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ABSTRACT

Background : Aruncus dioicus var. kamtschaticus, functional wild vegetable, is perennial herb and young leaves with soft texture
are generally used as edible food. So the demand for the vegetable has increased recently. This study was carried out to determine the
effects of temperature and shading on germination characteristics of 4. dioicus.

Methods and Results : The experiment was performed by temperature and shading treatments. Seed pre-treatment before the ger-
mination experiment was carried out by the storage in low temperature (4°C ) under wet condition (LTW) for 0, 15, 30, 45 and 60
days and shading treatment were 35%, 50%, and 75% under control, BA (6-benzyladenine) and GA; (gibberellic acid) condition for
24 hours. Increasing the length of the storage periods led to increases seed germination percent in low temperature (4C ) under wet
condition (LTW), germination rate of 4. dioicus seed was the highest at 15C with 60 days of seed pre-treatment. In the case of seeds
pre-treatment with LTW, the more temperature went up, the more days to 50% of Germination of Final Germination Rate (Ts,) went
down. As a result of surveying shading treatment, germination rate was the highest in control of 35% shading and the next higher
was in control of 50% shading.

Conclusions : It is concluded that the temperature and shading are important factors to produce 4. dioicus. Also, We suggest these
results as basic data of 4. dioicus for sexual propagation.

Key Words : Aruncus dioicus, Germination Rate, Ty, Pre-Treatment.

A (%! Youn et al., 2012; Zhang and Kim, 2014).

FHIole 7R opvet 553 vtat 32 24 3

=Nt (Aruncus dioicus var. kamischaticus Haray= 2% = A7} 247} 71824]F 02 74wal 9l FA0]t) (Cho,
AollA] Aghs thdz2=2A4 550X AUEES B8,  2000). old w2} 87t SV e YR A9 9o
Azxe s, ARG B3t o] g0z 221t} ofdd = AEE Eo17] S8 A= AR Q] Aol ek A
T2 BslEY R EERe] TR FEele] 4802 of T7F 45 FPET ATt (Jeon et al, 2015; Song et al.,
|3} olggt S PE DNA &4 He9t 95 €4, 3 2015). 28|32 ofE] AE TAE teE wolds AT
2kt 9] 71578 RS ekl e o= dEA o 7] 98 A (A259) (Jeon et al, 2013b; Kwon et

(Kim et al, 2011; Shin et al, 2008; Vo et al, 2014; g4l 1993; Yang and Kim, 1993), =% #2] (Hwang et al.,
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Table 1. Characteristics of 1,000 seeds weight, seed weight per
liter, and seed number per gram (g) and milliliter (me) of
Aruncus dioicus seed used in this experiment.

Seed Seed Seed
1£2i0}15te(e£)js weight+ £™"  numbert+g" numbert+ m¢™
8 ® (ea) (ea)

0.11 3329 9,800 2,500

Table 2. Characteristics of light intensity according to different
shading treatments at experimental site.

Shading” Light |nten5|ty Relative light intensity
level (%) (umol + m2+s7") (%)

0 1184.0 100

35 665.6 56.2

50 486.7 41.1

75 235.7 19.9

PShading ratio of polyethylene shade net.

[¥=}
o

00
[

=]
o

/ v
/

3/5-3/14 3/15-3/24 3/25-4/3 4/4-4/13 4/14-4/23

~
vl

Relative humidity (%)

~
o

Fig. 1. Changes of average temperature (C) and relative humidity (%) of the experimental site.
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75%% 2R, olu At F3E-S Table 20149} 2t}
E A, A= SFF @ET), BA (200 mg - L), GA;

(200 mg - £ 1ol Zhz} 24A s AdellA] HAIEE 2015
29 2499 128 tray (128 cavities, L27.5x W54.0 x
H5.0 cmpl] 149 194 d53te] 302 AJgsleit)

214 =& Portable Photometer (LI-250 Light meter,
LI-COR Biosciences, Lincoln, NE, USA)E ©]-&3}] 2015
949 159 B ool SAs oM, Pkt g
T Table 28} 2ot 259t v 24 W 255 57471
(HOBO U23-001, ONSET Computer Corporation, Bourne,
MA, USA)S Ao &5 E] 20 cm o]0 Ax|sle] A& 7|7k
et AR (Fig. 1).

OR=AL

25 g 2 ol 5, Wi dolE FRe] |
TE APt HFE 2A7EA ] WolE (Final Germination
Percentage, FGP), ZolA|E &olR7] $3t Ty, (Days to 50%
of Germination of Final Germination Rate), #o}l-& X4
GRI), H#ZoldF  (Mean
MGT), Zol& A4 (Coefficient of
Velocity of Germination, CVG), &¢}4% (Germination
Velocity, Rs), o @o}l& % (Mean Daily Germination,

MDG)E T3t om A& 342 thedt 2t

A

(Germination Rate Index,

Germination Time,

+ Final Germination Percentage (FGP):(Al-Mudaris,
1998; Gharineh et al, 2004), FGP=Ng / Ntx 100
[Ng : & ol Nt: X S

