g fEst (Korean J. Crop Sci.) 31(4): 454~464

HEn xEe BERE BEM FHUlETLEH
AR - HES  PRE RET - FHE

Studies on the Tobacco Growth Characteristics

under Environmental Conditions between
KOREA and U.S.A.

Han Seo Koo*, Hyeon Suk Park*, Jeong Eun Ryu***,
Ki Woon Chang*** and Yong Deuk Lee*

ABSTRACT

To find main factors to affect tobacco culture and quality, NC 2326 (Nicotiana tabacum L.) was cultivated
in Korea and in the United States under different plant density, fertilization, mulching and curing.

Among the chemical characteristics of the both experimental soils, the organic matters were similar concen-
tration in both locations but effective phosphorous contents were higher in Oxford in the United States.

Plant height, length and width of the largest leaf, leaf thickness, and midrib ratios were larger in Oxford than
in Suwon in Korea. Also they were larger in non mulching system than in mulching system. But the total
numbers of the leaves were decreased in non mulching system. The content of nicotine was higher in the plant
grown in Suwon than in Oxford. The concentrations of nicotine and sugar tend to increase in mulching system
comparing of non mulching system.

During the growing, the concentration of non-volatile organic acids was higher in Suwon, while it was lower
in cured leaf produced in Suwon. Also the contents of total fatty acids were lower in the harvested leaf grown
in Suwon, but not in cured tobacco. Forty three compounds identified among the volatile oils from these
experimental samples were quantified. The concentrations of the major components related to the tobacco
flavour such as damascone, damascenone, solanone, norsolanadione, and megastigmatrienones were higher in
the cured tobacco produced in Oxford rather than in Suwon.
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Table 1. Cultural conditions of each location.

LAT. Soil type Row.& plant Plant
. . . NS Remaks
Location & Parent Texture spacing density  Fertilization (Treatment)
Long. material ¢ (cmxcm) (plt./10a)
Korea 37°16’ . Sandy Basaldress  Mulching
4
(Mulching) 129°59’ Granite loam 96 x 42 2,480 Orne band Non-riulching
USA 36° Silt Basal & Mulict ing
(Non-mulching) 78°16' Diorite loam 114x 56 1,566  Side dress Non-mulching
Two band

o

g 1,566 k3 Alv AL AAA o Aoz =
chglch el BT Bf#h k#Ql 105¢mX 42em
(22678 /10a)2 AL 53] BiS @|/EF= A
of wiutz{dt Aoz el =% ABEER
R P4 BEE X dFaov REE &
Bt EBEE 2 Efgstz e BWN%E Leach-
ing & Ztabsle BREE 3 vk

wHERl, %o LERS RS BLe £ 29 29
13 2ol BiEET L2 BEx 510~544 &4
Hietold on] FRAPHARS AY vxdlgiow &
BB ES Wik 5 —F AYRAE doiA
#ERo] 128ppm, ¥EHe] 223ppmo g  FEEe]l A
33 ¥ dbw WEEHAES ok BE, HC
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Fig. 1. Comparison of physico-chemical properties

of field plot soil in Suweon.

Table 2. Comparison of physico-chemical properties of field plot soil.

Loca- zl':: i, | Sampling pH T-N O.M P05 Exch-cation (me/100g)
tion wﬁos;l time H,01:5 % % ppm K Ca Mg Na
Prefort. 5.10 0077 102 1282 060 203 101 0.9
NEE 0.083 - 1136 096 206 130 0110
u| 483 0.095 - 101.2 078 186 100 0.097
RLAREEE 0.095 - 621 073 183 096 0.090
ul| 468 0088 - 420 043 186 088 0068
samgy [P |6 |k 452 0100 - 884 074 177 085 0085
Korea | " ° | fert. ul 481 0021 271 2519 089 220 115 0.8
(Week) | (k| 494 0083 324 1634 088 221 137 026
ul 496 0.093 320 1786 070 223 122 025
o lk| 4t 0077 295 1053 067 183 116 0.12
w| 505 0.098 276 1206 048 202 118 013
o K| 499 0084 316 1878 070 205 1.14 0.6
ul 470 0.136 245 3237 063 222 115 0.14
14 t 4.69 0.082 220 1282 0.61 1.87 104 015
Sandy | Prefert. 544 0.051 110 2225 0.3 046 022 0030
USA i‘i’l":m“ :;s:' L |k 482 0052 225 4065 074 053 033 0.130
ul 494 0.048 208 3721 039 048 027 0820
loam (Week)

* k(Korean, Mulching), u(USA, Non-Mulching)
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Table 3. Design of fertilization.

