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Effects of Cytokinin, Ethylene and Propiconazole Combinational Treatment on
Growth and Ginsenoside Content of 4-year-old Panax ginseng C. A. Meyer
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ABSTRACT

Received: 2022 October 24 Background: Korean ginseng (Panax ginseng C. A. Meyer) is recognized for its medicinal prop-
Ist Revised: 2022 December 5 erties. Because ginseng is cultivated for 4 — 6 years in one place, the growing environment can
g"j‘ RRe",'S‘*:f 22(())2233 gaguary 2163 affect ginseng growth. Specifically, root growth can be altered by plant hormones, which in turn,
" ev's? . ebruary affects crop yields. Among plant hormones, cytokinin is known to increase secondary growth by
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promoting cambium cell division. In addition, ethylene and propiconazole can regulate root devel
This is an open access article ~ Opment. In thig study, the effects and interactions of cytokinin, ethylene, and propiconazole on
distributed under the terms of the ~ four-year-old ginseng plants were analyzed.
Creative Commons Attribution ~ Methods and Results: Ginseng plants were treated with each hormone every two weeks. Cytoki-
Non-Commercial License (http:/  nin (6-benzylaminopurine, 500 uM) was applied to the soil, and 100 nM of propiconazole or 100
Creat'VeCOWmon&Qrg/ |'Ce”§65/ UM of ethylene was applied in combination with cytokinin. Root width and weight, and ginseno-
by-nc/3.0)) which permits unrestricted ;4o content of each plant were the highest when cytokinin and propiconazole were applied
non-commercial use, distribution, . .. S
q duction i di together. The highest number of buds was observed under cytokinin treatment. However, no signif-
and reprocucion in any mediur, icant differences were observed in shoot growth, except for stem width
provided the original work is properly . Wi g » EXCEp widi. . .
cited. Conclusions: The greatest effect on root development was observed when cytokinin and propi-
conazole were applied together, and ginsenoside content increased following hormone treatment.
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M A 2022). ZH|AR= 914k 9ES 2913w, A4S sbg o] 1

o=, 4932 Qe A7|E WA A7 o] Eof A

A4t (Panax ginseng C. A. Meyery> thdAl 2=, ¢ A9 AE%7 =0 (MAFRA, 2016). AH] HA2 20214
ESolA 4 - 647 AMIE g} 4422 T2 R /% & 71Fo® 6d2 1,795 ha® 9%21 dldl] nlg), 43S
Ho, 532 78 984toe s FgEo] gkoug Falow 17% (3,314 ha), 5532 16% (3,080 ha)s A3t JTh
ol gE= HFo] HA} =oAL Utk (Jeon, 2009; MAFRA,  7]&0l= 6d3% SIFE thRolR oL, 4 - 5id22] H|5o]
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= ks
AEQIA =] el 27e ¥
AR Alo|EFtolde A]E9]
sk AEAEERE S22
gdHA Aot (Jang et al, 2015;
Shi et al., 2019). N7 (drabidopsis thalianays 57142
2 Alo|E7tolds kA Xl ATl 7R e
QQAARI Al ETlold-S AeElatd F450] Al dste]a F
3 Aol dojdtiy B3 oen (Matsumoto-Kitano er
al., 2008), ¥ (Raphanus sativus L= Alo]EFFoldo] 4]
T ARl Hofste] o] S SRR s8It (Jang
et al., 2015). B1] AAIUSE (Populus trichocarpa)?IX= A}
o|E7lo]d Ha) g4 cytokinin oxidase (CKX)7} v 34
o] AU} Afe]EFeld Fhgo] FolEW 23} Aol A€
o} SF9Th (Nieminen et al., 2008).

a2y dE QA AlelETLelde] X axE Y
g A7e Ao, Alo|EFleldS A FA Qlate] o5l
AAZ B (multiple stem) 7AAZ LEsl=Rol] e =
ZAF vt gloh o (single stem) S14RS T Ao 4]
3 227 B 2ol sl HEE u Beol Adshkes 4
3Fo] Qlt} (Chung et al., 2006). 2%0] Z7}alA $8 ko]
S, 220l FoW AFo] ek IS AT F

