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Effect of Location Environments on Early Growth of
Wild-simulated Ginseng (Panax ginseng C. A. Meyer) Seedlings
in Larix kaempferi and Mixed Forest
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Abstract: This study investigated the environmental location effects that Larix kaempferi and mixed forests had
on the early growth of wild-simulated ginseng (Panax ginseng C. A. Meyer) seedlings. Experimental plots were
created in Larix kaempferi and mixed forests, and confirmed the location environments and growth characteristics
of wild-simulated ginseng seedling. Our results showed that the soil properties, such as soil organic matter, total
nitrogen, and cation exchangeable capacity were significantly higher in the mixed forest soil compared to the Larix
kaempferiforest soil. Likewise, the growth characteristics of wild-simulated ginseng seedlings were significantly
higher in mixed forestsd compare to the Larix kaempferi forest. Correlation analysis between tree species ratio, soil
properties, and growth characteristics in the experimental plots determined that the soil properties and growth
characteristics had significant positive correlation with the broad-leaved forest percentage. Growth characteristics of
the wild-simulated ginseng seedlings were shown to have a significant positive correlation with organic matter, total
nitrogen, and cation exchange capacities. This study has clearly demonstrated that the tree species ratio, and soil
properties in Larix kaempferi and mixed forests were significantly correlated with the early growth of wild-
simulated ginseng seedlings. These results could help to improve the selection of suitable cultivation sites for
wild-simulated ginseng.

Key words: wild-simulated ginseng(Panax ginseng C. A. Meyer) seedling, soil properties, Larix kaempferi forest,
mixed forest, correlation analysis
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Arekitolgt AFAOlA FAY FHE AR AH
T A o]Asto] gt 5 AFAEAS AASHA] gl
A AHZ 7]9e APoe=m AFostal Qlay(KOFPI,
2013), [HY H 42T FXlof w3t HE]ol oA
Sy dAREEA AR Ao RE F4) TH, 4
A, A, FEAHAL s & e o] wEEar 9l
CHINIFoS, 2018). Al &R 53512 0 &2 =S5} 7l Araliaceae)
of 4o}, RS ik, AL
WL Panax ginseng C. A. Meyer2 37|gch
Qarmch ofel g Fiol Holu, Ay
S ool dEAY was A FEomA
H3E pelhe 2 okl A Auehect
O H(Kim et al., 2013; Choi et al., 2016),
aso] Wil w3 gl o
T 9 Sk SelEA ARk tiE B E
(Kim et al., 2019a). AFoFAto] 43 &
F 9 2uFold Amud, 018U A|EoR Ty
AT RIS TR AlRre] £RS 159
R B3] 2 1047 ) A4S 20009 420
A 2018Y¥ 130802 IA Z7}3F4 tH(Park and Jeon,
2020). EZF ARQkiro] tigh Al o] motbxlof whet Abek
2ol o Ay 53¢ A= Ate] =(Ginsenoside)
(Kwon et al., 2017; Jeong et al., 2019), AFFArS] &FALSH
(Seo et al., 2015; Kang et al., 2016) & & H=(Park et
al.,, 2018) &%3} gEo] n]g& AE(Kim et al, 2018;
Lee et al., 2018) & thaFet Fofo] A4 2is] 3
A ek
ApAe kol A Auale wha Aobire] A&z
o Qlof AxIe] 4% W sl At A3
Mg Zesthn @ & otk Seluel ALRAN(Panax
ginseng)®| Wl =] A Fak(Panax quinquefolium)©|\y &=
9] A& 4K Panax notoginseng)©] B3l AL-0] 35+ A
& Sejuetol A Abekitel 7H who] A 2AtE = AujA| 2
Aw7t 89] 36°~38°2 4to] ASsl=d Qo] A F
ojzlo] £-4=517] wZoleh= A+t A7 2thWoo and
Lee, 2002). AFI$HE-& Abhatol A4 9l ddo] & 4
FE 7] ol AR Al Al chereh ARl ek o A
AbeFate] Aol At AAE 2= Aol 7HE Fast
THKim et al., 2015). Woo et al.(2002)2> AMX|o|A 15
I At BgqxAd, AR 8 527t A5t
A FAEE 2ol 4hs Aulist=dl o] A =4
olgtar 3}, Lim et al.(2003) 3t A9 A7k u] A
ofl= AujR o] B, 719, A F 9 S0l Ay

wild-simulated ginseng, S}

e
2 M ¢

o
e
>
k1
%0,
o

—_
(=)

it

A109¢@ A3ZE (2020)

ofof Su, 71 Fel M 53] YA $A Alstel wefst
L glo] Abopatel AAA S HAsHeE mgol @ A
olet ek

