC AL FERE S T CsF
THE2.0kg.
1.2.2  friE Iy A i Tk 2 ) e SR

YC/T 176-2003 1) 77 1:1,

1.2.3 S&EWISNT PEEERES T RN
FRVEEATINGE,  [R)I Z8 A U HPS890 11-5972 <,
SR FAY (GC/MS) 43T, bR M BEEE R (FREX 0.70000
g HAEARE AT 100 ml A&, MWAHHCS ml &
F e 8 251 100 ml 2 Ho P RITA] D

7£ 500 ml [ ECBENR A 10.000 g MHFE, 1.0 g 7
B, 500 ul WERFEINA 300 ml Z8187K, 7800484, 1
1050 mi ZERE /K PR ZE RPN 11 o 222 ] I 2% AR AR
BEE, ARG NAEEE F 7 I 40 ml & FE T 250 ml
P, FTIFRAE, FErES TG, R 20 A
S E I I JZ I R T . 250 5, UEA
HUAHBR 250 ml BEIf - IRV, () I 28 TR AR RORE T )
AHAEERSE . NN 10 g 247 T KBR R o) T4
IR, HREANABXG0. H &P EaE T
TR 2 U, BRI 15 ml 2247, FREERS X80,
ERBA MR SRR S, AR TC /KB RN E NS0l
H, KB IRAENS O A 1 ml A4

LR AL TR AF R S BT RE S, Y GOMS % E 45
RAINISTO2 ERI R &M GC/MS M-

GC/FID 444: {6345 HP-5MS (30mx 0.25 mm.
1.d.x0.25 um d.£; FERTHRFE T VIAEEE 50°C (ff
FF Smin), BL 5C/min JHEZE 120C (ffFF 5min),
FLL 5C/min THE 180°C (f#4F 5 min), #H/Ja L
6°C/min FHEEZE 250°C (f£FF 15 min). A A5
280°C; A AR E S 35, 400, 25
ml/min; #FHACNET RN 1.3 mlmin; FEFAAF
h2uls A8 L.

MS%4& . # A N Hes WA 1.3 ml/min; f£
LR 280°C s B TURMLE 177°C LB RE 70 eV
FiE BT : 35 ~500amu; MSi% )% HNISTO02.

ERHT: AR IER T 1, RN FREE

E=N
Ho

2 ZER5SH
2.1 GASSRARED e X M AE A e A R BT R 2 0

SR A e PSR D A R A0, R
e BT AU /3 B R A, AR BT
MIE BRI wERT. SRMEY. HiRE. RS, XL

W IT I PR A R T R e e A il B

B S RGBT AR R EARDG, Ak
FEI e AR LA A et e v B 1 2R,
ANFEING Py K G Ak BRI itk 1 528 v TR AL
¥, PK. NK. NP. NI1PIK1. N2P2K2. N3P3K3 4t
0y B AL BRI T 8.91% 13.92%- 5.57%-
22.82%- 27.83% F135.06%. N. P. K AT P AR
it A AR A 5 A 56.90 ~ 61.37 g/kg, PN
58.98 g/kg, SATIUACEEAHLE, $m T 5.57% ~ 13.92%,
SRR T 9.46%; b NK AbEUIE R, e T
13.92%; 1 NP A BRI IR e /)N, 325 T 5.57%. NPK AT
it A T ) AT RS A 66.23 ~ 72.80 glkg, PR
69.31 g/kg, 55X FRALHAALE, $2 5 T 22.82% ~ 29.58%,
SPIHE R T 28.57%; i N3P3K3 AbHUEIEEO,
AL FRARE B T 35.06%, NIPIK1 AbFRsmg i, 7
T 22.82%.

80
60
40 T

20

AT EESE D) 5 (o/kg)

CK PK NK NP

K HRE AL

NIPIK1 N2P2K2 N3P3K3

B 1 FEMERLEEEE AR RIS BRI Gk Efh
G a, by o dAORARIINZERIAH] p<0.05 BHEKFD
Fig.1 Effects of different fertilizer treatments on contents

of petroleum ether extracts of tobacco leaves

2.2 B AR EC e X R AR R I B E A R B 22 M
LSO T (GC/MS) S JE M RE Sk T e
PERE ST, S 27 RIS SR )
B (2>, HEFTE BT &S TA)
HHTAME, oy A bR, RINERE. TRl
PSS, KPR 4 MY, a2 TR, S ANAL
PR RARFEAALL, 27 Firh PEE SN S A EA A
FFERE e, $Em T 17.13% ~ 120.28%, “T-Htm T
53.62%; A N2P2K2 >N3P3K3 >N1P1K1>NK
>PK>NP>CK, NPKFFCtAb AR 55 7 4 5 o0
986.48 ~ 1608.83 ng/g, V¥4 1341.37 ng/g, LN, P,
K P e e it AL B =y 131.01 ~ 665.19 pg/g, PSS
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T 438.84 pg/g. HULTIIL, N. P KE&HELRE 2