(kg/10a)
Amount of Amount of element
Location Kind of fertilizer fertilizer
applied N P05 K,0-
Barn manure 1,200
K Plant ash 100
orea Compound fertilizer 125 12.5 12.5 25.0
Ratio 1 1 2
Ammonium nitrate 20.5 7.2
(2.9
Double superphosphate 16.3 7.2
USA (2.9)
Potassium sulfate 40.8 21.6
(8.6)
Ratio 1 1 3
*( ): Additional amount of fertilizer applied.
B3t 2 s Mg 2 & 33 ok | 30t
BEA OEAEEE 1:1:29 HE=2 10aE 125 U. Max. iﬁ]’;er(r;g;ma)
kg2 Eitz Fx glon gaiRez 10aE EF 8—eU (USA)
£ 125kg v 2 FolA drYole] A4 60%
3 Fid wdA EHES N.P.K 9 RS 1: 20¢
1:3¢ W2 10a% ERE 65~T2kg e ¥+ O
I BRE 30~40%T Fx ek = EKEY T £
B Ammonium nitrate & NO;~N 17 NH,-  § |
N 17%% =l¢] 3la Double superphosphate (45~ § K. Mj:;
46 %) ¢} potassium sulfate (50~53%)& HMASIL &
slow Ca, S, Mgt fHsIR Qo] EEEAE Z
£} dgle 2#me s @ke) EHS BES & 0L ,
\
HEo2 53kg, MEE 34kg/10ad o F2 Y o’ 9 ,
1 L 1 1 A 'l

o} webd BE BSHA-E EHel BTEE ¥
& o 10a% Z2FE 125kg 10a M-S E# YK
ol el @EEolor & ACE A

MRS SEPES £ 49 Zoh A REH
A &L HERES ¥ la EEL ®B¥HE
BRIEES stx A& Aol BHHEFEKEL =ach

miR Hh B BEAGE »d 1YW 29
o}, #Bfo] Wyt 3~4C AE vl B
3 LS EEd KA Al HER.R

Table 4. Chronicle of cultural managements.

Fig. 2. Monthly changes in temperature.
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< HEstd 29 33 2H, &5y £4518 BN
B 1,290mm 2A 2 T4 mEMH 6~8AH4
#Ehsln glen] E£EHE 1,072mmE4] &£ 3=

Location Type of cuitivation Seeding Transplanting Layby Topping
Korea Compromised mulching Feb. 20 Apr. 19 May 1 Jun. 18
Non-muiching Mar. 5 May 3 May 12,27 Jun, 27
USA Compromised mulching Mar. § May 13 2 times July 10
Non-mulching Mar. § May 13 2 times July 10
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Fig. 3. Monthly changes in precipitation.

Table 5. Morphology of seedling at transplanting.

A SEe] Yol @EEY 1HE, BRENH S
R RiFste elEE F3lch

A BREE £FRES £ 59 2t 8BRS
E#H 2719 HE BEst, ERE B -t &R
H BE AME BESH B4t LaybyX: 2-33
Hhshed BEGY 27 st Al el b
£ 24 Mr o H5d Aoz Az

Btk 4589 £BFKRIS HEstd £ 630 2
o, #EI $REe Xl A1 2L HBF) <
7 wskel BRIEY] ER EE K BEe] XM
et gloy BEEY hEHRS Kol ok

Height Height

The largest leaf Dry Wt. (g/plt)

