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Abstract

This study was carried out to obtain the basic information for the development of new ginseng
varieties. The two variants (violet-stem variant and yellow-berry  variant) of Korean ginseng
(Panax ginseng C.A. Meyer) and American ginseng (Panax quinquefolium L.) of one to four-year
were used for this study.

All of the characteristics, such as leaf length, leaf width, petiol length, number of leaves per
plant, number of leaflets per plants, stem diameter, stem length, number of stems per plant, root
length, primary root length, root diameter, root weight were determined and correlations among
them were estimated.

The results obtained were summarized as follows.

1. Leaf length, petiol length, number of leaves per plant, and number of leaflets per plant of
Panax ginseng, violet-stem variant and yellow-berry variant, were larger than those of Panax
quinquefolium at all of the plant ages, while leaf width was wider in Panax quinquefolium.

2. The length of stem of Panax quinguefolium was shorter than that of Panax ginseng, and
the frequency of multi-stem plants at 4-year-old ginseng was larger in violet-stem variant
than in Panax quinquefolium and yellow-berry variant.

3. In the characteristics of ginseng root, the primary root length of Panax ginseng, violet-stem
variant and yellow-berry variant, were less than that of Panax quinguefolium, while root
weight, root diameter, and number of secondary root related to yield were larger in Panax
ginseng.

4. The root weight per plant related to the yield had positive and highly significant correlations
with stem diameter, leaf length, leaf width, number of compound leaves and leaflets in
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Panax ginseng and Panax quinquefolium.

5. The root weight related to the yield of ginseng had been influenced to stem diameter, leaf
length, and leaf width directly, and number of compound leaves and leaflets indirectly.

6. The number, total area and activity of stomate per mm? of Panax quinquefolium were
more, larger and stronger than those of Panax ginseng.
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Table 1. Characteristics of compound leaves of ginseng according to plant age

Species Plant ll:fltgl;)}lle l::;tfh wI:f-latfh No. of No. of
age (cm) (cm) (cm) leaves leaflets
Panax ginseng,
Violet-stem var. 1 5.89 4.34 2.23 — 3.0
2 5.20 9.33 4.17 2.30 11.37
3 8.35 16.07 6.26 4.06 20.66
4 10.70 18.20 7.30 4.90 24.00
Yellow-berry var. 1 5.33 4.16 2.10 - 3.0
2 4.53 8.66 3.92 2.09 9.90
3 8.02 15.27 6.06 3.70 18.85
4 11.30 18.90 7.50 4.80 23.20
Total 1 5.61 4.25 2.17 — 3.0
2 4.87 9.00 4.05 2.20 10.64
3 8.19 15.67 6.16 3.88 19.76
4 11.00 18.55 7.40 4.85 23.60
P quinquefolium 1 6.82 4.89 2.21 — 3.0
2 5.06 9.65 5.11 1.69 7.08
3 9.16 13.88 6.97 3.15 15.55
4 9.10 13.80 7.60 3.60 17.90
L.S.D. (0.05) 2 NS* NS 0.56 0.24 1.36
3 0.69 1.53 0.64 0.29 0.67
4 0.61 1.03 NS 0.19 0.98

* N5: Non-significant.
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Table 2. Variation of the compound leaves of ginseng according to plant age

Species Plant No. of. plant No. of compound leaves per plant
age investigated 1 2 3 4 5 6
Panax ginseng
Violet-stem var. 2 1075(100) 40( 3.7) 749(69.7) 286 (26.6) 0* 0 0
3 216 (100) 0 0 12 ( 5.6) 187 (86.5) 17( 7.9) 0
4 75 (100) 0 0 0 11(14.7) 58(77.3) 6(8.3)
Yellow-berry var. 2 662 (100) 163 (24.6) 479(72.4) 20( 3.0) 0 0 0
3 316 (100) 0 0 82 (25.9) 191 (60.4) 43(13.6) 0
4 75 (100) 0 0 0 18 (24.0) 57 (76.0) 0
Total 2 1737(100) 203 (11.7) 1228(70.7) 306 (17.6) 0 0 0
3 532 (100) 0 0 94 (17.6) 378 (71.1) 60(11.3) 0
4 150 (100) 0 0 0 29 (19.3) 115(76.7) 6(4.0)
P. quinquefolium 2 316 (100) 112(35.4) 202(63.9) 2(0.7) 0 0 0
3 193 (100) 0 17 ( 8.8) 160(82.9) 16( 8.3) 0 0
4 54 (100) 0 0 21(38.9) 31(574) 2(3.7) 0