[e]

Al HZAO] 63.8%7F AtHA o m o] F
oA il AFE O A2 Aol AAY 43.5%=
7P w2 Bl AAsL gloew, I tEow J&EE
AHO| 30.5%, FYHo] 26.0%= A= o] kil &
A Qlti(Jeon et al., 2013; KFS, 2016). o] Foj|A] L&
QAW (I A, Larix kaempferi)y= HZ 0] 424,668 ha
2 9ol 298 45 3 M §e WA= 44
SFIL(KFS, 2011), AP o 24 9] B-87} zof 54
3 MelEs zoz otelx 9lthLim et al, 2016).

Chung and Moon(2011)2 A A2 3174 7}0] AFG 2k
|o® FAEHIL, o] FollA EFEAS FAE Aol
o FFE A Hedl 8 +F ESEE, dAY
Apolo] wet feldoz Wt o °
PzrolA Fsok, FHIRE d2lez A AeoA &
71H o8 Aufstr] wfZol PR|gHE FolA =
W EFEA ] Ut AR AFAY] ASEAES 4
o=l o] FpAolgtal & 4 UTHKim et al,
2019b).

TejofA= el whE AFHESF S0 tigt At o]
AEE 4=3%)31 ¢J31(Russell et al., 2007; Pérez-Bejarano et
al., 2008; Ushio et al., 2010; Kooch et al., 2017), %]
= AR AR o] A BEFEA] it A= &
93] 485kl QIth(Liu et al., 2016; Sun et al., 2017). =+
Woll A &= ohekst Abeleb o] W& BEFEA A7t g
3] 4~ =3l Q] ©(Jeong et al., 2002; Jeong et al., 2003;
Yun and Moon, 2009; Park et al., 2014), AFFAF A} X
O] A ESEAT At ASEA ol gt A
A= o mSgh Aol & of Kim et al.(2019b)
o] AtoflAl Akt AuiAl YA A5/l gt
AFE Ao, ol fejuet Akt AuiAl &
ol Hot ook

GBI AT AR AREAY Q9del Aol
STt ok ATFAL AuA o] Q12
7, GBI BA, BFEA Sol tfFt Betoln A4
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B A7t SE A AREAL FRALAEY
o4 2016¥1%E ZASte] Thel 9 Lofsha gl Aok
A FATFEA FIN URAZUTE 2HE F3%
E 3% FAFFUAYL YREAYOR 24 A
= P FAFFUAE APSarkFigue 1), AH

—
FAFFEA Wl AP T4 5F A F8 04 9]

>

= [¢]
gk AFAEZAE 20199 3ol ZH2F 0.1 hat] 2/AJskict.

0 A AR 2t
S FHOZ 10mx 10 m 79 W YAGE, 5, 1
A7) A GAEE, AFRAAL Sliie)S 57403l
o AR EA S BFES 2A5] Sl 2 Ale 2R
i 37He] a5 def® Agste] RES AASHL A
10~30 cm ZloloflA] AFHATE AT EFARE 2
mm A5 o]-g3te] 7AE 5 Ao A Fste] Hastel

=
ok AR 7R RS 2T A2 A
Z9o] dlo]E|Z7(HOBO U30, Onset computer Co.,
USA)E Adx|5le] 7| &% (Air temperature), EF2 =
(Soil temperature), A< =(Relative humidity), LA}
(Solar radiation)& 2019 4 €€ 9¥7IR| 1A17F 7+4

o= dolgg s,

South Korea

Ham-yang

Figure 1. Selection of wild-simulated ginseng experimental plots
by different forest physiognomy.