¢}
UOBZ AT A 9] Alo]EFfold A EIE He A
Zasitt,

oddl JA] AFe] At A5S 2HITL LA e

N

o, T2 dotel Al A, AU T, o] w3} Foll Ho
St} (Bleecker and Kende, 2000). ol€#o] A sAY AR =
Aol E7told Al 2ol Aol glent ojddll 84
Q1 ethylene responese 1 (ETR)S o|€dlo] §le Z7olA
g sls]=d, ETR Arabidopsis response regulator 2
(ARR2)S B3A1A AlolE7leld =8 7 5 Sint
I 39} (Liu et al, 2017; Garay-Arroyo, 2012).

olddllo] e ZANA= odd FE&AA ethylene
insensitive (EIN3)E 53l Alo|E7loldS AA|sl= ARRSE
AAste] Ale|EFleld AlsdES 3T = . & 9
gello] e 2ol Alo|EFlo|de XE St gl oA
2 % Aot (Liu er al, 2017). Sh713H AL Z7)o= o
Z700A Ale|EFfoldoe] Aahiel shilE AdS A=
tlo] dg#l= ] HoJshn, Ato]Evtold Fhgo] F7Ito
w2t gl e F71sa stk (Cary er al, 1995). L
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sl Wl jslaE B wt ein

BepesERolE: Age] o] 44 GHFe &7
4% B, o) wasbge] 9P Fe S2EOR JelA

It} (Planas-Riverola et al., 2019). EZA|=2H Zo| =8
g5 AEA W Alo|ETte|d gheFo] FrlshH, Alo]E7o]
A5 Agshd WA Hep w20l = ol 27% - 46%
7V FE, ole AlelETleldd} HepA e iE| Rol e
M2 G 7 A 45 T S 28T T Ut
3T (Yuldashev ef al, 2012; Bajguz and Piotrowska-
Niczyporuk, 2014).

ZZ2IFUE (propiconazole)> 7|E0| AHAR 2o|d &
AR Hr e Ro| 2o S AT 4 drk. HepA
2 RolEE Bab A EIS o A 457t st
ARk, TR AUES APS W ST A T

A 71kl ST (Hwang et al., 2020). 2
= QoA ZRIIUE A G Alo|EFto]
of &gk A4t v et
SR 9= 35, 7199 FF Tl 2t
o Atk FA APl == Q14e] ofg]Ahe-S e}
U= 340 o= Qhke] o, =71, e 5 d 744
th 22k gARERS] XA sAlol = 3, 2
oF 22 gwste] wmet ko] W 4 QoL st
(Szakiel et al., 2011).

. AFox e AfelEFte|d ) g, ZaujsivEo] L
A Qak Aol wX= G BaA sigloh gk 52

Aol wet 14k ) WAlAlol=e] Sher wishe: Al

o A op

T
1. &8 A= 2 A Z52
B e FYANSAGL AAEATN HAlseTt,
HldskS2s el 3] e Axsle] F Fahgol 10%

- 15%7F H=s 283 Y A (Panax ginseng C. A.
Meyer) Aul A] HER2QL Helo]EZE 1 @ 1 (viv)E EHE
A A& FES ARSI 201940 Y FAE w3t
o 20220l 4dA80] HAoM, HEFER °F 400 7HH A
ettt S22 A T 9ol A wizkA 2d7k Aest
At} (Fig. 1).

3282 2 Fuith AE #dFsien fxtoe 52

2g 59 AFE-3 1mM sodium hydroxide (NaOH)Z
MAG 50me A BFEAT T2 AlelEFIOI (6

Benzylaminopurine; 6-BAP, GoldBio, St. Louis, MO, USA)
500 pM=S F502 A sAY A€ (ethephon, MB Cell,
Seoul, Korea) 100 pM E& Z239]3IUZE (Propiconazole,
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Fig. 1. Experimental timeline for hormone treatments of 4-year-old ginseng. Each hormone was treated every 2 weeks for 20 times
for 2 years. Characteristics of growth and development were investigated on 4-year-old ginseng.

Sigma-Aldrich Co., St. Louis, MO, USA) 100 nM3} 23}
BB =
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52
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AR AREHORE B, AW, 9%, 952 338
Qor, Akt AgEHoRE 24, 2AA, 2EL 4
k. AR Aol MF vz APE Gl dolg =
BHAT, G GEL WA 8 M 2 AL s 2
ool UM E Zgsidn). 2L T vz oy W) £
A Aelg ZPsgom, Ask AL W} by T
& Re] TAS 2AT B AA vlEe e Es

400 A AF 2k 5 A ARA = FlA tEol 2A
g HleS AT £ e A T FE a9ste]
£ 2Aeidlen, drllgs A HA 7 gAdE drje] 5
Sk gl FEES AA A FSolA duiE I