Numbers in parenthesis indicate per cent. *: Non-discovered
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Table 3. Characteristics of ginseng stem according to plant age
Species Plant di:::tler lit:gnt]h No. of
age (mm) (cm) stems
Panax ginseng
Violet-stem var. 2 2.50 7.01 1.08
3 5.09 27.15 1.12
4 10.50 27.70 1.27
Yellow-berry var. 2 2.36 4.76 1.00
3 4.61 21.86 1.00
4 10.10 28.30 1.01
Total 2 2.43 5.89 1.04
3 4.85 24.51 1.06
4 10.30 28.00 1.14
P. quinquefolium 2 2.50 5.44 1.00
3 3.86 15.13 1.00
4 5.60 19.50 1.04
L.S.D. (0.05) 2 NS* 0.74 NS
3 NS 3.28 0.03
4 0.77 2.84 0.07

* NS: non-significant
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Table 4. Frequency of the multi-stem per plant according to planting position and plant age
in Jeungpyoung and Pcheon

Plant Place Planting position (line)

age investigated 1 2 3 4 5 Mean (X)

4 Pocheon 8.99 8.99 11.63 11.63 5.81 9.41
Jeungpyoung 8.33 9.14 10.48 11.29 5.38 8.92

X 8.66 9.06 11.05 11.46 5.59 9.19

5 Pocheon 35.39 36.61 25.02 24.10 28.07 29.84
Jeungpyoung 42.20 51.08 41.67 34.62 30.38 39.57

X 38.79 43.89 33.34 29.36 29.22 34.70

6 Pocheon 39.03 34.59 24.70 17.29 26.19 28.36
Jeungpyoung 57.31 33.33 38.30 28.07 25.44 36.49

X) 48.17  33.96 31.50 22.68 25.81 3243

Numbers indicate per cent.
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Table 5. Characteristics of the root in 1-year-old Panax ginseng and Panax quinquefolium

Root Root Root
Species diameter length weight
{mm) (cm) (g/plant)
Panax ginseng
Violet-stem var. 6.8 16.3 14
Yellow-berry var. 7.1 15.5 15
P.quinquefolium 6.5 171 1.4

Table 6. Characteristics of the root in 4-year-old Panax ginseng and Panax quinquefolium

Root Primary Root No. of Root
Species diameter root length  secondary I%?la‘s’f weight
(mm) length (cm) (cm) root (g/plant)
Panax ginseng
Violet-stem var. 23.1 6.8 274 2.3 1.3 61.7
Yellow-berry var. 24.2 6.3 217 2.0 11 64.7
P. quinquefolium 21.0 8.0 27.4 1.6 1.0 47.7
L.S.D. (0.05) 1.5 0.88 NS* 0.44 NS 5.57

* NS: Non-significant

154 @] HEES v9 Rafy BRES SEAES &M@ 7.1mset 1.5080 2
A EwEIGoY RES ERAZC 17.1mE 742 7 tHEolglek(Table 5)
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Fig. 1. Frequency distribution of the root Fig. 2. Frequency distribution of the root
weight in single-stem plants of 6-year-old weight in multi-stem plants of 6-year-old
Panax ginseng. Panax ginseng.
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Table 7. Correlation coefficients among agronomic characters of 2-year-old Panax ginseng and