. Type of No. of Leaf -
h Width
Location cultivation M 2 leaves area Lengt idt Position Top Root T/R
cm cm cm cm
Compromised 4 137 77 817 108 53 42 0380 0.5 2.1
mulching
Korea Non
. 2.2 15.6 8.6 157.2 144 7.4 4.3 0.556 0.16 3.4
mulching
ised
USA Compromised g . 5,8 g5 - 179 79 43 0930 0.11 8.2
Non-mulching
* (1) ; From cotyledon to meristem
(2) ; From cotyledon to the tip of the largest leaf
Table 6. Morphology of plant at 45th crop day.
. Stem The largest leaf Leaf Length Midrib
Location ::rli,llt);/:tfion I?:::;‘ t dia. E:‘;;f Length Width LW thickness between ratio
(cm) (cm) (cm) (mm) nods (cm) (%)
Compromised 35.1 1.93 26.8 47.0 242 194 0.40 2.7 30.9
mulching
Korea .
Non-mulching 60.5 2.24 28,5 48.9 246 1.99 0.38 2.8 30.4
Compromised 505 513 265 454 267 170 045 2.8 356
USA mulching
Non-mulching 56.4 2.61 26.5 58.7 32,7 180 047 2.4 37.8
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Table 7. Morphology of plant at topping.

Type of Plant Stem Stem No.of Harvested The largest leaf Leaf
Location yp. . height height dia. ) Length Width thickness LAI
cultivation leaves leaves L/W
(cm)  (cm) (cm) (cm)  (cm) (mm)
Korea  Compromised o), 1184 24 304 182 546 287 190 036 2.64
mulching
Non-mulching 1529 116.7 2.5 27.0 16.6 61.2 29.1 2.10 0.36 2.07
ised
USA ~ Compromised .3 1189 26 315 195 583 336 174 045  2.36
mulching
Non-mulching 156.6 115.2 3.0 29.1 19.1 68.1 37.5 1.82 0.49 2.41
Length s o
. Typeof between M.ldnb M“.mb Budding . Harvesting date
Location o dia, ratio Flowering days —f/—————r
cultivation nods (cm) %) days Initial Final
(cm) 0
Korea  Compromised , 4 116 330 51 58 7.6 7.28
mulching
Non-mulching 3.4 1.20 345 47 56 7.13 8.3
USA  Compromised o 130 376 49 59 725 830
mulching
Non-mulching 4.2 1.60 398 49 59 7.25 8.30
K (Mulching ) 0——0 Korea mulching
o0 L
U K K U U (Non-muiching) o----3U S A mulc .
T Ko £ Ko
120 vwsa Stem dia. ,P
}tStem ht. 24cm s Harvest leaf."
K Lo .
100 1184em ' 182 Ao
90 '9
Leaf length o "p ,"
120 54.6cm ,/ Leaf width @ Thickness [
’ s ’ PR S S SN S | IS WY WA SO R S |
moli \5" 28'&' 0'36(2.4' seedling 4 8 cured leaf seedling 4 8 cured leaf
90 P % T.nitrogen _q % .
’ 5.0 A Nicotine
120 Midribdia. ¢/ Midrib 0 gopen,,
1.16em 33.0% & 58% 3.0
’ ’ : /]
100 ]
90 1.0
Fig. 4. Comparison of growth characteristics at seedling 4 8 cured leaf seedling 4 8 cured leaf

topping stage.

Table 8. Comparisons of yield and quality.

Location Type of Yield Price Value
cultivation kg/10a Won/kg 1,000 Won/10a
Compromised 213.5 2,168 4629

Korea  mulching
Non-mulching 185.6 2,140 3972

i Koo a8 1d
ﬁo] ool 57

IE M 15

5 zro] BHTEMIHA=
BRIEE XMWl gtevd 2 E:

%  Ether extracts
7.0T

5.0
3.0
1.0
1 1l 1 J P 1 i1 1 J 1
seedling 4 8 cured leaf seedling 4 8 cured leaf
Fig. 5. Changes in chemical component during

growing stage.
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Table 9. Physical properties of cured leaf.

