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- Cluster Analysis and Growth Characteristics of Hemp
(Cannabis sativa L.) Germplasm
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ABSTRACT In order to breed hemp variety with non-
drug type adapted to Korea, a total of 44 accessions were
introduced from Center for plant breeding and reproduction
research (CPRO) in Netherland and evaluated for plant
growth characteristics and contents of cannabinoids such as
tetrahydrocannbinol (THC), cannabidiol (CBD), Cannabinol

(CBN) in Korean climatical and geographical condition.

1. In Korean geographical position which latitude is
34°N, days to flowering and stem length were shorter
than in Netherlands which latitude is 52°N. But THC
content was not shown significant difference between
two areas.

. Corrected accessions of hemp were classified into 3
variety groups by cluster analysis and 4 accessions in-
cluding Korean local variety were not classified into
any variety group.

. Most hemp accessions have low THC contents but
were not suitable for fiber production in Korea due
to short days to flowering and stem length.

. Among the introduced accessions, IH3 was suitable
for breeding material of fiber hemp with non-drug
type because of low THC content and similar days to
flowering with Korean local variety.
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Table 1. Collecting areas and latitudes of introduced hemp accessions.

Collecting areas No. of accessions Collecting latitude (°N)

Collecting areas  No. of accessions Collecting atitude (°N)

Germany 5
Northern Russia

Central Russia

2
6
Southern Russia 2
Romania 2

1

Japan

39~59
47~59
47~52
39~47
39
35

Czechoslovakia 3 50~53
Turkey 3 47
Poland 5 47~53
France 1 48

Hungary 14 39~47
Korea 1 35

Table 2. Operating conditions of gas chromatography for cannabinoid analysis.

GC model Carrier Column Flow Detector - Temperature (C)
gas rate Injector Column Detector
Varian 3% OV 17, . 1
3400 N2 2 m Glass 20 mé/min FID 220 240 260

'FID : flame ionization detector.
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Fig. 2. Difference of days to flowering by cultivated areas of
hemp which were collected various areas of latitude.
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Fig. 3. Difference of stem height by cultivated areas of hemp
which were collected various areas of latitude.
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Fig. 4. Difference of content of cannabinoids by cultivated
areas of hemp which were collected various areas of
latitude.
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Fig. 5. Relationship between latitudes of the collecting area
and flowering days of hemp accessions.

Table 3. Correlations among major characteristics of hemp.
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2) 3) 4) 5) 6) 7 8)
1) Days to flowering 0.71%* 0.54** 0.74%* 0.67** 0.56%* 0.03 -0.17
2) Stem length 0.88** 0.92%* 0.93** 0.61** 0.10 -0.23
3) Stem diameter 0.86%* 0.82*%* 0.40** 0.14 -0.18
4) Fresh stem weight 0.95** 0.58** 0.21 -0.18
5) Fiber yield 0.53** 0.26 -0.18
6) CBD” content 0.20 0.30*
7) THC® content -0.09

8) CBN" content

“CBD : Cannabidiol, *THC : Tetrahydrocannabinol,

*CBN : Cannabinol
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Fig. 6. Dendrogram of introduced hemp germplasm by cluster analysis.

Ao g T&HE r=0.8022 AS 10 1
F 27 o9l BFo] TP AL
a3t 37 FFTOE ol
FZol9rt. £YZI A
YoR TIEHES Pou
1 te thoel 29380l &

o} Aol MZekn THC ¥

A of
}L

‘\I"IT% E‘O

HollA =2 =] o] 7H£}i

Fol H7l gEd AL

TREH R ERE &4 F5IH EFTO) &34 ¥
AEQ) Mthe A4, AR U cannabinoids 3FFE H 49}
et o2 B ASL 99 E9F0|gleT oA
o] THC e 23] FYA|gh Asth eldol Aol 2zt

7 29~40%, 36~
2 2ol M4 g 2

73 cmE BT AGSFE 6~27 ke/l0a
ETo2 HFstA Ytk 12

o BRHE AEL 30749 ol Matreds
o} AAfol ztzh 35~509, 82~142Y0|Y 1 ALk



488 OHZIX|(KOREAN J. CROP SCI.), 51(5), 2006

Table 4. Days to flowering, stem length and cannabinoids content of three variety groups and four varieties that were not

classified to any group by cluster analysis

Variety groups No. of accessions  Days to flowering

Stem length (cm)

Fiber yield (kg/10a) THC content (%)