Parnax quinquefolium

Stem  Stem  Petile  Leaf Leaf No.of  No.of
Cheracters species  diameter length length length width leaves leaflets
I II I v A% VI vl
A 0.299* 0.273* 0.279* 0.071 0.027 0.111
1 B 0.247 0.286* 0.288* 0.329* -0.035 0.165
C 0.063 0.246 -0.241 0.272 0.202 0.160
A 0.345* 0.140 -0.001 0.394**  0.425**
Il B 0.331* -0.480* 0.001 0.243 0.234
C 0.106 -0.124 ~-0.018 0.580**  0.583**
A 0.469**  0.454** -0.259 -0.265
I B 0.372* 0.327* -0.259 ~-0.271
C -0.144 0.289* -0.043 0.199
A 0.788** -0.474** -0.412**
v B 0.634** -0.095 -0.056
C -0.235 ~0.572**  0.144
A -0.626** -0.632**
\% B -0.176 -0.082
C -0.400* 0.323
A 0.906**
Vi B 0.755**
C 0.815**
A: Violet-stem variant (P. ginseng) * : Significant at 5% level.
B: Yellow-berry variant (P. ginseng) ** : Significant at 1% level.

C: Panax quinquefolium
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Table 8. Correlation coefficients among agronomic characters of 3-year-old Panax ginseng and Panax
quinguefolium

Stem Stem Petiole Leaf Leaf No. of No. of
Characters Species  diameter length length length width leaves leaflets
1 II 111 v v VI vl
A 0.578**  0.346**  0.499** 0.507** 0.354**  0.300**
I B 0.545**  0.567**  0.530**  0.627°** 0.345**  0.428**
C 0.612**  0.443** 0.082 0.364**  0.395°** 0.327**
A 0.415**  0.467** 0.438** 0.336** 0.317*
I B 0.316* 0.543**  0.518** 0.385**  0.487**
C 0.275* 0.500**  0.437**  0.265**  0.258*
A 0.263* 0.429** -0.055 0.093
nI B 0.319* 0.546** 0.135 0.186
C 0.276* 0.398* 0.045 0.153
A 0.493**  0.004 -0.001
v B 0.575** 0.127 0.142
C 0.530** 0.218 0.214
A -0.132 -0.090
v B 0.080 0.023
C 0.008 0050
A 0.907**
Vi B 0.701**
C 0.797**
A: Violet-stem variant. (P. ginseng) * : Significant at 5% level.
B: Yellow-berry variant (P. ginseng) ** . Significant at 1% level.

C: Panax quinquefolium.

24 ABY bMPES MBS 2d SEAZAA REKELE EWR BRI ¥ R
EiRE FEN 9 NEHS ERRS BR EE5 ERS ¥ES £EEs PEBS E
(+) FBIE bl RE, ERE ER EES FEN NERS £% A(-) 9 ARE vt
Welek(Table 7). 344 A%l MEMMS 4 fEol vixgyt WA Lo TAKLS HAA= i
PR =Teh, EMES ER BEs RS EEsS EERE NERC & o) XT aEe
iF () HBH-S 2oich(Table §. 4 %4 A%2 £F i BHHEAN 2 T HRE] ML &
BAZ EBAL s REXS ER, ERS #Eal, Fe P EES &% GEe E
(+) e e g el s SBAZAAE EER P EEOL vhe BE2E E () HEE 2
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ol K, EBAZ A el elddel. =3 MBS EBERIGE fUTRls SE B4 ®
fERS kel (F(+) S 2.t (Table 9).

Agol Qo] el RBYBLEHE FEM EAFMES el MHMNEE AR st 2 %%
FE ol WitEhiiEos oS Jeiel sk g ¥ v9lshe) KURREE DY MR &

Table 9. Correlation coefficients among agronomic characters of 4-year-old Panax ginseng and
Panax quinquefolium

Stemn Leaf Leaf No. of No. of Root

Character diameter length width leaves leafiets weight
I I 111 v \% VI

1 0.364** 0.200 0.405** 0.301* 0.300*
0.405* 0.377* 0.321 0.301 0.701**
Il 0.820** 0.466** 0.375** 0.576**
0.756** -0.020 0.113 0.510**
111 0.414** 0.431** 0.467**
0.045 0.105 0.593**

v . 0.836** 0.300*
0.890** 0.501**

v 0.276*

0.427*

Upper: P. ginseng  Lower: P. quinquefolium

i Sk BIE-E Mot k() o BGRE Rle FEE JEEE A(-) 2 BRE LA
th(Fig. 3). Spiffo] kel vizlw o3k P,,=0.5750|3 #EL P,=0.374, EREE