T ¢ Filling value Combustibility
Location yl]:e ot'o (cc/g) (min-sec/3cm,
cuftivation Thick leaf Thin leaf Thick leaf Thin leaf
Compromised 3.589£0.055  3.614£0.069 9'13"£13" 9'10"+11"
Korea mulching
Non-mulching 4.016£0.094 4.566+0.005 9'01"£08" 9'02"+09"
chigled, REMAZE MR =T MEHEL
o7k Eokth MEMAS RS —wd fmel gle 50}
2E% SRS 2o R &Ho] Eokd sk
Jzel 482 BEH ok EmEel vy K
ERMFZE HBEEAA it & AFRRS B 30k
A EHEAEEL BE oo wRlRw ol B 20l
B7b @A uebdeh Ether fithyre %Hel ¥3tx 8 SR g
@] stotor MpEE HEENS & MM 0§ Kgie nonmuluns
2 wel v} BHE% 50~608 & BHTEMIA L
e @Emsls A Kk, HEES 2E%H: seedling 4 8 weeks cured leaf

WAstn Jael, 28 9 Ether iy Emste
fEm-E 2gvh #s] SWEE Lo #gEHEAY F2
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t& 2d % 103 2¢ 673 2ol ZIEESHH

Fig. 6. Changes of total nonvolatile organic acid
content during growing stage.
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Table 10. The organic and fatty acid content of flue-cured tobacco in growing stage.

(mg/g)
Composition Seedling 4-Weeks 8-Weeks Thick leaf Thin leaf
U K U K U K U K U
Oxalic 5.64 7.51 9.48 10.01 9.42 9.55 7.00 5.74 7.17 6.07
acid 7.41 10.57 15.65 7.41 10.46 6.11 - 7.25 8.51
Malonic 0.32 0.38 0.62 0.68 0.96 3.36 4.21 3.31 4.70
acid 0.36 0.57 0.53 1.40 1.55 6.82 - 6.90 7.25
Fumalic 0.52 0.38 0.44 0.21 2.96 0.93 — - - -
acid 0.50 0.99 1.23 0.40 0.53 - — - -
Succinic 1.41 1.00 2.37 1.34 1.19 2.01 0.27 0.31 0.28 0.79
acid 1.37 4.96 8.98 1.01 1.33 0.62 - 0.73 0.62
Malic 33.79 31.31 2275 31.80 3796 41.88 2270 27.24 23.57 26.68
acid 28.79 22,68 31.50 11.30 20.10 19.44 - — —
Myristic 0.17 0.17 0.18 0.20 0.26 0.40 0.16 0.18 0.21 0.21
acid 0.09 0.58 0.51 0.26 0.21 - - - -
Palmitic 4.32 3.38 477 4.22 5.06 5.30 2.37 233 261 2.16
acid 2.83 6.47 5.89 4.49 4.18 2.86 - 2.97 2.71
(Stearic + 2.43 2.16 2.59 2.29 2.80 4.11 1.48 2.09 1.76 1.74
citric acid 1.32 4.62 3.72 2.74 2.70 4.55 - 2.21 4.27
Oleic 2.00 5.58 6.80 10.53 4.53 8.75 2.54 3.60 3.03 3.21
acid 3.19 6.13 11.41 2.64 4.03 2.27 - 3.47 4.80
Linoleic 2.51 2.01 2.33 1.53 2.24 2.01 1.78 2.07 2.28 1.94
acid 1.68 T 3.57 2.98 1.90 1.92 1.55 — 1.51 1.60
Linolenic 18.82 1098 17.77 13.74 18.94 1582 7.36 9.01 9.52 8.37
acid 6.79 28.99 23,04 18.29 17.53 3.89 - 3.55 4.41
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Fig. 7. Changes of total fatty acid content during
growing stage.
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Fig. 8. Gas chromatogram of neutral volatile essential oil in flue-cured tobacco (NC2326)
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Table 11. Changes in volatile neutral component in growing stage.