3 A o] Mee 2ARIGL,

3. ZHIEAIE M

A4 W A eAbo]= HEFS Nexera X2 UPLC system
(Shimadzu Co., Tokyo, Japan)o-Z =43 0™ =]l t)
8 ZAlx=Ale]= 10 & (Rh;, Re, Rb,, Rbs, Rd, Re, Rg, Rf,
Rb;, Rg,)& A&kt

AN A3 AsHE B FEE ot 02 ¢S Y
staem Ede] 70% WE-E (Thermo Fisher Scientific
Inc., Waltham, MA, USA) 2 mf 9} £33t & 30 £7F 50C
oM Z&u FEIALE FEAL2 4C 13,000 pmelA] 15
5 dAEEste] e 1 mlE Sep-pak Cig catridge
(Whatman, Dassel, Germany)Z 33}HtTh ©]$ 045 um
membrane filter (Pall Life Science, Port Washington, NY,
USAYE o#ste] FAA 82 ARESHITH (Kim ef al., 2008).

Table 1. Growth characteristics of 4-year-old ginseng treated with different hormones.

Treatments SL" (cm) SW? (mm) LL? (cm) LW (cm) RL® (cm)
Control 2443 2.88<" 8.6™ 43N 19.2M
CK 24 .4 3.75° 8.5 3.9 18.2
ET 24.0° 3.42° 7.9 3.8 19.4
CK+ET 25.2° 3.742 8.2 3.9 18.5
PCZ 21.4b 2.89¢ 7.4 3.8 18.3
CK+PCZ 25.8° 4.03? 8.2 4.6 19.0

Growth characteristics of twenty ginseng per treatment were measured in triplicate. "SL; Stem length, ?SW; stem width, LL; leaf length, “LW;
leaf width, ¥RL; root length, CK; cytokinin, ET; ethylene, PCZ; propiconazole, NS; Not significant. " Different letters are significantly different by

Duncan’s Multiple Range Test (DMRT, p < 0.001).
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CN analyzer (Vario Max, CN, Elementar Analysensyteme,
Langenselbold, Germany)Z =743}t faelst e
Lancaster§ &= 43I0 0H, 2|94 Fol2 e B 1
N ammonium acetate (NH,OAc) pH 7.002 & T oJ3}st
448 ICP (Integra XL DUAL, GBC Scientific Equipment,
Braeside, Australia)= =731t}
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KeR
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o
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5. S 24

TE B4 B4e R 233 (R version 4.0.3, The R
foundation for Statistical Computing, Vienna, Austria)S ©]
£330t} EAHEA (ANOVAYS: AAsked A2 7 xjel7t 9
73-%-, Duncan Multiple Range Test (DMRT)Z 5% -39
FEolA fFod RS AT (p < 0.05).
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S7Hth A7

ok
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zesaEe AR W e
Z

1.2. Alols &£4

7dA73E Aol EFtold, Ato] EFtod o gl Afe] EFLeld
(2RI AUE AETeA] A v, 237 94 Al
ATl 3T Aol Aol Zes)siEe 2ol 4
s o, 2A7e] 7P FARCH izl BlE) 1.4 ul
7V 29t (Fig. 2A and 2B). Ale|E7lold-Z2 0|0
AT o2 AfolE7lo|dojgall, Alo|EFteld A+
Fow BSith ATRAS SAeHE Aol Erlole] T4,
Aol E7keld A7t xS W FASo AxEde] =
ZlEo] ZAFH o] FiE ASRE Hlth

2FE 2975 v AlETlold e B Aes]
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Fig. 2. Growth characteristics of 4-year-old roots applied
different hormones. Investigations of root characteristics
were conducted on twenty roots in 3 repetitions. (A)
Phenotype of roots. scale bar: 5 cm, (B) statistical
analysis of root width, (C) comparison of root weight.
CK; cytokinin, ET; ethylene, PCZ; propiconazole.

ool zevauEat B3 A o g0t AlelE
ZholdE ZasuEs A A2RE otz Hlsh =
Zol ¢F 1.5 8] =N, A+ F 7FY =34t (Fig. 20).