Py=0.050 &2 Mg ol fpifisl Eigol 7Ha 2 kg vlIxT ERel W&o ¢+ 9
e mlvlakgdch eu BR VR e MBS WMAHES A% re=0.576

-
0.398, ry=0.3792 #FEel HEMES 29E¥ ohvizl HEMe BER KHERMAe &%
rp=0.661, r, ~=0.7302 ¥& [F(+) HIYE moli, |l o4 TR ER FEEIE ry
—0.933, r;s=0.626, r,=0.678 2 g5ES] (F () HIYE ®olnz4 ol& MHEHel Mkl A
sho} [fEpyo2dEEE vlale Ao EFRcoh

)R RRAES] & FEG M EBEE SRR HMYGRE AaT MR R

o] Wrhwwk b () KIS 2ol MRS SN SRR e WEEN ¥ NERE A A W
el Esh mONe Xodoh shebd Helvh Fan RS Wk RECE @ikEEr] fI A

B ST e] Hwa #el =ar EEE wrob Hfiftel F MMHRS Mfkste Aol whabAg A

A

o 4bmslch EEE MeRel BYELS: EE b LR SONi B B BELS A
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Bol B AT wlAAd EENS ERE TEE ER EES MEA 3T

vRleg 4 YgBelt RHEH FEgtE oAz deE ¢t

Stem
diameter \
1 \
ri;=0.683
Leaf ~0.096
/ 2 :

ry
r..=0.739
P, =0.050 r:3=0.,557

e——P,,—0.374 ro =0 661 ris =0.678
: // /

T~ rs=C.138

\Pu=“0.085\ /\ r75=0.626

No. of
Pss=“0.029 leav;s r7=0’175
\ ris=0.933
No. of //

leaflets

5

Fig. 3. Path coefficient of each characters on the yield. I indicates natural association. p
indicates direct influence.

5. M 5

AEEL COMUEE S 0,2 Wi, ASFERd A% hRKZRE RES ZfTshe W4l
o) #%5#k2 ®wl Tablel103 2o}

ERR S SRR NAES HeE) LY FINRT (mm?) W KALBOT w dSLKEel W2 B
WAL elE fEEAZ R ol kT HEEM SR SEAZ HEMA kd ERAEE BH
49 ol2m olglch RME S COMGE, MRl d3ke Ft EHoE HilLe ®mEG =2
7l W oohvel = oh2 HEM EBWERS T & d-d fE 59 %WiLe E§ Cco, Fi
REES iEME ko] WEMRBIENE 3 RIS HERMESH olF WILEBS] SR
B ERAZ A &k

—REmO T WALel HIE B 2% HoHANAE Hold NEEdwtel ERE JebdE
ohvel HEEEEA weld T ERES2 uol A gloldE el HFlelvt AN B
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Table 10. The characteristics and activity of stomata in leaves of 4year-old Panax ginseng and
Panax quinquefolium

No. of Length of Width of Area of Total area Activity by

Species stomata stomata stomata stomata of stomata CaClz paper
(ea/mm?) (um) (tem) (1em?) (#m?)  (sec.%/28.26mm?
Panax ginseng
Violet-stem var. 30.2+1.58 30.0+0.37 1891021 567.0+7.91 0.171 37.60
Yellow-berry var. 25.0+£091 2984029 174+0.19 518.51+6.87 0.129 56.70
Panax. quinguefolium 37.5+0.96 2531+034 20.3+0.25 513.6+5.69 0.193 29.90

AL BETAE MEMLE IEHY 4 ozl A zbslel, =& WiLY EEES Co,H
oW Aol HE B R dud A BBl A 34 ElASC] GEAEA K
a e e AHA g deog @Esgded ol EBAR] B HHRME =)
= RALBOE RLe) #UAIRGol vkl wioll ERMUFAC 2let b=t Kool cdske R £
o] WiIEAmol Ayl sEed AoR MK