(ug/g)
; Cured leaf
Seedling 4-Weeks 8-Weeks
Peak Name Structure ;o‘rlvmula Thick leaf  Thin leaf
No. Y " U K U X U K U K U
10  Protoanemo-  [=] CsH,40, 039 093 040 095 0.4 048 049 058 0.53 051
nin 070 96 010 048 0.9 050 061 127 — 063 061
11 r-Butyro- CL C4HgO, 196 1.09 076 2.13 121 130 149 153 047 049
lactone 0~ 0 86 215 055 055 138 143 155 - 072 053
12 Furfuryl o CsHgO2 0.55 045 050 1.37 020 037 049 065 0.53 047
alcohol o 98 090 044 031 049 031 253 - 080 1.04
13 B-Angelica =L CsHg0) 028 0.8 045 1.01 049 0.14 067 0.72 067 0.61
lactone 00 98 0.16 023 0.19 099 039 050 - 062 062
14 4Ketoiso- Zj:o CoH;,0 030 022 036 042 048 050 0.76 057 0.67 0.62
phorone o 152 0.13 050 035 052 059 086 —~ 070 0.63
15 2]-(Meotl_‘113:§-3 o CsHg O, 0.3 0.0 0.5 015 020 0.12 025 021 022 0.19
Ket -
dihydro IOI 100 005 020 012 037 045 027 - 018 0.17
furan
16 zﬁﬂlygroxilhme- Iny CsHgO; 0.09 0.12 0.16 050 0.05 0.17 0.33 027 030 0.30
yl-§-meth- H -
yltaran o ~0 112 035 0.2 0.14 037 041 1.25 0.73 0.64
0
17 Solanone /V\/Xv& Ci3H;20 205 2.25 460 572 359 508 7.81 521 795 531
194 847 482 431 4.65 4801558 — 1657 21.14
18 Benzylace- . CoH ;902 -~ - 007 0.0 0.03 004 0.12 0.05 0.4 0.04
CH,00CCH
tate @ 2 ¥ 150 009 0.2 0.6 0.11 022 011 - 0.0 0.8
19 17-Methy- CyoH3sO 0.2 0.17 0.13 0.06 003 007 - 008§ - -
ene AR 196 - 011 -~ 013 018 010 - - -
tridecane
o}
20  Damascone Erv\ Ci13HpoO 0.0 0.14 020 023 021 023 0.55 057 050 052
192 - 022 025 036 039 031 - 032 039
o
21  Damascenone ijfv\ Ci3H;s0 225 524 155 508 184 3.03 922 947 9.64 1025
190 1.80 179 148 490 572 9.2 - 1078 9.35
22 1-Hexanol AA-CH 0H CeH 140 0.90 0.14 132 0.63 029 0.10 0.19 0.07 0.19 0.12
102 058 010 034 000 071 -~ - - -
23 Gerany 0 Ci1aHpO 034 041 027 032 005 0.8 0.1 013 007 0.13
acetone AAKAAN 194 037 003 037 018 021 007 - 006 -
24 Benzyl OH CqyHgO 0.39 1.04 250 226 0.65 1.71 954 11.62 8.11 8.28
alcohol @A 108 067 235 139 673 828 9.84 - 601 399
OH
25  Solanol */ng CisH,sO 013 0.7 055 0.68 004 014 —~ 005 - 001
196 0.18 068 041 015 - 009 - 009 0.10
26  Phenethyl @\/OH CgH1O 0.19 0.63 087 2.09 040 1.16 4.96 6.70 420 524
alcohol 122 108 091 094 296 395 225 - 211 1.25
27 Neophy- ,//\,f\/\,}a C20H3s - - - - - = - - = =
tadiene i i 278 166 1945 019 514 2521890 - 27.15 43.76
CH3 CH -
28 B-lonone 3 Cy3HoO 089 057 0.86 092 098 070 032 051 040 031
HCHs 192 0.17 1.06 0.86 058 053 020 -— 023 0.19
CHy
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Cured leaf