F P S Y

%2 TR FHEHREYRESENEM (ng/g)

Table 2  Effects of different fertilizer treatments on contents of total aroma constituents

B TP CK PK NK NP NIPIKI1 N2P2K2 N3P3K3
KRS SRR 46.6 51.22 49.12 52.32 54.95 118.19 65.69
KAL) 6.81 7.74 11.97 8.59 12.31 88.56 10.02
IRt =4 12.15 18.99 20.34 18.65 19.42 62.26 19.02
[ligEpssa 7] 25.82 48.36 35.42 27.18 443 80.12 4233
A I R A 638.97 782.17 826.79 748.73 855.5 1259.7 1291.75
M 730.35 908.48 943.64 855.47 986.48 1608.83 1428.81

2.2.1 XEREJR MRS N FBEAR T ) A
% 2 U ST W S G 4 i T W' Sk SR N

DAV N REBEMEY), AR 2 A
B E A A 3R 3 A, AR AL AR
MESEEA S D B RE TS B T AL B, 1
&K 5.41% ~ 153.63%, “PIHEIE A 40.02%, L

N2P2K2 AbHEIE R 5K, 18 153.63%; AT AR B
KENE DRIER YD BRSNS R, LI
N B R 1 22.65% ~ 47.77%, T34 39.19%;
HUOEE RN, 2R N EREY S =T
17.78% ~ 27.79%, P37 23.14%; 3-F3E-p- 40K
L 7E X R AL B U IR AT AT

#*3 ARIMEARAIENRBE NEEBEEFSYRHZMW (pg/g)

Table 3  Effects of different fertilizer treatments on contents of aroma products degraded from carotenoid

K N ZRBFYIR CK PK NK NP NIPIK1 N2P2K2 N3P3K3
3-FadE-p- AU - 0.34 0.86 1.20 0.76 5.44 1.74
6-FH AE-5-Pesdi-2- i 0.82 0.38 0.76 0.76 0.54 1.96 0.69
VA JE BT 11.34 9.11 10.54 14.09 12.49 32.84 14.55
B- K T 18.86 24.47 19.75 2232 21.49 26.77 28.10
7 - HE T 2.99 3.06 4.12 3.67 485 10.25 4.59
AR B A 2.09 3.73 2.94 1.45 2.82 11.19 2.37
[EATA=Y T 1.09 1.23 1.16 1.03 1.55 238 1.44
[ESEYH ) 4.00 428 3.66 3.55 5.11 11.05 4.79
R K] 0.90 1.06 0.91 0.88 1.06 2.92 1.09
ELE = 4 5.31 4.29 6.04 5.30 5.57 13.37 6.33
il 46.60 51.22 49.12 52.32 54.95 118.19 65.69

T - R,

2.2.2  NFJE T R TN R 2R B A ) B B T R
M) TN RIR AW O K 07 S AT B
S, JUILREXHE M R A DvEk e oK. (R
ETOEL i L S s i iR A /Pl N o 1 N
CATI AR I A AR, K 4 KW, Kt
JIE Kb R S S SRR Em AR = e TR
WAL FE, H0E K 13.65% ~ 1200.44%, “F-3110E A
240.65% . NPK [t ji 4b BE 2K N 2 R K B ) B B2 A
10.02 ~ 88.56 pg/g, V¥4 36.96 pg/g, L N. P.
K P AT e T it A B ) 33.48% ~ 1124.66%, T3

404.25%, Fh Ll N2P2K2 Ak HE M40 B Ok, &
1200.44%. {EME I 4 PORN R B BCED R F
B R OWE R BERI2R Qe , 3400 N2P2K2 4b 3
5o

2.2.3  XHE JE MR AR P ) B ) R e N
W= H DR . 5-F IR . AW
M« LWL e RURE R 45 1 23, Herh 2 R U A R
BRI R BRI RS R TR S E R
X EWAEHVIMCR, JCHZA g,
WP, HAR S EARRL, (RO AT ] R T A G
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FEN, S Aran, AR A BRI AR Ak A
RAFESARSY E I T AR, iR 53.50% ~
412.43%, “FHIHIE 4116.67%. NPK B BEE: (AL
FEYIRE ST RN 19.02 ~ 62.26 pglg, “FHIH
33.57pg/g, HENL Py K PP AT R0t AL 2 1 3.05% ~
345.02%, “FHAIE 115.20%. FEMI5E 1) 7 Ptk =4