o|-gsto] ZAE W, mAL HES] HERE v]=

EATE AAELE o] §3te] Belaleich &
7] A == (Electrical conductivity, EC)&= £4
10 g& 555 50 mLof| F7}sto] 1:58 3]4s}
AlZF EoF AgsE & pH meter?}t EC meter= ZH2F
oF $87]E(Organic matter, OM) 3&Fe
Tyurin H-& 0]83}0] =33} 3L, A2 2 (Total nitrogen,
TN) o552 Kjeldahl SAHES|FFHO=E SA5AT
3 21XK Available phosphate, P,Os) 3582 Lancaster 3
HE 0]83}9] l-amino-2-naphtol-4-sulfonic acid 8§24
of elgt BelEAANS Bo) ZHelth. EAT B
AlEE 1 N-NH;0Ac(pH 7.0)0 X&3t 5, =23 =
gzl B350 Al(Inductively  coupled  plasma-optical
emission spectrometry, ICP-OES)& o]|-&3}o] X|&A oF
0] 2(Exchangeable cation)2 =743}, X&H A2 E
(NH,;)S Kjeldahl ZFH o2  ofo]-2X|3H8-2H(Cation
exchange capacity, CEC)E =73}3it}
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5. SAIAz2

B Aol A BT EFS AT AR FHY ASE
Aol th3t ol e HF £ F2 Q2 XH(mean + standard
error, S.E)2 UERT, QIAk @z o] it djo]g]
Zr-2 Statistical analysis system(version 7.1, SAS Institute,
Inc., Cary, NC, USA)S 0]-&35}o] T-testE £33 G4
HABEL, F] 432 xHLeast significant difference, LSD)
£ p <005 FEol M BAA Shick Al AR5,
ESEA, dEHE oy 7k ARAlREA(Correlation
analysis)-> IBM SPSS Statistics(version 25, IBM Corp.,
Armonk, NY, USA)E Al&35}o] Pearson’s AFaA|4(r)2}t
Fop < 0.09€ Shlshlc
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H 1/1—51/1-

A AT A BA, BS

L ==
- o1

9C)mt Hato] 7 el
B o)L

cbegah SASEEA W 24T AlFEA Y] At E G, B $£1= 177 m, -?r_:"_'ﬁ%}‘_
Aol tigt dlolEl Table 1o Lkt 55 AWE  sgicku sholck
A= QEJZAVE (IS, Larix kaempferi)7} 100% 2 glo|g 2 A= o] &5to] A
24 dEAVUFEeRE HoF a7t 215 m, Bt 2 £33 Ay, Eokerl 5Y71R
FALAEL 308 emz SRIFITE FF Ald2A= & (19.3°C)7} 3FoF AJ & ZA|(14.
A= 79.3%8F A 20.7%=2 FTAE AgsFHoR Qo) 6YHEE BH|23 AFFS WY,
H3 7= 132 m, Bd TOAAEL 12.0 cmZ YUERG L=ni

L 495E 8 F AREA BE
of. St B R Fravinus rhynchophylla)Sk W% Flsielon, 714 ord 899] 7l ew

E=B3E AAEL 5~15°7F Agsie, 31 7 m o]

ALSEAL Aulj7} Agksicha 319tk Kim et
019b)= A=t Abekit AufA] 9714:9] PR S =
FAFoz ohgst
23.5 cmo 2 FA}b

Al 2R 9] v 7 gt =

A EA]

AEHo =

O

Ui (Lindera erythrocarpa)7t 718 B2 Hl5& A8k 2|7} 274C=2 3hoF AP EA](24.7C) B} o o=z
o] Qo & U (Rhus tricocarpa), 73 U5-(Lindera ol =) ch(Figure 2). B

obtusiloba), Z-5 MUY (Styrax obassia), 735 (Quercus

= =

aliena), 5=

AFRLUEY(Morus bombycis), BH U5 (Castanea crenata), =
AR UF(Symplocos chinensis), L2 2|5 (Acer pictum) L20] 0~10CQl AuR|7} Agtslar, =
7} EQlERlon, AA4= AUF(Pinus densiflora)?}t

AV (Pinus koraiensis)7} 291 % AT},

NG| A, ¥ APEA BE AUAP| AL, FF
ABEA S GEAPE(139)0] ST ET} 317 mo] e

FHF APEAE BEAH(14°)0] fELET} 669 mB 2HCRE)I} AZE O ook Rt WAL
SHRIE AT} Lee(2010)= A4 Aufolli= AbHol =3F o]tHWoo and Lee, 2002). &¢49 L 3