FollME 22 2ol A FHAATE AL sile
4l (Jang et al., 2015), & AFAXME= 250 =UA AT

SHRE 2 YL Bk ARl Tav)mE
7o) Ashe 2P 2Fo] 71 Bk, ol 9
Afo|EFtold st BepAie i Ro| =g A AT ¢ 52
=2 Ag=Re-S sfal dEA T} (Vercruyssen et al., 2011;
Yuldashev et al., 2012; Bajguz and Piotrowska-Niczyporuk,
2014). Ato|E7loldo] AgE AJEjor] B elE|2ol=
£ Ash APt Ashte] Ygo) BE FrhEnk sk

o r|r



Table 2. Comparison of root growth by number of stems.
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Hormone treatments Number of stems

Root length (cm)

Root width (mm) Root weight (g)

1 19.7M 9.8 6.1
Control 2 18.1 9.2 4.8
3 18.4 10.2 5.8

1 17.3" 12.1% 6.9
CK 2 18.7% 13.0° 7.3
3 22.6° 16.5% 11.6

1 19.8M 10.5M 6.0
ET 2 18.7 10.3 5.4
3 16.1 7.7 2.3

1 18.8M 121N 7.4N
CK+ET 2 17.7 12.2 7.0
3 19.0 10.9 5.6

pC7 1 19.0M 43N 8.4N8
2 17.4 3.6 8.4

1 19.7M 13.9M 8.8
CK+PCZ 2 18.5 13.1 8.4
3 16.9 15.8 12.5

Growth characteristics of root were compared according to whether it was single stem, twin stem or triple stem. Root characteristics were
analyzed in triplicate. PCZ treatment was analyzed with student’s t-test. CK; cytokinin, ET; ethylene, PCZ; propiconazole. NS; not significant.
"Different letters are significantly different at 5% by Duncan’s Multiple Range Test (DMRT, p < 0.05).
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whd, el Ate|ETteldS 7 Azldke G- AllE
ZHelEdRt g Aefshs Aol M 247el st o
dil2 Ale|E7lelde] Asde ArE £3T F= AL o
12 = e, 71gtielr = *}0157}01” gl S7t
ol whet ogdl FHgw ke Ate|Evtold ) odailo]
B e Af AsHre] Aol Aol AlEnial it
(Cary ef al,, 1995). QA= Al Esfolnr Hg] A iz
ol s ZH7 o] FHHIYLH, AleETteld oD@l &
3} A2lala Alo|EFlold wHE Xja] o) Hla] 2 Ao] 2k
ot A QoA clgdle] Aol ETtelde] Fu) Ayt
e AaAlE Aes Bl

AeHog, 2HRI 25 5 A AR
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1701' 52

S35 23+ A
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13. 57 2 O =4

7t S2ES AP & HF 5 vwdS uf, Ale|EF}
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E7lold A Fole Ht 43 /N2 oF 3 8] 7k HF &
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FUE Aol s 23.3%71 283
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Ml 2 A¥= Table 33+ 2tk UEF o] 7IEX|Hok
=or, Uik} ZFe] T ok 632 mg/d, 0.06

cmol’/ L 2 Aul 7Fss B 71EX7F 22 100 mg/ L -
400 mg/ £, 0.30 cmol’/ £ - 1.00 cmol’/ £ & THFS w) &
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Fig. 3. Characteristics of 4-year-old ginseng buds following
hormone treatment. (A) Representative image of buds,
scale bar: 1cm, (B) statistical test of the number of buds,
"p < 0.001 compared to control, (C) ratio according to
the number of stems, "proportion of multiple stem, CK;
cytokinin, ET; ethylene PCZ; propiconazole.
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Ollgldll, ==u|3LtES| Sz
(2 A W AlliTleld gt i) wike P
79 G2 Wtk Fio] $EFH AlETtold Fpol

Z¥43PH (Zaicovski et al., 2008), A} Qlite] TR 3
BolME AlolEstold el F74a 4+ kil stk
(Takei et al., 2001; Matsumoto-Kitano et al., 2008). =, &

F U Fo o] BT A AEA U AlelETleld
U‘Eml ol 4S9 Aﬂz%é AS AT, ) A
o] T3] dojupA] 13 4 ot

lai_i AAEQ] oAk o] Ao S THIAS W), &
o] T A} thge] MR, 183 FAfe] W

2 7Pt o 24 vebd Ao Azt

1.4. 542 X[ole EM

4AoM FAAH T T G AR Alo|EFteld 3
ZEIFUE 23 tal sd2eM e A S-S
Xt} (Fig. 4 and Table 4).

