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ABSTRACT

Background: Seed propagation has become the most popular method for rhizome production in
Cynanchum wilfordii Radix. However, no systematic seed propagation systems have been estab-
lished. This study was conducted to determine the effect of plug-tray cell number and nursery
period on the seedling quality and rhizome yield of C. wilfordii and evaluate the suitability of trans-
planting time.

Methods and Results: Seeds were sown from March 8 to April 21, 2022, at 15-day intervals, and
the seedlings were grown in trays with varying cell numbers (50, 72, 105, and 128 cells) for 30, 40,
or 50 days in a glass greenhouse. Seedlings grown in trays containing 105 cells for 40 days were
transplanted from April 17 to June 1, 2023, at 14-day intervals. The results of the first experiment
showed that the seedling quality of C. wilfordii improved with increasing cell volume of the plug-
tray and with increasing nursery period. Overall, good seedlings were obtained when grown in
trays of 50 cells for at least 40 days. The highest rhizome yield occurred in the 105-cell treatment
when the seedlings were grown for 40 days or more. Regarding the effect of transplanting time on
rhizome yield, the yield increased with advancing transplanting time. For example, fresh thizome weight
was approximately 95 g at the earliest time of transplanting on April 17, estimated at 309 kg.10a™.
Conclusions: Seedling quality and rhizome yield improved with larger tray cells and longer nurs-
ery periods. The highest yield was achieved with seedlings grown in 105 cell trays for 40 days and
transplanted in mid-April in the area of Chungcheongnam-Do.

Key Words: Cynanchum wilfordii Radix, Nursery Periods, Plug Tray Cell Numbers, Seedling,
Transplanting Times.
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AMESE WHO R (Choi et al, 1996; Kim et al, 2005),
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Kim et al., 2009).
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w2 AiE = dvke Aol At (Hochmuth ef al., 2006).
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e TAE ARSIATE SHe SEEE S hkekx
T4 (36.1190° N, 127.4783° E) -2l oA AA5kA

e W &= A 15T olskz W7
s, T2 S 8l S5 A8 AFIESQ dodH
A& (Baroker, Seoulbio. Co., Ltd., Eumsung, Korea)&
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Zej2 Ego] A Fof §H 7|7ke] w400 B - &
73 g MR FES Y] $1s A8 2022d0)

sttt BAY 59 208 7IEe®E §H 7IZF 50, 40,
30U Jakste] zhzt 39 309, 49 11, 4Y 210 W
2 FAE oeFst A A7)9] F8o EFlold] Tt

AME3 28] EFo] (World, Co., Ltd.,, Chuncheon, Korea)
o] 4L 50, 72, 105 2 128 Ao, A F &-74& zhzt
72, 43, 30 2 25 ml = FRIF AT}

SH AE 77 T 250 FEE AHE 2AA N

(AION-GMS-P, Aion ENG Co., Daejeon, Korea)2 A3}
o 1 AIZF 7 o= ESA3I0Th A Ha2EEs 24 A He
oz B19al, AXF Lx= 0C o] AdHFeE FHge
2 2MEsIGTh S8 717k mE HaEs 7 208, 20.5,
203CAL, AE=E HEF 48%, 50%, 48%Ith (data not
shown). SH 7|7F HE A 571700 w49 A4 5=
7}7} 610.8, 816.8, 1034.3CE Yt}
Edo] A Fo} SH 77ke] a3 FHsks Al &
ol g EA3 5 AFe RN sdHE AT
ZAF B Tl Eolg, 2%, i, shlE, WA,
AAF, 25 2 HEAE (Impact resistance)s AT+ T
10 74 3 9HE Qlolg xjFHsle] ZARSIATH (RDA, 2012;
Park et al., 2020).

USAEE FEE 30 cm EolollH H8iAA msE A=
0 = 81% o I 1 = 61 — 80% I, 2 = 41 — 60%
o3 =21 — 40% VKB, 4 =1 — 20% vk, 5 = v A
el W2 A4 (0 - 52 YERMIATH (An et al., 2021).

