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Effects of Plant Population and K Application Level on the Contents
of Neutral Aroma Components in Flue-cured Tobacco
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(National Tobacco Cultivation & Physiology& Biochemistry Research Center,

Tobacco College of Henan Agricultural University,Zhengzhou 450002, China)

Abstract : During 2009, a field experiment was employed to study the relationship between the contents
of potassium and neutral aroma components in flue-cured tobacco leaf under plant population and K
application using the tobacco cultivar Jiyan No, 9 in Dunhua flue-cured tobacco producing area. Re-
sults showed that,both of the treatments,namely plant population and K application,and their interac-
tions extremely significantly affected the contents of neutral aroma components in post-cured tobacco
leaf. With the increase of plant population and the increase of potassium application rate,the contents
of products degraded by carotene, products of browing reaction, products degraded by cembranes,neo-
phytadiene and neutral aroma components increased and showed the tendency of decreased first and as-
cend later; With the increase of plant population and potassium application rate,the contents of phen-
ylalanine showed an earlier raised and later decreased state. All the results suggested that structure of
treatment AZB3 which was plant population 15100 trees/ha and K application 328. 5 kg/ha on the
quality of flue-cured tobacco leaf was reasonable and were higher on t neutral aroma components con-
tents of the flue-cured.
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1 HBEF*®

1.1 KBHs

BRI TF 2009 FHEERERATESHES
AR, X LEAERE, B IF L. L2
RE. BB EHEE FUBTHE. HL
AU HESE AEEDAIRD. #HEGHHH
HHEOS (S ERMF . REUKEE FHRE.
ZRIBLHBEER.S A1 BHBR,. ZAEH.
JERIHHEEERE m(N) +t m(P) : m(K)=
8:10: 23 . i M w (K. 0) =52% M M 9
w(N)=26.5%,w(P,0;)=11. 5%, & .8 . H B
B T0% TR R MEEREAE 30 % /ERIE, Hihgm
R4 RH.,
1.2 REigit

FHAR I, REMEEMGER 2 A
EMHEFARZDNELE, & 3IAAKE 4
Bl¥ Al 47#% % 1.2 m X 0.5 m (16 500
#/hm®),A2:1. 2 mX0.55 m(15 100 #/hm?),
A3.1.2 mX0.6 m(13 500 #k/hm?) ; i 4 (K,0)
BBEE)NEILHE, & 3 1 KF Bl:224. 4
kg/hm?,B2 (CK): 276. 45 kg/hm?, B3: 328. 5
kg/hm?;m (N) ¢ m(P,0;) : m(K,0) 4 5 A
1:1.5:2.5,1:1.5:3,1:1.5:3.5, @4
%% AI1B1.A1B2. A1B3,A2B1, A2BZ, A2B3,
A3B1.A3B2,A3B3,3 9 M ALH,3 IREE . BEHL
#3327 /MR /HRER 0.013 hm?, {5 3
FA#0.12 hm®, 7 A 22 BT, K/ DR B —
B.BHHR18 K.
1.3 MEBHASHE .