A 9974 %

FF AFEZA N =A e
T Al EZA] oA
.?_ o 74 oz g]_o]E]OM;]. A}

dlsEs sEe ALt

1, Hot AARERS 490

3lo
=
FoFAk

g AFEA | Hlsf o
Al oll=

A B

oll= 30Col gl

A 79 o A%EE oS 2ol we] 20~

25C2 AE3t 3to] AAslck(Jeon et al., 2018). At

= 793} 8¥of 7HY =11, YEIZREHo] &g
of wls) e o teon], ol ArgEs YA

=
A7) i

2o

=

Table 1. Topography and forest physiognomy of two different experimental plots of wild-simulated ginseng seedling.

Topography Forest physiognomy
Experimental plots Slope Altitude . DBH"” TH? Percentage
— Species of three
°  Direction m cm m %
) ) BTY NDY ND ND ND
Larix kaempferi forest 13 Southeast 317 - - - -
Conifer Larix kaempferi (Lamb.) Carriére 30.8 21.5 100.0
Fraxinus rhynchophylla Hance 9.1 9.9 233
Lindera erythrocarpa Makino 33 5.5 13.3
Rhus tricocarpa Miq. 33 3.5 6.7
Lindera obtusiloba Blume 3.8 3.0 6.7
Styrax obassia Siebold & Zucc. 1.9 2.5 6.7
BT Quercus aliena Blume 13.9 12.0 33
. Cornus controversa Hemsl. ex Prain 9.3 17.0 33
Mixed forest 14 Northeast 669
Rhus javanica L. 6.0 5.0 33
Morus bombycis Koidz. 8.1 6.0 33
Castanea crenata Siebold & Zucc. 26.1 20.0 33
Symplocos chinensis f. pilosa (Nakai) Ohwi 3.9 12.0 33
Acer pictum subsp. mono (Maxim.) Ohashi 3.9 3.0 33
. Pinus densiflora Siebold & Zucc. 25.4 343 10.0
Conifer )
Pinus koraiensis Siebold & Zucc. 29.0 26.0 10.0

UDBH: diameter of breast height; ITH: tree height; 9BT: broad-leaved tree, “ND: not detected.
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Figure 2. Changes in mean soil temperature (A), air temperature (B), relative humidity (C) and solar radiation (D) at two different
experiment plots of wild-simulated ginseng. CJ: Chung-ju, HY: Ham-yang.

Table 2. Soil physio-chemical properties of two different experimental plots.

5 Avail. Exchangeable cation
. . D 2) 3) 5)
Experimental ~ Soil pH EC OM ™ P,05" K Ca Mg Na CEC
plots texture
(1:5) (dS/m) (%) (%) (mg/kg) - (S T0) ) 4= e ———

l“fore”‘stm’w” Slg“dy 4.89+0.04a 0.03+0.01a 5.95+0.16b 0.22+0.01b 110.0£18.3a 0.15£0.02a 0.55+0.15a 0.16+0.07a 0.03+£0.00a 19.6+1.01b

Mixed forest Slg;l?g 4.97+0.04a 0.02+0.00a 9.17+0.43a 0.34+0.02a 108.7+3.3a 0.13+0.02a 0.45+0.09a 0.13+0.03a 0.05+0.01a 27.8+1.40a

LSD 0.3419 0.016 1.269 0.0578 51.608 0.0828 0.4942 0.2194 0.0245 4.746
p value 0.2590 0.1583 0.0021 0.0045 0.9456 0.5391 0.6159 0.6948 0.0572 0.009

Value in each column with different letters are statistically significant differences (P <0.05) among the experimental fields according to least
significant difference (LSD). "EC: electrical conductivity; ?OM: organic matter; PTN: total nitrogen; ?Avail. P,Os: available phosphate; *CEC:
cation exchange capacity; “CJ: Chung-ju; "HY: Ham-yang.