A AR o] Bk AIYERA, EFC] o]sedS
gelstdtt (pH 7.8, EC 1.02 dS'm-1, §718 &F 17.1
g'kg-1, FHLAM 4586 mg-kg-1, Ex. K 0.1 cmolekg-1, Ex
Ca 10.1 cmole-kg-1, Ex. Mg 1.9 cmole-kg-1). Al¥]= 10a 9
N — P205 — K205 717} 8 kg, 4 kg, 4 kg, 223 <8
H| 1,000 kg& A= 7IH2 A&5 & HAAT AES HA
g thy S HdE 98T

A2 Al A2 A-le 27 A” 30 em, F7F AR 20 enZ
stRom A= A2 60 4 T A7 22 mm, ] 2 mo] I
o|ZE I3} 4 Alololl | m HHoR AAEN, YdE &
k) sictel] wjEst & Qo] APl WEE FEAA O
S=

A2 T 1659 F (20223 119 3Y)l 3 279 A
& 53 S AR 2749 F, dol ¥ FAE
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3. ZAAPDOI 2 2Ho| MEEM 2 paker PO
AAA71] g 2H] AR B 2 FIEE s
el 105 A EFolo] A F 1 FH A2 7o) wo] u}
Z3t] A71E 40 99 BE 20239 49 17Y, 5¢ 2¢, 5
4179 % 6¥ 1Y AT ZE AlgoA S5 7|7
T B 19 13, TGS A ASol gdgke 4
& A7t H=E sk
AR o] 2] @ 2] AF 5 IR 9 Al

A AFEE A} e wpHo g 2ALslS T
4. SAHIAe]
BE Aol AlgT=

AR 3 RhEo = ujX|s)
of 3. BAEA S SAS EG (SAS Institute Inc.,
Cary, NC, USA) Z2 135 o]gale] E4HEA] (ANOVAYS:
AR ST

7y 22gddte] Hd} EFHA} (means + standard deviation)
ARSI, et 7F o BlaE 5% oA Tukey’s
Studentized Range Test (HSD)®} Duncan’s Multiple Range
Test (DMRT)Z A3J3F3ATE (*p < 0.05).
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ol AMiE AT FH Al FH 7IZ} F2a Edlo] A
T A A% v TS F= AeE duA sl
M (Kim ef al, 2013), B4 Z2j7 B AL S8 77t
H Edlo] A7l 92 e Aoz AT (Table 1).

WMo Ho| S BEX F A9 RE JEA §HITH]

AL Btk g4, FEZ,
717 40 4=} 50 Lol 30

=

= e}
2%, 94 2 S AEs S5

il

Aol BIsiA FFE AR FAH SR FolH ] ApolE Ko
2 etk §E 7I7HE Eglo] A9 A Wsle uiRE

oA 30 UFE Folg zfol7 A=, thAA R A
o] gFo] FTIETFE AHo] PEe AFE Bk

He| 2L &8 717 50 4 A Al 50 & (17.0cm) >
72 4 (163cm) > 128 A (159cm) > 105 A (149 cm) =2
2 Y a5 Bed, oY Axks 242 sHE] &l
P2 JFS Wweves A7 A dAAT
(Megersa et al., 2018). F+H9] & AT Efo] Ao &
o] 7P & 50 A Ag|ollA 2.1 g0 = 105 A (1.4 gelt
128 A (1.3 gl HlaiA 1.6 ¥} S8