MR LR B, BN FRRAT
BREFARAZBAME TZHETER . &E
M A2 B HEIT R A LB IR B S R A

B=(C3PRR . RE 45 CHTEEE, B,
80 B . ABHETHUBEVRNE.
FHAEFYRALCE FLEERAYKER
AE-RPREMERE. 78 500 mL FHELE
AP MA 10 g HEE.1 ¢ FER,0.5 ml. N5, B
BA 350 mL Z 1K, 5. AT EEER
KB EEEN %% 500 mL FKER, # 8
HRAEBREHTMA D —HEEEAR 40mL =
AHLE R 250 mL BB, IFE T 60 CA#B
o BB T FFAE K B, FR R T IR o B SR E AR IE R
BEBFHFHEHRDZeH6, 2.5 h 5 40E
250 mL BEREERAMENME. MA L0 g EFL
KERAES ZEBBE . HBAVEIE.0,
BF60 CKB EHEAYAE0.5~1 mL BT,
PHEEYRNEEHE /AT SitHE
HMEFBHERBEHIAE, b GC/MS X F4 &M
NIST R & EH., GC/MS B £ 4, B
VG-70SE (¥ E VG 24 #); S 6% HP-
5890 ZEMBA BT (HELEAF); BHER. OV-
101 (25 mX0.25 mmX0. 25 ym); BX:He, &
HLERAE 250 C, A EBRE 250 C,BEFREE
200 C.BBFETHE 70 eV, (h2hBERME
R THR.EFBEE S0 CHEHE 1 min, U
5 C/min®EE#H 3] 220 CF3#F 10 min, BE K
0.8 mL/min, HERBAFEREEHBEE
g E RIS AR KB ENSR.
SHfEE &M%, 6% HP-5890 (HZ
S5®mAAD, K FID, 8K He, E41 B &
OV101,FID #H# 250 C, 5S4k ZHEHF 240 C, 4
W1 25,81 50 CHEFF 2 min, A 3 C/min
BEFAD 170 C,{F+% 30 min, Z/5 L1 3 'C/min
HEFE] 220 C, & H 5 X & 8 LU o & BT
b S E YA ER.
1.4 HESH
¥ Fi DPS6. 55 #47F Z£ 347 .
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2.1 HREESWEMESE
BERYEHIEBRE, AAREERGEY
EHAT LR EI, XN EHY P K,
ERNERE FELTYE EAHRLES 1 £,
FrilEny 27 MBS P . KHAE PR 13 F, 2
BAFKOE . EHENE. _SHBEHRAE.E
DM 143 B S AN . EEERNE.
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NEBAERBEEW, ULE A2B3 X, HikE
Ab3E A1B3, kb3 A2B2 #1 A3B2 B/, 3 B AL
AZB3 5 AIBL AT PERB=YESRER
ZETEEKYE, 543 AIB2, A2B2 fl A3B2
WERAY P ERBFYESEERYBATRES
AP ERRLBNERHAEE. XHBME
MR ESEMERARNEMBETHRELA
MaAR EEMHEEEEMEAMKBE.
WMENLAS PEER=YP.C-REEH . FHE
Al —ERENERAEREAFNSEHE
BTHAFRYRERS HFpRIM. FHER
B Z SRR Bk N BB DL AL B AZB3 B K.,
Weeks™ R B, M FRBH A E S, LB\ T b
REEMEFYNSEVREM. KAYE AR
T A 0 7 R 0 O R (A N A RV N B RUR
B, SN EIASRER, BYREMFS A
ESBWEEH S0, Bk, A2B3 kb2 XM
FRHWRHKEK.
2.3 MERHEHEREREAESVRSERNY
Ml

FESWEH M EREAREAEFSYRER
W, % AL T E AR T B & KF (F=4.152,
P<0.05), i B BB A THREEKE(F=
32.599,P<<0.0), MEE WX THREEF K
F(F=17.701,P<<0.01), g% 1 Al 41, b6 & F
BN XAEARELBEERABHBEKMN
BE MERSRENEMUEEROBE., ER
AMEFESYRLENTAMALEBKKRS
A2B3, A1B3, A3B1, A1B1, A3B3., A2B1. A1B2,
A3B2.A2B2, EFfMIEMR 4 MEREAMEEFR
VIR (BREZ S, 1L A2B3 b B R K, H#E
NEMELSEEER THMALAE, H 5 {babE
HIZFHHE % B A2B3 AL B 5, A1Bl 5 H &

HEOERBEMAEEERNTEE S AEY
DEFREBERR RZLBRZ ELBEK. *
HBECEBRE . #F KIBGRUERE,
BE)FFEGEEE) X2 HAEF. B
FESHRMEPSREETNFRLA.
El . MEEENRA BN EREARLEESYE
FHBNE R A2BB Gt EEEHLBEESENE
SYERERARANE.
2.4 WMEREHEAUFDEESURERY
4]

mERITA,AEEETEALTYERE
BEXWH EEERTESHEARTAEMFEEML
FYRRAEREEEW; A2B3 5 A1B3 fl A3BI
LHEORAETYLEERIAEE . B5HA
MRS AIB2 R BEIHFREEE
. BREAL=Y R BB E MR E A g
M EERHERNEMERCTREAENBEE.
ERMENREALTEyT, L BEHUBESE
BK.2-ZHMBKZ. o MBEFAUEDER
=K A2B3>A1B3>A3B1>A1B2>Al1B1>
2B1 > A3B3 > A3B2 > A2B2, Il A2B3 & X,
AIB3 W2, A2B2 B/, 315 B B 95 B 0 i 4
BXREATYE R ENZE W, A2B3 £ HE K HE
o R .
2.5 MEFEAHXANREESYRSRNE
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%1 AETEANEFRNEEAMPHEREDRHER
Table 1  Effects of plant population and K application level on the contents of neutral aroma