+ Days to 50% of germination of final germination
rates (Tso): (Coolbear et al, 1984), Tso=Ti+ (Tj-
Ti) x (N/2-Ni) / (Nj-Ni), [N:Z Zol4=, N;:Nel djsh
50% o} ZA7pR] & Wolg= Nj:Nol| thak 50% 2
of HF7}A] F wolr, Ti:Ni A7 28¥ Woly]

7k, Tj:Nj AIR7HA] A8¥ dolr|7H
Germination Rate Index (GRI): (Ruan et al, 2002),
GRI=(G, / N)+(G,/ 2)+ +(Gy/ X), [G: X
‘6‘ 1°]X]—‘/] Hlo],.g_ G2 ] 201;(]_‘/] Hl—o],.g]

* Mean Germination Time (MGT): (Andalibi et al,
2005; Kulkarni ef al, 2007), MGT =% (Ni-Ti) / 2

&

=
(¢

Ni=100 / CVG [Ni:ZA} 3 ol Ti: A4 &
ZAKY ]
Coefficient of Velocity of Germination (CVG):

(Ranal and Santana, 2006), CVG=100x X Ni / X
Ni«Ti, [Ni: 2AF B Holr, Ti: X3 & 2AMLS]
Germination  Velocity (Rs):(Rajabi and Poustini,

2005), Rs=X Si / Di [Si: A} T ol Di: %]
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Mean Daily Germination (MDG): (Scott et al, 1984),
MDG=FGP / d, [FGP: ¥ 'Tols, d: HF ToldF]

4. S
zhzre]l SAgkel Wik FA 42 SPSS (Statistical

Package for the Social Science, 20.0K, SPSS Inc., Chicago,
IL, USA)S ol83le] 4HEA (ANOVAYS AAlstdon, &
AR FYAE p<0.05 FEAN HAEA

al

9 Dz

2t

1. M2E8 MEDRH Y 259 uppie
TMNEvF (Aruncus dioicus var. kamtschaticus Hara)s *]-2
Fi 294 A7 gelske] xR AEg A7, 7t
AT W T2} 2§ ALl wE dolgo] wsk=
Fig. 2¢} 2t} 7t &% YlelXe A58 A7) Zofd
T5 G T TA] FHzEoldo] FolA| AL oA A R E
HFTHolgol| E=dsh= 717ke] FolAle AoR A

53], A2Ed A7) S7HrS Wolgo] Eopx|aL F
FTiolge E=edhe 7|7ke] FolAe Ao=E YRt T3
wolgo] Axgt tx2E AlQsiaL Xi%g% AR T2

Z/“_E /\L’qy_uq AZ_HLO}EO zqg z{x]— 60°]-4 15C
oA 933%= 78 E=A L}E} Ziii‘r’r A74717k0]
7HE oAl A B (Fig. 3).

dyrEow OW’WH ZEA g FEFE] Tk A
O AL FHS sk, ol#s FAke FAg <l °lXq
o= glksl] fEiMe 1-5C F=e] AoM 3719 5
o] 7Fssl=s Azste] ViE-o1Y7 A8 e 2o
gl Qdok sHAT, ol2|Rt ARTA e Aesd AEe
A=0] Foll wEt Aelwet 7|7ke] EEAE Zlo® HilH
3 ATt (La and Jeong, 2008; Lee et al, 2003a, 2003b;
Salisbury and Ross, 1992). ¥ A3 ¢] wrlsn} B3k 22k
ol ek 2ECRA AeHdE H2E T8 FHER
7} 7Fsdt Aos AlsdTh

=S HE TR Tsg (days to 50% of germination of final
AF AAHcRE 7t dol: oA

==

[<)
—6

germmatlon rates)2] 7

At A7I0o] dojdrs FoAE B N, &
=7} FoldsE opRe] Tyol z@om A% woln),
20T 714 g Aoz 2AEglEd, 1509 20T

= Aol wolA) ekt (Fig. 4).
w43 hsTh B} oETan Aess A% A

ol ool 53 Tuel BRI 28 ALdd A48 %
s AZE B Fol Foslo] Wold] JFL I3 o)

o= AzE (Bewley and Black, 1985). ©]#]3 A=
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Fig. 2. Changes of germination percent in A. dioicus seeds
after LTW (storage in low temperature and wet
condition) at the temperature of 5 - 20C. (A); 5C, (B);
10T, (O); 15C, (D); 20C. Bars indicate SE.
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Fig. 3. Changes of germination percent in A. dioicus seeds by
the increase of storage duration in low temperature and
wet condition. (A); 5C, (B); 10C, (C); 15C, (D); 20C.
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Fig. 4. Effects of LTW (pre-treatment of low temperature and
wetting) on T;, (days to 50% of germination of final
germination rates) in A. dioicus seeds at the
temperature of 5 -20C. (A); 5C, (B); 10C, (O); 15C,
(D); 20C.

Table 3. F-value of ANOVA of germination percent and Ts, (days
to 50% of germination of final germination rates) in A.
dioicus seeds stored with low temperature and wet

condition.
F-value
Source Germination T
percent 20
Pre-treatment (A) 167.526* 52.482*
Temperature (B) 47.781%* 333.377*
A X B 3.143* 6.909*

*Data are means of three experiments performed in triplicate (p < 0.01).