I 9 29~40 36~73 6~27 Trace ~ 0.28
11 30 35~50 82~ 142 31~122 Trace~0.27
1 2 35~44 112~121 135~ 144 Trace ~0.02
IH43 1 47 100 54 1.81
H 3 1 122 191 215 0.11
1H17 1 56 177 179 0.08
Lv' 1 120 239 229 2.12
"LV : Local variety
31~122 kg/10a® Zil Aol {8 FFo8s HFsHA| H 2
RSANE 24 WY FAE BFORE ol 87FsA0] %
& Hoz Azt MZ2OT B85 ASL 2709 %9 A opeky tiop FF £l &5kt vldgt= CPRO
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Appendix 1. Growth characteristics and cannabinoids contents of introduced hemp accessions.

Introduction Collecting SE? Flowering SL? SD* FYY Cannabinoids contents(%)
No. area dates (cm) (mm) (kg/10a) THCY CBD"
IH1 Germany D' May 20 70 4.6 16 0.02 0.21
1H2 North Russia D May 11 36 3.2 8 T 0.21
IH3 Japan D Aug. 11 191 9.1 215 0.11 2.14
TH4 Central Russia D May 13 56 4.5 8 0.14 0.64
IHS Germany D May § 106 8.4 100 0.12 1.57
1H6 Turkey D May 30 142 8.4 122 0.18 1.98
IH7 Turkey D May 30 138 7.5 88 0.27 2.49
TH8 Hungary D May 28 100 6.9 54 0.03 4.77
TH9 North Russia D May 9 38 33 6 0.03 0.18
IH10 Hungary D May 20 97 6.7 60 0.08 0.70
IH11 South Russia M* May 25 89 5.7 54 0.09 0.46
IH12 Central Russia D May 13 56 45 8 0.14 0.64
IH13 Central Russia D May 19 64 5.1 27 0.18 0.78
IH14 Hungary D May 26 87 6.7 44 0.09 0.50
IHI15 Hungary D May 26 107 8.1 73 0.10 0.40
IH16 Central Russia M May 13 67 5.5 23 0.28 0.67
IH17 Turkey D June 5 177 9.1 179 0.08 1.45
IH18 Central Russia M May 19 64 4.9 24 0.09 0.31
IH19 Poland D May 18 92 6.6 71 0.09 0.39
TH20 Czechoslovakia D May 19 122 7.6 117 0.13 0.97
IH21 Poland D May 18 96 6.7 81 0.02 0.25
IH22 Romania D May 24 107 7.7 77 0.11 0.47
IH23 Hungary D May 24 122 8.0 144 0.18 0.76
IH24 Hungary D May 25 109 N 79 0.03 0.39
IH25 Hungary D May 25 125 8.7 92 0.07 042
1H26 Hungary D May 26 110 8.5 104 0.11 0.23
1H27 Hungary D May 25 109 79 77 0.05 0.40
TH28 Central Russia M May 13 56 4.9 23 0.11 0.24
IH29 Poland D May 19 89 5.8 85 0.08 0.39
TH30 Poland D May 18 98 6.4 74 0.06 043
TH31 Poland D May 15 83 6.1 69 0.06 0.44
IH32 France D May 1 121 6.4 135 0.18 0.91
IH33 South Russia D May 26 102 73 71 0.11 0.50
IH34 Hungary D May 19 97 7.0 56 0.13 0.57
IH35 Czechoslovakia D May 19 111 7.7 88 Tr 0.77
IH36 Germany D May 24 93 6.6 72 0.14 0.77
[H37 Germany D May 25 86 6.3 31 Tr 0.25
IH38 Hungary D May 23 82 6.2 50 Tr 0.11
[H39 Hungary D May 24 104 7.8 88 Tr 0.28
1H40 Hungary D May 19 108 6.7 88 Tr 0.10
1H41 Germany D May 19 98 6.5 52 Tr 0.06
1H42 Hungary D May 19 111 7.2 77 0.02 0.05
1H43 Romania M May 19 109 6.9 100 1.81 0.41
1H44 Czechoslovakia D May 26 111 7.7 88 Tr 0.77

Local variety Korea D Aug. 8 228 93 229 2.12 023

*SE : Sex expression, 'SL : Stem length, *SD : Stem diameter, "FY : Fiber yield, "THC : Tetrahydrocannabinol,
"CBD : Cannabidiol. 'D : Dioeciousness. "M : Monoeciousness. "Tr : Trace