constituents in flue-cured tobacco leaf pg/g

e 4b ¥ Treatment

Index A3B3 A1B1 AlB2 AlB3 A2BI A2B2 A2B3 A3BL A3B2
;’i&ﬁim 18. 47 abcABCIS. 97 abABC 20.72 abAB  22.95 aAB  15.63 beBC  24.44 aA 19,37 abABC 12.40 <C  22.38 aAB
ﬁfyﬁ ot 10.32 abAB 8,05 bcBC 10.69 abAB 11.09 abAB 4,77 cdCD  13.532A 10,37 abAB  3.32dD  10.18 abAB
EABRRAE 2.06aA  2.27sA  2.81aA  2.41aA  2.77sA  3.31aA  2.55aA  3.31aA  2.84aA
BRexD M. pionone -233A  0.18abA  0.19abA  0.21abA  0.12bA  0.24aA  0.21abA  0.12bA  0.22abA
5 iﬂifgﬂfﬂ‘d 0.23 bcdABC 0.15 cdBC  0.39aA  0.37abA  0.12cdC  0.33abA  0.30abA  0.10dC 0,27 abcABC
pakm:, 0.38bcB  0.42bcB  0,71aA  0.54abAB 0.49 bcAB  0.32¢B 0,44 bcB  0.41bcB  0.43 bcB
ﬁi;gﬂn; 0.73sbAB  0.36bB  0.06bB  0.38bB  0.26bB  0.50bAB  1.33aA  0.22bB  0.40 bB
Sle%a:lirfni‘l 0.76 bBC  0.60 bcBC  2.67aA  1.54bAB  0.34C  0.96 beBC 1.27 beBC  0.34 cBC  0.86 beBC
S e one O-S2DAB O.44BAB  1.72aA  1.04abAB  0.17bB  0.98abAB 0.61abAB  0.10bB  0.70 abAB
I‘?ﬁﬁfyﬁ”‘—fmne 8.53abA  8.51abA  10.12sA  7.73bA  2.79¢cB  9.56abA  7.89bA  2.91cB  7.78 bA
e L me  O-17abcAB 0.18sbcAB  0.20aA  0.15bcAB  0.10¢B  0.16hcAB 0.16beAB  0.10beB  0.23 sbAB
M ﬁi‘e’f‘ﬁffmol 0.36 abcAB 0.40 abcAB  0.33bcA  0.34 bcAB  0.47 abAB 0,39 abcAB  0.31 cAB  0.52 aAB 0,34 beB
ﬁﬁﬁlﬁﬁne 0.10aA  0.11aA  0.11aA  0.,11aA  0.098A  0.08aA  0.13aA " 0.07 aA
(MY FREGRE

The total of carotenoid ca- 42.85 bcAB  40.64 ¢cB  50.80 abAB 48.87 abcAB  28.12 dC 54.79 aA  44.96 abcAB 23.84 dC 46. 70 abcAB
tabolites

B . 557.42 bAB 460.57 beBC 616.42 abAB 563.08 bAB  321.42 cC  720.53 aA 540.91 bAB 338.14 ¢C 549.02b AB
Neophytadiene