Peak F Seedling 4-Weeks 8-Weeks
Neo Name Structure M°;vm“h Thick leaf  Thin leaf
) o U K U K U K U KX U
29 1377, CiaHz00, 075 256 083 991 0.12 0.65 1.07 1.02 084 1.10
Tetramethyl-
goramethy™ m 208 269 062 048 0.61 050 508 — 229 196
bicyclo-(4,4,0)- 0°~T0
dec-5-one
30  2-Pymol- = CsHgNo 032 034 - 014 005 004 - - _—  _
carbox-
aidehyde H ~CHO 95 - 004 - 003 - 005 - 003 006
31  4-hydroxy- . CgH140, 058 022 033 034 025 019 - - — -
Z-nonenoic ~~Lo 154 046 013 043 — 040 - - - -
32 P<Cresol —@—on C,HgO 0.10 0.09 0.18 015 0.18 022 027 020 0.27
108 - 008 - 019 014 013 — 0.8 0.10
33 Dehydro- Ci3H;30 021 037 036 194 041 081 0.76 1.07 0.72 1.08
AN
B-none 190 104 044 028 055 044 059 — 0.68 061
34 Oxysolanone o} /\/g Ci2Hz00; 034 0.63 0.52 0.64 0.80 0.69 131 066 1.19 0.70
Cromolanadi- A 196 193 055 064 088 1.07 2.04 — 147 399

o0 Korea mulching
©0---0 USA muiching
&—a& Korea non-mulching
&---6 USA non-mulching

ngle
0.6 uglg
0.5 10
04 W d and 8 .
0.3 ;’xﬁ‘ T £
0.2 4 <5
0.1 2
1. i 1 i i 1 1 A i i 1 1. 1 1
seedling 4 8 cured leaf  seedling 4 8 cured leaf
Damascone Damacenone

22J:

Y (4
;
4
2
1 i 1 1 i [y i 1 I} ! i 1 L A
seedling 4 8 cured leaf seedling 4 8 cured leaf
Solanone Oxysolanone
E
6 30
5 25
4 20
3 15
2 10
1 5
seedling 4 8 cured leaf seedling 4 8 cured leaf
Phenethyl alcohol Neophytadine

Fig.9. Seasonal change of volatile neutral com-
ponent in tobacco.

woh RE AR ¢ MEEES Afimoe R
Mg 2T 2 Hme wyish #EA4 £ Da-
mascone, Damascenone, Phenethyl alcohol %
Neophytadine %e¢] =5ti EEH A + Solanone,

Ozxysolanone %ol F3tvh KRR  HigEik
KT ER7 R HEFY: e WAk Bo &
B K ol A ddeie] REERE
oS BRRRE Solol stW =g whl: M et
ZelA E#(Curing) BEG Ykl AEKS o]
Bgtow mMHE %9 EEUE BEEMOI K
B Batslolor A REHKES THEYE Aoz
A 2 jket,

i =

el ol2 BREH [ REBRS B B
B ol 4F, £l 2 g3y LHC H: &
8L wisty BAA RXBHES L8N @O ke
ol &3k e KE HEE Jddy HHd axe
# ERE BAESY ERE S99 AHS kE}n
2 HEE NC2326 % #txRsld HEERE, miLE,
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e
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2 JkEe] Oxford ¥.r} of MMt ik

3. #E o= Oxford 7} o7k Wor BEMHHE
KE®R T el

4. A% BESfE Oxford7l 47t Fov £FH
BEd BRES &£t Oxford 7b 1,070mm, K&
1,327mm 24 Oxfordv ZLEA #AfHslel Aoy
KE-L m#fpel #£ip HHEE Yo

5 BmiEpe 27l HE-E Oxford 7F E3keh

6 FHE, gAY LR, ¥R, ¥E, pEBHFEE
KRR o} Oxford 7} Fow] HHFEHE/F HHE L
8 =t

7. Nicotine B B-& KEe] %2 #HERE ¢
oktch,  Nicotine 3 H& &S #HEENA =gkeh

8 4EBERERD HREARS KEo Fidovd &
ol A iotow, mEEEANA Ut BHRER
2 kEel wgton) EEdl A oo SBHEHEL
=2 famelgith

9. Jhl KBRS P 43 4R 8BS SEERESH
ok kEel $& AFgolgleon K HEExRT &
HEESL HEne g Eokch

10. H#Emsf Damascone,
Phenethyl alcohol ¥ Neophytadine %2 #&Eo]
=& Ao} Solanone 7 Oxysolanone HL %
Eo) ¥& fmolgich

Damascennoe,
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