¢ B3] SH =7 =of AP AR 1% (Lee et al., 2012; Song et al., 2018) % A}H(Seo et

o] A e, £9Est B v QAkEE)e] al, 2008; Gwak and Kim, 2012)0] whe} watgicha Ba
Kol ArjEEst wiLd £ BASolA Aol A HIL 9lo] BF A%H AN J)4tdlolE Hug
go] Fobxlrhal &elA QUTHWoo et al., 200). 3] Aot AT} 7] Fete] Aol digt A
B ATONE AHEEYS FF AWEAZL QB 7} Besiehn Az

AR S AFEAN W B et Ui

ol Wi, AGEs B/ Uehdol wet dadyel 2) EFEH

QAo AE wolul, ALEES T ATEA} QA AreHt AHEA O] BFEAHG BA AT, %
Abopite] g wrh Mgt Ao Wbk wak A Fo) §F AP BE BAS AobEo|L, pH 489~
Yol RIsls AB FEE /1F9} BIRAT L B 4979 A4 B BRIFGITH(Table 2). A7 HEEE
Aa90 QS vk, o|oh Zre BAAle Eo Ax  0.02~0.03 dS/m, GV E L 5.59~9.17%, AAHTL
o M= St =} ApHEeko]| whel H3}gcK(Yoo et al., 0.22~0.34%, 32142 108.7~110.0 mg/kg, XA Z+

2010). APAFLANAE A 7|2 QA= A} Qo st 5 0.13~0.15 cmol'/kg, X34 ZH 0.45~0.55 cmol'/kg,
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2184 ml1dl4 0.13~0.16 cmol'/kg, X34 JEE 0.03
~0.05 cmol /kg O & ERGET, 9Fo] &2 HL 19.6~
27.8 cmol'/kg 0 & ERITE AFoFAL AufR] EoFS vjS:
7} oFs et AFEL OFE 7} AEEI(Lee, 2010), A}
gl glolA] Wb 4IRSk 541 Hbol nael 92
Ueh AHERRS] W EoF pH 4882 2115191 w(Kim
et al., 2018), SFEA AT Lo A ZAFSE A= AMokAl A
Hj 7ol EoF pHL 4.0~6.00% 2ol wITHKOFPI,
2013). 715 2 2.0~7.0%, A& 4 0.15~0.80%, Z
£ 0.3~0.7 cmol'/kg, Zr% 1.2~4.1 cmol'/kg, v}1Y|%
1.0~1.5 cmol/kgO & B HALo|A] AT ARkAF A2
A Aot Aol Haker Aoz ghoar,

AP BT 7he] BOFEAS i RS Az

B9 718, A2, doleX|eHgere] QEegLty
Yol 35 ABEA] u3) BAEEY Tk APEA

= 0.25% ooz dElA 3 (Kim et al., 2013), Hong
et al.(2010)2] A4 AFRIESS f7]& e oF
438%%2 AAHARC =31, Yot oHAJ(Aggregate
stability) 2} -2]2]¢Q1 9] JHBAE HATh Kwon et
al2011)2] Q1o A= 187 AVepAl A=) o] oz}
EOFEAS BAT AT, 2RI} 6 B4l
AR 6% AT, AASYE 2%z Ao, B
P

N
[\]
N
il
Jﬂ
0
i)

o et 1(2010)011A1£ zﬂﬂmg o)Al EoF
f& A3, 2 AFAIet FARH Aol ol

(Mlller and Donahue 1990; Chung et al., 2002; Kim ¢

., 2010). ESF AFIESFS] EAL AJHO x|} e
1 A= MalstA =i, o] T BEY Ve =
Ao A &= Fasty] wiel sidal=r) =
EolMs 7= dFol wrhal A Ath(Lee et
1998). 2 Ao A= e} 22 FHoF AJFEE

;‘L flo ro 2

A109¢@ A3ZE (2020)

A9 {7l FEol iAo s syt W2 S5
A@zA o] vlg] =2 Ao=R b}E}‘*E} Seo and Yoo
(2011)98] Ao A = S73A 8| Z(Viola diamantiaca Nakai)
A ) B $71% Bl ekt Aokl B
HEp S ol BAANE AR AEmol oy
SAgGolA f71E EA o] golskal sz rt &
of §71Ee| Bajdust gangls] nRolan 1)
Atk ole L2 AP ALE FolA F5 cheet ZUH
BAO Ao W EGEALE A5 A AE, E