o]t GHo| Aol xol= Zya EFo] Ao 2o} I
71o] wel DR, wiR|e] F, FEEe Fre] gl o
EuM 711%™ (Jang et al., 2014), 7] (Jeong et al,
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2020), A4S, 2HF2, ] (Oh et al, 2014), F=EAME
(Park er al., 2021) 52 F&2HE Qox thdst Ao 2HEol
A §B Al 8 Eglo] A¢] Av]o] wt Ao Zjolrt
Atk Ash A8 Kim 5 (2019)2 282 Ed©]
Ae] A7 A2 5 BRI weRivkal BAsigiE],
ol Eglo] Ao A7/} F&rE Wto] WESL BEgh B
Al EEF 2ol el ] wZoletal sttt
A3l AFoM= A A7t AgFE BYo] W
o, Be| 25& Ao At F45 St
th ole Zelz 8719 A 77t HojRe] w
wo] AJgo] e Zoz "Rt 13y f
o] gFo] ASFE FTIsISl=t (Table
Fjo] A o] 2SE ] FAEUL,
o] Be| T4 e &4 AnE FAaAA
o7 Ayztec)

glo] el A7]el ulet AjEE 2] SHI7ke] gt
A wgk S Ao Al wE §E 717 AXA717t
2zo] Aol dFE vAE AR dEA vt (Kim e
al., 2015; Kim et al., 2019).
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Wao SE A T2l Edjo] Ale] 2yl wel Su 717
o) A% WsE 91T A3, me) A2 o] A &7

o] T7VEFE, 1P SH V|7k] AFE PEHE e
eRsdth 533] 50 A EolollA] 40 A oY SHaNS
o Wl o] ANl AS EAo] dIEE FoE
ERsttt.

WEo Zejay ke 81 A ASTHo 7 Ftho] ofg-
), 58 Al RS el ddslol gtog apel] As| vt
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Table 1. Effect of nursery period and plug tray cell number on growth of Cynanchum wilfordii seedlings.

oo Tyl e N Letengi teatvian P e PN oo
(Days) number (cm) seedling (cm) (cm) (g/seedling) (u) (g/seedling) (1-5)
50  13.9+21 4.1+04  41%06  2.7+05 0.8+0.2 7.2+1.0 0.5+0.2 3.2+0.7
72 120%1.2 39+04  3.6*04  2.2+02 0.5+0.1 5.2+0.8 0.5+0.1 3.4+0.6
30 105  105+12  4.0+00  3.3+04  2.0=0.2 0.4%0.1 43+0.7 0.3%0.1 2.8+0.7
128 12.9+11  4.0+00  3.5+0.7  22%0.2 0.5%0.1 5.0=1.0 0.5%0.1 41+8
50 15.1%+19 6.4+0.8  45*0.6  3.0+04 1.1%0.2 8.8+1.2 1.7+0.4 45+0.9
72 15.8+1.2  6.1+05  45+06  3.1+05 1.0+0.2 8.7+0.5 1.2+0.3 4.8+0.4
40 105  149+11 6.0+00 45+05  29+0.3 0.8+0.1 8.0+1.2 1.0+0.2 4.8+0.4
128 159+1.7 59+0.6 41+04  2.7%03 0.8%0.1 6.9+1.3 0.8+0.2 5.0%0.2
50 17.0+23 75+09  45%x05  2.9+03 1.4+0.2 8.2%0.6 2.1+0.5 4.7+0.5
72 163%1.8 72+1.0 4504  29+04 1.2+0.2 8.2+0.9 1.6+0.4 4.8+0.4
105  149+18 65+09  42+04  2.8=0.3 0.8+0.1 7.6+0.5 1.4%0.2 5.0+0.2
128 159+15 6710  42+05 2.7+04 0.9%0.1 7.1+0.8 1.3%0.2 5.0%0.2
Means of nursery period
30 12.3+1.5¢  4.0+0.1° 3.6+x03> 23x03° 0.5+0.2¢ 54+1.2°  0.5+0.1° 3.4+0.5"
40 15.5+0.5>  6.1+0.2° 44+02° 2.9+0.2° 0.9+0.2° 8.1+0.90  1.2+04° 4.8+0.2°
50 16.0+0.9° 7.0+0.5° 4.4+0.2° 2.8=0.1° 1.1+0.3 7.8+0.5"  1.6+0.4° 4.9+0.1°
Means of tray cell number
50 15.3+0.6° 6.0+0.7 4.4+0.3° 2.9+0.2° 1.1+0.12 8.1+0.8°  1.5+0.8 4.1+0.8°
72 14.7+0.4* 5.8+0.7° 4.2+05> 27+04° 0.9+0.1° 74209  1.1+0.6 43+0.8
105 13.420.6° 55+04° 4.0+0.6"™ 2.6=0.5> 0.7%0.1° 6.7+1.0°  0.9+0.5 4.2+1.2%
128 14.9+0.8° 5.6+0.3™ 3.9+04° 25+0.3° 0.7%0.1¢ 6.320.2>  0.9+0.4° 4.7+0.5
Significance
Nursery period Hkok ok Hokok Hkok ok Hokok Hokok Hokok
Tray Ce” number ko k k%% kkk *kk * ok ok k%% * %k kkk
Nursery period x - -