W, SR AL R R AR S R e, R AR
REAWFURE 19.17% ~ 35.99%, “FH)5 29.13%.
JE IR AL = AR SRR B AN], NPK A FEC
Jit AL B N2P2K 2 Kb T 2- L BRI A1 BRI BT
S-FFSLRERE . 2- LML . 3,4- L2, 5 A g
oA T AR A

4 FREMERAENERRBRLEFTSYRBIFZE (ug/g)

Table 4 Effects of different fertilizer treatments on contents of aroma products degraded from phenylalanine

KT E R BRI 5T CK PK NK NP NIPIKI N2P2K2 N3P3K3
R 2.34 1.54 431 327 425 58.18 3.20
KW 2.76 472 5.03 3.28 5.44 13.42 4.01
KW 0.77 0.47 1.34 1.00 1.32 13.57 1.32
R 0.94 1.01 1.29 1.04 1.30 3.39 1.49

it 6.81 7.74 11.97 8.59 12.31 88.56 10.02

F* 5 AFEEEAEMIZELFMERSYRZIE (ng/g)
Table 5 Effects of different fertilizer treatments on contents of aroma products of browning reaction
FrRtaA =R BE Y CK PK NK NP NIPIKI N2P2K2 N3P3K3

TR 9.82 14.40 14.08 12.57 13.36 39.85 13.43

ems 1.04 2.41 2.97 2.54 3.22 9.62 2.77

2- TR 0.42 0.58 0.68 0.80 0.77 0.64 0.44
5- PR 0.48 0.37 0.46 0.48 0.39 435 0.47
2-Z Bt 0.05 0.16 0.40 0.56 0.33 0.70 0.31
3,4-HSE-D, 5 0.19 0.67 111 1.09 1.02 3.82 0.86
LIS 0.15 0.40 0.62 0.61 0.33 3.49 0.54

ot 12.15 18.99 20.34 18.65 19.42 62.26 19.02

2.2.4 0K IR A S PY A S B AR A 5 AR 1R R T
FEVUAE S SR ) o = A F55 it ] A A
S SR Ry, BAT N, BRI
REPRZIRN, S AMEA G HATRAF I &, i ELIE R
BEAR = « VR < B I A5 A S AR
FEPEAEYR . WK 6 Fil, FHEALALEEE (5

P 4 v TR AL B, RS 500 h 5.27% ~ 210.3%, 11
BEME S 5h 95.93%, L AN2P2K2 Ab BRI 5, 1
MEIE 210.3%. NPKEL it AbHH 5 A 44.30 ~ 80.12
ug/g, V4% 55.58 uglg, HEN. P. KPP TR it Ak
T 66.31% ~ 123.01%, ~FIJ70 915 105.35%. kL
FafR I aE LAN2P2K 2 A FI e iy, NPALFIE /N

& 6 FREMERLIEXEXFERREESYRMEZE (ug/e)

Table 6 Effects of different fertilizer treatments on contents of aroma products degraded from cembratriendiol

CK PK

NK

NP NI1PIK1 N2P2K2 N3P3K3

KR BE IR

Tt 25.82 48.36

=

35.42

27.18 44.30 80.12 42.33

2.2.5 05 JE MHHFT R AN S A
RGN TR RN RPN T BRI A
I EAT RPN ASRE R BT o OB 4
TR P — R I A, A AR R
A AR AR, A R b b A Ay
S TS Y SN IR R A BE AR

Ul S hh, Frht sl Bk —20 iAo BT i & 10
PR, IR i o R 1 7 A e 7 A AU s i ),
2 7 AT LA, 50RO AL B R T s e T
X HRALE, AR 17.17% ~ 102.28%, Tl
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x 1 TREERLEMFE_MGIMECEINETSWROEE (ng/g)

Table 7 Effects of different fertilizer treatments on contents of neophytadiene and other aroma products

BRGNS CK PK NK NP NIPIKI1 N2P2K2 N3P3K3
Wik A 638.37 781.32 826.20 747.98 854.90 1255.30 1291.30
A B R T 0.16 0.12 0.10 0.14 0.12 0.45 0.11
4- L fH — 2 — A IR 0.26 0.19 0.14 0.23 0.11 0.66 0.17
UBA 24 B 0.18 0.54 0.35 0.38 0.37 3.29 0.17

50.30%, AL N3P3K3 Ab PRk, Bk
102.28%; HRJE N2P2K2 4bFE, 1#1E ik 96.64%. NPK
106.92 ~ 465.1 pg/g, V¥ 313.03 pg/g. Bk Ias
RO R I, X B AT (o R
B FEFTE A 3 FE S, AR
Wil 4- LI HE-2- AR OR T . B 2 R (1) B 2 3 LA
N2P2K2 4b P K.