éifdehyde 1.59 aA 0.95 abAB  1.20 abAB  0.92 abAB 0.23 bB 1.60 aA 1.09 abAB 1.56 aA 0.99 abAB
ziﬁalww 3.71bedBC 2.25 «dBC  5.85bB  3.19 bedBC 0,91 bedBC 13.19aA  5.13beBC  1.29 dC  3.88 bedBC
ﬁiﬁace‘ddehm 0.26aA  0.44aA  0.66aA  0.48aA  0,23aA  0.253A  0.432A  0.11aA  0.23aA
ﬁﬁﬁ)] 1.97beBC  0.94cC  3.79abAB 1,57 ¢BC  0.25¢C  4.75aA  2.08bcBC  0.33¢C  1.54 cBC
fhfﬁlﬂﬁ%gnymmm 7.52bcdBC  4.58 <dBC 1150 bB  6.15 bedBC  1.62dC  19.79aA 8,72 beBC  3.29 cdC 6. 63 bedBC
AR Furaldehyde 15.53 bcBCD 17. 95 bABC  20. 24 abAB 15.72 beBCD 5. 60 dD 28.31 aA  19.16 abABC 8.64 ¢dCD 13, 34 bedBCD
R Furrurol 0.62 beB 0. 47 beB 1.51 abAB 0.50 beB 0.16 cB 2.27 aA 1.11 bcAB 0.59 beB 0.78 beB
f{é"‘y’g"éfﬁn 0.95 abAB  0.69 abcAB  1.11aA  0.43bcAB  0.19c¢B  0.62 sbcAB 0.69 abcAB 0.38 beAB 0, 56 abcAB
2:;‘,}}’,35};“‘““ 0.82 aA  0.60 abABC 0.58 abABC 0. 48 bBC 0.40 bC 0.74 aAB 0.48 bBC 0.83 aA  0.61 abABC
ﬁipﬁ"}g‘l‘“ 6.20 abABC 6.36 abABC 8.55 aAB  6.79 abABC  2.92bC  9.85aA  6.64 abABC 3.73 bBC 7.12 abABC

3,4 ZHK-2,5-0k%
3.4-Dimethy-2.5-furanone 0.46 abA  0.41 abA 1.21 aA 0.27 abA 0.23 aA 0.33abA  0.59 abA  0.31abA  0.35 abA

REAREN "5 R .
The total of products of 24,59 bcBCD 26. 48 beABC 33.20 abAB 24.20 beBCD  9.50 dD 42.13 aA  28.67 abABC 14, 47 cdCD 22. 77 bedBCD
browing reaction

#i M Solanone 23.46 abcAB 17.97 abcAB  28.16 aA 26.66 abA  17.18 bcAB 22,47 abcAB 18.39 abcAB 13.40 ¢B  18. 29 abcAB

Kk
The total of cembratriendi- 23,46 abcAB 17.97 abcAB 28.16 aA  26.66 abA 17. 18 bcAB 22,47 abcAB 18,39 abcAB 13.40 cB 18,29 abcAB
ol atabolites

SLBEZFEALR 0.04bA  0.13abA  0.20aA  0.18abA  0.14abA 0,07 abA  0.16abA  0.09 abA  0.05 abA
4-Vinyl-2-methoxyphenol

Ko 1.08 abAB 0.83 bB 1.21 aA 0.83 bAB  0.80 bBC 0.81 bBC  0.90 abAB 0.44 C 1.00 abAB

Linalool

L Epat i} |
Lo vetiver ketone 4.16 aA 3.51 abA 4.04 aA 1.81 abA 2.75 abA 2.54 abA 3.49 abA 0.75 bA 2.72 abA

Ruxsm o 5.28aA  4.47 sbAB  5.44aA  2.82bAB  3.69 abAB 3.41bAB  4.56 aAB 1,28 bB  3.78 abAB

Foky a8 R
The total of neutral aroma 663. 58 bcAB 554, 71 ¢dBC 747.18 abAB 671.79 bcAB 381.53 eC  863.12aA  646.20 bcB  394.43 deC 648, 86 beB

components

HREEERRANAETTREALBEER LD U EEKV KAETHANRALAHNELR SN 1 YBREEAT. v REHE.,
Note:Different small letters indicate significant difference at 0. 05 level,different capital letters indicate very significant difference at 0. 01 level, the same as