Tray cell number

DImpact resistance; 0 indicated above 81% damage, 1 indicated range of 61% - 80% damage, 2 indicated range of 41% - 60% damage, 3 indi-
cated range of 219% - 40% damage, 4 indicated range of 1% - 20% damage, and 5 indicated not damage. Different letters are 5|gn|f|cant|y dif-

Hokk

ferent by Tukey’s Studentized Range Test (HSD, p < 0.05). Significant at 1% and 0.1% respectively ("p < 0.01 and ""p < 0.001).

Edjo] Ag] F7} 2749 FA e G ASIEE, M g S 27 FHFe Edo] 105 4 e Tl
991 4 23] S Agle] 105 Wl T4 AR, o) AAFA 5 FRE A2 o
& AL Rk ANHOE F P ATAFS KW /0] A9 §Ho] o 2 50 Aok 70 A Aol Hlske] £
R Pt R I Oloﬂ e olfE WY fliA F71E) A9t B
B2 Avnm 27 7 B 7o) M BUR 105 4 A 8% Zow Azka,

2l FolA oF 169 g0 = 7HE ok, o8 Avls 17

7F 40 93} 50 & Aol EHEA AFEAT (Table 2). 3. ZANDDE 2 X6l M1} 4320]| 0IX|= 248t
W o] ZATFE FE 717P°1 A= 1AL, &0 40 Y7+ §E3 FEE 20239 49 179, 59 2%, 52 17

FAE S5 A 5o Ao r3d Efo] A Frh 8 A 9 o6d 199 FAg & 108 31 %W 6} 7+ 3

T 27e] FF FTHE oloAA] Tt 2 A7 MEER AR A2AL F, 27 dol, 24 &+
Kim & (2015)% Shin 5 (2000y> 2783 HFe] Zejz 7] 2 AIAFTES ARG, B3 10 a § T 27 92

27t 27] A Rl frefsittal Bargk vpel o] 2 A ARFSIAT (Table 3).
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Table 2. Effect of nursery period and plug tray cell number on rhizome growth characteristics of Cynanchum wilfordii at harvest.