AZ ¥ Carotinoidd B-& FE A%e] GEBALY Y £ R FLER2 SER 2H 7
glslon Mg FEHAL wkudrh(Table 11),

Table 11. The contents of carotinoid, presugar and starch in leaf and root of 3-year-old Panax ginseng
and Panax quinquefolium

Speci Carotenoid Pre-sugar Starch
pecies (mg. 1g FS-1) (mg. mg Dry) (mg. mg™~'Dry)
Panay: ginseng
Violet-stem var. 0.365 + 0.005 0.73 +0.004 12.504+0.45
Yellow-berry var. 0.520 1+ 0.004 0.81 +0.005 11.53+0.51
Panax quinguefolium 0.835 1+ 0.007 0.68 +0.007 17.50£0.73

Thomas (1968) ol 2]3F% Carotinoidel FEFE Rk BT MF2 dckn st %
gl 58 Wil Foll4 FHEAZl GEAZ YL}l Eio] 2R kFo] ey 2L olulECa-
rotinoid®] &3k Yol Uslel, BEIAZC WM+ SBAZEch ¥ 308 %ol @#
A o0l AL ERAZe] EEEhio]l wadE e MM 2 dieloh abeh4
A EME o RrEREr el i W ol = ob ABH{Eel W BUMRE vl R
slek

I OAEMMN Fo EES BT AT AT Amylasel&tE XEIAZo] EEAZE
o} IEsroow S AT A ‘;\’éfﬁfiol WiphFEX o} SEetel. 8H3] Peroxidase®}  Total De-
hydrogenase #fiffI &= SR HoE B AEN S 2 FU%3 Glucose-6-phosphate Dehydrog -
enaselft I T SIE AR EM T8 WSS Rl B B A A T8l ol mliErg
T gls BEAct(Table 12).
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Table 12, The comparison of enzyme activities in root of 3-year-old Panax ginseng and
Panax quinquefolium

Species Amylase Total dehydrogenase G-6-P DH
P (cm2. h) (E.gFs*. min.%) (U.gFs?)
Panax ginseng
Violet-stem var. 2.38 2.76 2.28
Yellow-berry var. 1.01 2.16 2.61
Panax quinguefolium 249 1.09 -

BFve €3 HEg shie Ribahd Bistez obe pUtele RAMSZ AASAY
< ¥ ohdet BEHHES AHolEE fWel SRLHHT RRIH Conefdl o HEINLE T
B AREes de] AST o AZdidx #E RS EN, &k ¥ 19 it
ol PR BRI EiTslolol ¥ow Rpsicl

V. # =

AZEL nfEe gl 2l«YS Hiiehel $k7] AFol HomoRl k7t #L7isl LR
Biksy ?T’;ESZE}J— o= olT RARMOZRH BRFHMGKE EHOrBRE @iyl OF WY
2 BETES wtetes gl @RTES RE TS BAstd HE O K KikERE
ol 7% vhaAa @—-% REERETAAA 8@ KA ERAZS BETFH FHE
TMEM MR R RobA REMSMES AR AR o TEANAT sk bt ok

1. ¥EE B EBIAES BRES EES BAT & WHAA FRAZ EA
FErcl qglom EAMERCL KKl ) WHES A sl el Aol BEAEE %
Faol A iy 1R A wisEkd ek

2. BWBEAMNAE EBIAZES ko] MMM SRl Mol GEAZS ALl FiH
AN ERBEEAC wpibA shdo &gell ol RBA%ZI JURM 4 %K) A
ek,

3. WRET EEAZ GB A% s ikl 7 gutel ot Bl 2 HiBiggE
BB AZe] EA UL

4.0 AES) MR RE=E Mol -2 MBS K TR OER CEER RS
o) MER SR SO EBAEC A minrg 2dvh

5. WA Aol & MW REMEd S SR #ES dohiel wiEmEME, E
EYONERT MRS vl Hch
6. FEAEL @SEALRch BCEMFL WALECE 2i W4l el mm?E ABMSLif
Fiol 7b dsled wflel idtEs bk shsbddcl
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