3 HRSIHRE

ARSI o (R A 2 1 B B — Ak L
WP, REML, SRR, W, kL, B
AHE 200, WBRRE AR IE , #h kg, g R,
AARIGHIT T L5 W, 45l A Ak A el R 4 1) 5
ST IR AN, A AR A s R O
HEFHOER] T WK . NPKELAREE SN, Py K
AT 75 PP AEDRAC e A B AF LU, R PR i e 3 A
P, HBEAE LR, K S A
BRI, 1 BNPRAC i 0] 52 6 0 0 ok Ik B ) 7
HA R .

TR 4 R W 4%t A Ak B8 ) AN ) R bt v K
R M, I LA AR B OB R A I A
PR O W 0 L s, X A DG ST 5 SR AH [
(19201 B¢ i A Ab B EL 4, N3P3K3 Ab P 5 7, N2P2K2
AFEVR 2, NPARFEEE 6 BEAL BRI /N . 4 382 I
I s SN R R R AR R A K e —,
SRR P AR S B — e &, 1 H ]
O A AR T BTG 23 7 A kR 4 U NPROE it o
(N3P3K3 AbHD) MEMHAEAE KR AR IE # V& T, &
DA o s, BRI S, HOpE e A R
i, AIRE S HER R AR G IR S K. NP
WEY AT E, SR SR AN E BT AN A AL
HEFEY DR ZESR.

WL IR W, 45 il A Ak B 68 AR 524 v vk 3
B 5t A SR TR R A W SR . 5 I
W A N RIS R, R R
WERY RN R AR & m il MW

W Tt A BRAH B R — 075 854.90 ~ 1291.30 pg/g, T3
iy 1133.83 pg/g, Eb No Po K P9 4T 25 i Ak B ey
THEE N REREEE, ST K FNKAREE, i
PE IR BRI AT TR s IR 2R
MEYIRI SR, S HIEAFES K TPRACEE, i
N 20 2K T 2 R B W A AT 2 g s A
KB JH PG RAE RRIRR A S N =R I B =G, &t
AbHEIS R FNPARER, 10 WK 361X P SR 4 o ¥ %
JEAT EE AR, IR R K A AR AL
TdE— L.

F5T 45 FR W . NPK Lt %) 6 100 i w3 &
e AR . 3/ NPKACHEALEEAHLL, 2500
PR ERR . Kb r=3s. REHE b FER Rk ke
B BT R R N2P2K2 AbF g iy, it
W B NPK PC i A e (1) 168 01, 68 00 1y v o S5 4
i RS R 2 AL, HE— 2D B NPK 1D
A AT R SR P o (AR R, AR & U AN 5
PRI, NPK (16 B A2 5 e R R S A ) o 25 ) o
LS. A PATI H ARG 45, HERE A Oy &
9 N :P,Os:K,O =1:2:3, HHESMN 75
kg/hm?®. 150 kg/hm?#1 225 kg/hm?.
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Effects of Different Combining Application of N, P, K Fertilizers on Petroleum Ether Extracts

and Aroma Constituents in Flue-cured Tobacco Leaves

LIU Guo-shun', ZHANG Chun-hua', DAI Li-peng’,

SONG Xiao-hua',

SHI Qiu-huan?, LI Yong-tao>, ZHANG Xue’

( 1 National Tobacco Cultivation, Physiology and Biochemistry Research Centre, Henan Agriculture University, Zhengzhou 450002, China;

2 Luoning Tobacco Leaf Company of Henan Province, Luoning, Henan 471700, China )

Abstract:

Field experiment was conducted to study the effects of the combining application of N, P and K fertilizers on the contents of

petroleum ether extracts and aroma constituents in flue-cured tobacco leaves of a tobacco (Nicotiana tabacum L.) cultivar Zhongyan100. Results

showed that the contents of petroleum ether extracts, total aroma constituents and different kinds of aroma constituents in tobacco leaves were the

lowest in the treatment without fertilizer (CK). Combining application of any two of N, P, K could increase the contents of petroleum ether extracts

and aroma constituents. With the increment of N, P, K fertilizers, petroleum ether extracts in flue-cured tobacco leaves increased continuously, while

the content of aroma constituents increased at first then decreased, showed a shape of parabola. Therefore, reasonable combining application of N, P,

K fertilizers is an important and effective measure in improving petroleum ether extracts and total aroma constituents in flue-cured tobacco. The

recommended fertilization derived from field experiment is N:P,05:K,0 = 1:2:3 with the amounts of N, P and K fertilizers of 75 kg/hm?, 150 kg/hm?

and 225 kg/hm? respectively.
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Flue-cured tobacco, Petroleum ether extracts, Aroma constituents, Fertilization
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