Nursery  Tray cell Number of rhizome / plant Rhizome length (cm) Rhizome diameter (mm) Weight of rhizome
period (days) number Primary Lateral Primary Lateral Primary Lateral (gFW / plant)
50 3.8+1.1 0.5+0.8 33.2+x09 8.8+x1.0 14.2+1.1 2.7+0.3 121.0+£4.0
72 45+1.0 0.6x0.7 35.2+1.1 10.0%1.5 14.4+0.9 2.3+0.3 133.6%5.2
30 105 4.5=+1.1 1.7+0.8 35.7+x0.4 28.2+1.3 16.2+1.2 4.4+0.1 149.5+7.9
128 49+1.0 0.5+.0.7 35.0x0.4 8.8x2.0 14.3+x1.0 2.3+0.2 151.5%5.1
50 4.8+1.1 1.0x£0.0 33.8x1.5 14.7+0.6 13.3+1.2 6.0x0.4 112.5%6.7
40 72 4.86+0.3 1.2=0.4 36.8+2.0 24.4+0.5 13.4+1.3 5.5+0.8 135.0+6.3
105 55+1.2 1.8+0.7 37.7x1.6 21.1+0.2 16.1+0.2 6.6x0.4 189.8+5.4
128 4.2+1.1 1.6x0.5 35.0x1.5 19.7+0.3 14.6x1.4 6.6+0.9 128.7+£2.0
50 4.2+1.2 0.7+0.9 31.8+1.1 7.2x0.7 15.1x1.2 3.6=0.9 146.2+6.3
50 72 4.9=+1.1 0.7%x1.0 39.2+0.8 10.3%1.3 12.2+1.1 2.5+x04 154.6x5.4
105 5.7+x0.4 1.9+0.7 41.2+0.8 25.0=1.2 16.8+1.3 4.8+0.5 168.1x4.4
128 54+1.1 0.6x0.1 38.9+0.8 6.9+1.0 15.9+1.1 2.2+0.6 139.7%5.5
Means of nursery period
30 4,5+0.5 0.8+0.6>  34.8+1.7°  13.9+95°  148+1.0°  2.9+1.0° 138.9+7.4%
40 4.9+0.5% 1.4+0.4° 35.8+1.1% 20.0+4.0° 14.3+1.3° 6.2+0.5% 141.5+6.3%
50 5.1+0.4° 1.0+0.5*  37.8%£2.3*  123+6.4°  150%03*  3.3%0.8° 152.1+8.5
Means of tray cell number
50 4.3+0.4° 0.6+0.2° 32.9+1.0°  10.6+3.8° 14.3x09*  4.0%1.9° 130.8+17.0°
72 48+09%  1.0+03®  36.5+23"  145+86°  13.3+1.0° 3.6+1.7° 136.9+16.9%
105 5.3+0.5% 1.8+0.1° 38.2+2.8° 24.8+3.5° 16.3+0.4° 5.3+x1.22 169.1+20.2%
128 4.9+0.4® 0.£0.6®  36.9+1.9"  11.8+6.9° 14.9+0.8"  3.7+25 139.9+11.4%
Significance
Nursery period * * * ok NS ok NS
Tray cell number ** * * x * NS *x
Nursery period X Tray NS - - o - NS "
cell number

Different letters are significantly different by Tukey’s Studentized Range Test (HSD, 'p < 0.05). ™; non-significant. Significant at 5%, 1% and 0.1%

Hkk

respectively (p < 0.05, “p < 0.01 and "'p < 0.001).

Table 3. Effect of transplanting time on the rhizome growth characteristics of Cynanchum wilfordii at harvest.

Transplanting Number of rhizome / plant Rhizome length (cm) Rhizome diameter (mm) Weight of rhizome
date Primary Lateral Primary Lateral Primary Lateral (g'FW/ plant)
Apr. 17 42+0.1° 3.0x0.7¢ 23.9+0.3¢ 17.8=0.3¢ 22.9+0.4° 10.3=0.6" 95.1+2.9°
May 2 4.5+0.1% 3.0+0.0° 24.2+0.1° 19.5+0.0  19.0+0.4° 6.9+0.7 87.3+2.8"
May 17 5.1+0.1° 3.3+0.5° 25.7+0.6"  20.8+0.6°  18.9+0.6" 6.8+0.2° 84.2+2.1%
Jun. 1 4.7+0.1% 2.0=0.2% 28.6=1.1° 22.9+0.5° 17.0=0.2¢ 6.6+0.6° 82.4+2.4°
Significance NS NS o o ok o ok

Different letters are significantly different by Tukey’s Studentized Range Test (HSD, 'p < 0.05). ™; non-significant. Significant at 1% and 0.1%
respectively ("p < 0.01 and "p < 0.001).

27 Fe 2749 FRol Bglel 34 AVl GRS W Fsh. 72749 A% 4 Ak o85S 27 57
A IR, 27l ol
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Fig. 1. Effect of transplanting time on rhizome yield per 10 a of
Cynanchum wilfordii. Vertical bars represent standard
deviation of means (n = 3).
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