AlolE7told e ZRIIUE A7 7 3280 &
& A5 2ot Hads o, 4323 TR Ale]
EFteldst ApolETlold- TR usanE Aol 2273
%ol EUT F5E SdZAE Alo]ETold - Z 2 v s}
= Aol dizol] Hls) oF 1.3 8 S 2205
U= Al 4d23) 9] sd2olre izl vl 24
A ZFol STIeIAT HFe] e AlelETte|d 3 ZE
FUEE I MAE o 279 18 M2 7P Baker,
23 FUE AHete d27et fASIAT

e

2. lshEA £d "t

MR G 23 2 v|wsHE 2ol oF 26 il
vl AfelEFtoldoddll M= 33 /=2 2 47 7FE B
Rkom, Alo|EFlo]d, Al EFled - Z 2 FuUE M7t 2
o2 ST} (Table 5).

olake 7] AeolA Zo) @&y Ash, A
2o o) BRES FH0E 280 wolpt 7y 2

o] #t} (RDA, 2014; Fig. 5A).

xTolis AFA R Jistsl o), Ate|ETfold oe
AelFollA G A= ol Ashde] BdE R Al
JolA] AU 3l Ejelr Alee Ss Bt (Flg 5B)
Nekre Zel7t ARo® B stal d4daet A48 &
o1&k 2olE HolA| FUTH (Table 5). Alo|EFolH L%ﬂﬂ
2 5 Aol Nskre Btev Ade S5t (Fig.
5D), B73€ dujart 2 ol Hlsl A oR AUt v
izt olddl, eSS b A2|olre A
7b £33t} (Fig. 5C). 322 zﬁal Tl et skl
zlol7 JE Ao, dnf FAECIY dnf FAETE Aol

7F fiSle

r&
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Table 3. Chemical properties of the soil growing ginseng for 4 years.

Treatments pH EC NO;-N P,Os K Mg Na Ca OM

(1:5) (dS/m) mg/ €) (mg/€) (cmol*/€) (cmol*/ ) (cmol*/£) (cmol*/ €) (gke)
Control 6.55°77  0.09°7"  18.86™7"  6.16"77  0.04%7  3.697 032077 497N 107.464

CK 6.48" 0.11¢ 42.28% 7.17% 0.06"  4.29® 033" 5.19 108.10¢

ET 6.57° 0.09¢% 24,03 6.51% 0.05% 3.90* 033" 4.75 113.12¢

CK+ET 6.47" 0.132 27.11¢ 4.80¢ 0.07° 4.67° 0.40° 5.30 126.31°

PCZ 6.44¢ 0.12b 18.35% 5.48% 0.08° 4,712 0.412 5.23 152.60°

CK+PCZ 6.46" 0.10¢ 38.53? 7.82° 0.05% 3.90 033" 5.04 122.52
Standard of  Deficiency  under 5.0 - - under 100 under 0.30 under 1.0 under 0.05 under 3.0 under 10

soil Cultivable soil  5.0-6.5 0-1.00 0-100 100-400 0.30-1.00 1.0-4.0 0.05-0.20 3.0-6.5 10-30
nutrients” Excess over 6.5 over1.00 over 100 over400 over1.00 over4.0 over0.20 over6.5 over 30

' RDA (2014), Standard of cultivable soil includes standard of sufficiency and possible to cultivation. Chemical properties were investigated in
triplicate. NS; not significant, CK; cytokinin, ET; ethylene, PCZ; propiconazole. Different letters are significantly different at 1% and 0.1% by
Duncan’s Multiple Range Test (DMRT, “p < 0.01, “p < 0.001).

Table 4. Properties of 5-year-old ginseng treated with different Table 5. Characteristic of flower and fruit formation after

hormones. hormone treatment.
1 2) 3) 3) - -
Treatments ~ RL"(cm)  RW”(mm)  FW”(cm) NB Treatments Number of Number of fruits Fruit fom;atlon
Control 233% 1T 66" 1.027" flowers rate (%)
e NS NS
CK 23.7 12.8% 8.2 1 44b Control 26.2 9.1 45.7
ab
PCZ 245 1250 83 1.05¢ K e 6.7 36.1
CK+PCZ 2238 131 88 1.90° ET 217 97 44.6
Growth characterlstlcs of root were |nvest|gate in triplicate. "RL; root CR+ET 32.9 93 35.0
length, “RW; root width, *FW; fresh weight, “NB; number of buds, PCz 19.7¢ 8.7 49.7
NS; not significant. CK; cytokinin, PCZ; proplconazole Different be
letters are statistically different at 5%, 1% and 0.1% by Duncan’s CR+PCZ 282 6-5 474
Multiple Range Test (DMRT, ‘p < 0.05, “p < 0.01, ""p < 0.001). Characteristics of flower and fruit of ginseng were investigate in

triplicate. NS; not significant. CK; cytokinin, ET; ethylene, PCZ;
propiconazole. Mean are significantly different based on the