follow. tr;means trace.
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FREENYH., BEMETENYNTE &
SEERENAE MERAENEMEHE &K
SEEVHEBEE. Al 3 184 . A3Bl I
A3B3,A1B3 #1 A2B1,A1B3 #1 A3B1 |8 {9 5 1
ZHESBERMARE R4 HE AIB3 4, A2B3
RESEALENFH _HESBEERHRIESE
KF;A3B2 4B (R 5 AIB2 fil A2B2 R F 8
EMERALENFH_AESRERYZXAT
MEEKY. ELBFH_BIERIA ILE
A2B3>A1B3>A2B1>A1B1 > A3B3>A3B1 >
A1B2>A3B2>A2B2, L A2B3 kb 5 i) 7 4l — 4%
SBEKX.AIB3 RZ,A2B2 #1 A3B2 b &/,
HALBEEREAK, ERUENERIHES
YR BEZEFMSER® L AIBL AHE
KoA-ZHmE-FEERXBH T EBEHL AIB3
HHEBEK. ALF1 A2 3 PRI EELMBEY
FEEERYAEE,ASBl 5 A3B2 LB H s
RYHREBREREE,BFES AB3 fhHE =
FHAEE. A3B2 5 AIBL #1 A1B3 b M H
R REREER I TREEKF., Hibky
REABMEEMMTENEMmE M, EEREE
WEME VEELESE. HEXESYREE
FH M4 B A1B3 > A1B1 > A3BI > AIB2 >
A3B3>A2B2>A2B3>A2B1>A3B2,
2.7 MEREBEHPUEBFEYRIBOKE
HEIJL HHEEEMEFERFE LI
MPHREYRLENEREEREW. AlB2 5
A1B3.A3B2 5 A3B1 #1 A3B3 b H i H &
YWREBREFHKXATREEKF,H AIBl 5
AlB2 #1 A1B3.A3Bl f1 A3B3 At K ERH R
BEZ .k AIB3 &b 34, A2B3 S H &4 TB A b
HEYHELREEZERBHBATEEXKYE,BES
A1B2.A2B2.A3 B 3 18I 4L B 6] = 7 ¥ i5 Bk
BEKYE. BEMMETEMBE RN, P4
REYRLBRAFH_AESEThEY—BL.%
9 AMAEFR A, LA A2B3 AbFE B K, AIB3 AL IR
Z,A2B2 1 A3B2 b EEB/N, HALBERUR
X. A, A2B3 e M ESEREE, @ &R
BiF,

3 #R 5tk

ERRFHETAERENBEOHARHEER
Bz, AEXRERRY FLELXAT b
BBy Henr-m FE SR P HEEY

FEREHLL 15 100 #k/hm® #1 328. 5 kg/hm’ 4
SHEERX HFUHBEYRSEXIT 863.12
pe/e  BERTHMEHE; XFHELRFIYR
FE XY R YL 16 500 #k/hm® 1 328. 5
kg/hm H G BB K TEF B E B 27 BHEAR
S REE ENERE. ERBEN AR
ApET M EPR PN A28 BB 8
B2-ZBEMBEAMFA_ES 11 RSB
15 100%k/hm® #01 328. 5 kg/hm* HEABE X,
XRAESHENHATE T GRS ERS
KB HEAMHESYR. EHRBENEFSIRS
PHM_HEEREENORE. X5H XM
EUHEL FE R REEP M EENEE
MLEERRERSKSBERIESYENEE R
AEEMHPHBEEEESYR.AEYREF
MK ESIES H#ARSHERFARTE—F
FHELE BB FHERR Y m, BHF
FESHR AMERRLEEFE_ESENER
BFHHHEBEFRSLBHER.

TR BB AL o R B R I BT IR TR R AR
6, 53X Y BT R R eE s S 1E A R RAE RS E D
BRRDY b % R4 2R A A EOE i
ME B AEE, T BE R F 2
SRMEEER . FRER BEAKILS Y. BE R
BEOARMAERBREMHXN, ABER
R MEFEAEPEMEAFESYRSER
BEYW. BEMEEEABM, KNE PER
By ey AR EEETY T
HHEMEYREFHAEYREESBEHME
B ENEREMB-YEA T HEROBE M
ERPMEROEN,.LXHE PEBRETY Fak™
Y KT RIST R R = B R A0 A R R
RPHEEVRAEHE VA MERER
REEMEMRWES, BIELIHES R 328.5
keg/bm* B A, W, A BB S . AHFSER
B SxEIRE i g SRR A R A —
B, X EEMETENGESEELEYREE
REXENBEYREROEL, LKFEEBA
HiE—SWR.

BASW EBEMEEE 15 100 #/hm?,
g 328.5 kg/bm® AR EHFEXBEH, M
EBA, B, EEN X, % 15 100 #k/hm’
HAT MM E, SN EH I, R E A&
.
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