2. Yo +F HIEut EA0|EISH ZHo| ARkt
ol A A8 2A0) 24T b mopel Bela
shele S4ol Jape F3, o] 2ol hepyo) wet
22 4 1E}(Fu et al., 2004; Dybzinski et al., 2008).
A AREA ] Aol 4% )t =
olatatAl 7he] AHHIAS hIT AT, WS} Bl
o] Hgol w2 EoF o]a}EAL Ao|at xb)rllryq] ol
= Aoz YERTthTable 3). o] oA B 171&(p <
0.01), A& AP <0.01), FolL2egZHp < 0.05)S I
fe] g §SI4el Yol HAS R B
9] vlE&= 94 ’ﬁfﬂ FHHAE Bk o= &Y

2 ngol oS BEYY rle s, dole A

-,
©
=2
_>L

Table 3. Pearson’s correlation analysis between soil properties
and forest physiognomy percentage of wild-simulated ginseng
experimental plots.

Correlation coefficient (7)

Soil properties

Conifer Broad-leave
pH -0.683 (0.130) 0.683 (0.130)
EC" 0.653 (0.160) -0.653 (0.160)
om? -0.944™ (0.005) 0.944"™ (0.005)
TN® -0.924™ (0.008) 0.924™ (0.008)
Avail. P,Os" 0.030 (0.956) -0.030 (0.956)
K 0.325 (0.530) -0.325 (0.530)
Ca 0.273 (0.601) -0.273 (0.601)
Mg 0.224 (0.670) -0.224 (0.670)
Na -0.755 (0.083) 0.755 (0.083)
CEC” -0.900" (0.015) 0.900" (0.015)

Correlation coefficient(r) written are significantly correlated
between the variables compared. Negative values denote
negative correlation and positive values denote positive
correlation. Values in brackets means P value(""P<0.01,
"P<0.05). "EC: electrical conductivity; ?OM: organic matter;
TN: total nitrogen; YAvail. P,Os: available phosphate;
YCEC: cation exchange capacity.



=4 "}E}"}E}(WOO et al 2002) ol2|gt 7]
20] 3 Aol Eope] FAT L WIS
o} Wl ofuje EOF U] Qi SHRES folF
32 gHch(Kozlowski and Pallardy, 1999). Woo et
(2004)> AFE= A AR o] EGEALS 24T
23, Aol visl B f7l=d Ada ko] &
EaolA EA Yehdtta 215k Kim et al(2015)
o] AFoM e Rl v BYrdy JEEad
oM B f7ledt Ada ool A vk, EH
Fo gojxoF rlil B skith Liu et al(2016)2] A
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Table 4. Seed emergence rate and seedling survival rate of
wild-simulated ginseng at two different experimental plots.

Seed emergence  Seedling survival

Experimental plots

rate (%) rate (%)
parix Kaemplert 500+ 280 4 640 + 435 b
Mixed forest 61.1 + 5.09 a 80.0 = 2.13 a
LSD 16.144 10.974
p value 0.1281 0.008

Value in each column with different letters are statistically
significant differences (p <0.05) among the experimental
fields according to least significant difference (LSD).
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Table 5. Growth characteristics of wild-simulated ginseng at two different experimental fields.

Shoot Leaf Root
Experimental Length Diameter Frc.ash Number Length Diameter Length Diameter Frc?sh D.ry
plots weight weight weight
(cm) (mm) (€3] (ea) (cm) (cm) (cm) (mm) (& (2

wleri 13.3£1.64a 1.69+0.13b 0.83+0.16 b 4.56+0.29a 5.30+0.47 a 2.33£0.28 a 14.7+0.15a 6.57£0.34 b 1.45£0.09a 0.45£0.03 b

forest

Mixed forest 17.4+2.89a 2.94+0.13a 2.35+0.15a 4.78+0.11a 5.81+0.35a 2.46+0.23a 17.8+1.42a 8.65+0.40a 2.01+0.23a 0.78+0.10a

LSD 9.2187 0.5159 0.6197 0.872
p value 0.2811 0.0026 0.0024 0.5163

1.6326 1.0138 3.9763 1.4722 0.6724 0.2868
0.4339 0.7525 0.1016 0.0170 0.0831 0.0331

Value in each column with different letters are statistically significant differences(p <0.05) among the experimental fields according to

least significant difference (LSD).
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