3. ZIMCAR|E &l 2 Duncan’s Multiple Range Test (DMRT, ““p < 0.001) compared to
SR ARl S ARI] DAALE P 4 coneol

A= Table 62 2t} & IAMAb|= oS WlaeslRE w250 EHZ:rL‘)ﬂ Hla] 1.5 v ST ns, ik iAE

APz W FAY Aol g tlETeh fAF AmAllE B AjolETlold e vmE Bt A2

St ¥ Ale|EFboldt ZrymuEs A AAE 7F Tl H]OH L5 v 7HE =55 758 5 Ao

-

Table 6. Ginsenoside content in the roots of ginseng grown under different hormones. (mg/g, root dry weight)
Panaxadiol Panaxatriol
Treatments Total
Rb; Rb, Rbs Rc Rd Total Re Rf Rg Rg Rh; Total

Control  0.14%* 0.065% 0.012°  0.08> 0.027* 0.327®®  0.10° 0.036° 0.07°> 0.021* 0.035* 0.225°> 0.55%
CK 0.14*  0.044¢ 0.008¢ 0.05¢ 0.030° 0.272¢ 0.13*  0.045* 0.09* 0.019® 0.015° 0.288* 0.56™
ET 0.12>  0.056° 0.010°  0.08™ 0.025° 0.290*  0.10° 0.031° 0.07° 0.016° 0.031° 0.220° 0.51%

CK+ET  0.11°  0.057°0.011* 0.07° 0.027*° 0.280°  0.09° 0.033* 0.07°> 0.015° 0.051*° 0.210> 0.49°
PCZ 0.15*  0.068* 0.012® 0.10° 0.030° 0.359°  0.09° 0.044*° 0.09° 0.014° 0.035* 0.241° 0.60°

CK+PCZ 0.14*  0.060* 0.010® 0.09® 0.037° 0.336 0.11°  0.035* 0.07° 0.022° 0.012¢ 0.239" 0.57*

Content of ginsenoside was analyzed in triplicate. CK; cytokinin, ET; ethylene, PCZ; propiconazole. "ANOVA; anaylsis of variance. Mean within
a column followed by the same letters are not significantly different based on the Duncan’s Multiple Range Test (DMRT, ‘p < 0.05, "p < 0.01,

‘p < 0.001).
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k=

FA APl = 200 W AR (panaxadiol, PD)Al
o} IIALEZ]E (panaxatriol, PTAIZ U 4 AUth Rb,
Rb,, Rb;, Rc, Rdi= PD A€ol 314, PT Al9Z+= Re,
Rf, Rg;, Rg, Rh; 5°] At} PDA= dits) 2he 2 gt
a29E 7R AeE & AR Ut (Sung er al, 2000; Li
et al., 2009). ZEIFUEG TEOZ X2|5IAY Alo|ET7}
oldz} 3 H2FS wl F PDAl Aol =9] Fefo] =
Rom ETels FEko] Hlszek ot v, 719Y
gt A g3t dvia 4zl PTAl JAleAle|=e] F
e AP EE gIAR BSsigon Al ETleld Azt
ol 7PE =Tt (Jin et al, 1999; Lee at al., 2015). o€
A HE0 7 e AlolEFloldwt d AH2de wi= FA
eAte|= o]l @88 ozl Hls| 7HAsiSit).

M APl = ke 373490 g4e) H|ZEAQl Q4
wet gdebd ¢ Aokl GEA vk (Szakiel er al., 2011).

EF L7t S7HEE dAlAlels o] SUsH (Yu
et al., 2018), EF Ul §718 o] wold4E Red| T
£ ZolAtE (Mo et al., 2015). T2 Ao = 2
Alatel= A 7Fe] debd = St vE ARy Ey
ke Ak MeAle| =9 ghake] FHiETiaL &3]
o} (Ali et al., 2006).

upEbr] AfolE7to| Uy} Z2u UL B3t 22| Al A|sH-
uigo] ZiEe, AE WA wmAlel =] FHeko] EolAt).

LAl 2

ATARI IS PI01667402)°] A
A= ol ZAREZ Y.
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