Tool Boble Ao wwste] ARl B 299 w7t
S} BUT B ugith. olefd Avhs ALAYI A%
AR 4% A AL Aol B Aeld Fuol
shlo} LRt 302 AR,

WohgASE L7} RoldFE, AeEE AR
eSS ol Aow zAT Wit Weldst U
TE A ALtE AF AP B LErt HoHASE
HolA Tt BUT 4TS Holt Zom et mat,
B Woll57t 7H 71 30209] SCAME Aol 7}
4 w0 veRd 2T uek o s2u) o 71 20w 2AkR)
T (Table 4). obgo] R OE A Lehd A48 2
A A 302 obde] HelTE Avun 7 exERe
Aegs AR7100] AAAFE B Hoble L B
o= Row ettt o3 e $he] Ae&E A

Aol %



21N -

T - B -

Table 4. Effects of temperature on germination rate index (GRI), mean germination time (MGT), coefficient of velocity of germination
(CVG), Germination velocity (Rs) and mean daily germination (MDQC) in A. dioicus seeds stored with low temperature and wet

condition (LTW).

Pre- Temperature

Treatment ) CRI MGT CVG Rs MDG
5 — — — — —
Controll 10 - - -
15 0804 121+ 4.6 9.0 £31 4102 0.6 £0.3
20 21+0.6 125+0.3 8.0+0.2 1.1+£03 1.3+£03
5 —
LTW" for 10 2.0+0.3 20.7£0.3 4.8+0.1 1.0£0.1 14+0.2
15 days 15 4.8+0.2 123 +£0.6 8.2+0.4 2.4 101 3.1+01
20 5.2+0.6 94 +13 10.8 £ 1.5 19+13 3.5+0.7
5 1.2+£0.2 37.2+0.8 2.7 £0.1 0.6 £ 0.1 09+0.2
LTW for 10 39+0.2 19.9+0.2 5.0+ 0.0 1.9 £0.1 3101
30 days 15 6.7 £ 0.6 12.1+09 83 +0.6 3.4+03 3.8+04
20 6.9+0.8 10.0 £ 0.2 10.0+0.2 3.0+0.8 44 +£0.5
5 24+0.3 23.7 £ 0.6 4.2+0.1 1.2+£0.1 1.9+0.2
LTW for 10 5.8+0.7 145+04 6.9 0.2 29+04 33+04
45 days 15 12.2+0.6 7.3%0.1 13.6 £ 0.1 6.1+0.3 8.7+1.2
20 143 +0.5 5.8+0.2 17.2+0.6 58+26 7.8+39
5 26+0.2 23.7+09 42+0.2 1.1+£0.2 20+0.3
LTW for 10 7.0+£0.7 11.9+£0.1 8.4 +0.1 3.5+0.3 41+04
60 days 15 13.3+0.7 7.2+0.2 13.8+0.4 6.6 £ 0.3 9.3+0.6
20 15.1+1.6 6.2 +0.3 16.0+0.9 7.5+0.8 8.9+0.5
F-value
Source
CRI MGT CVG Rs MDG
Pre-treatment (A) 411.821* 91.615*% 80.958* 66.024* 61.101*
Temperature (B) 469.065* 568.132* 277.274% 67.999* 65.602*
A xB 18.038* 10.058* 8.133* 3.624* 3.379*%
DLTW; pre-treatment by low temperature and wet condition.
*Data are means + SD of three experiments performed in triplicate (p < 0.01).
B71700] Aojdes e Woldsrt FoA e AL Aes o ¥ F= Zi—% FlstAtt (Bonner, 1988). wEbA <&
& A o3 WolEA E ehdy) oz AlREnh  Ajsule 45602 Ee] AAE (5T Aess Al
BOREAE) A AL Aol A 459 o] 15CHe] el mo}— Fregthe ol T of
Aol FHeR o, e Aesa A% 604 Yk Tsph e Boldsrt Fobd iwisrt $AE 2ot o
NN A1 A et Mokemel B olhEl AE Qs MolHE gl ke urh Gddely &

Fi Ag71zke] S71ETE WA E FEe Hol HEdo}
7 o] AHAE Hole ZoE UERT WolEEe] 7
ollE 159, 309, 459, 60U HAE Az 1.9 - 244,
1.6-5.74H, 2.0 - 5.14), 19-68HH e Ao zAlEo] dlo}
TYE9= o2 43S BT (Table 4).

zﬂx%]*—i—i I7H%ulf 304 olde] HxjE|ek 10T o]
&= oA ool 60% olFoR Yudt Aoz YER)
© A2FEAEE Bl oAl E o] A|AEo] Wo}
dE Aoz e (Schopmeyer, 1974) ol#dt 4
& s F21e] Ay Hess Ay ol
Poll & FFE viXe= s & 7 doH, 257) Wo}
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402 At AT F IS Ao HATh

2 AI':'A“XI-XX-IX-“ al il_?_l—l:ﬂ U Hj_}%

Nﬂ gz}—z;@x] HHU} o].L]ﬂ. .:Jr 9,] 5}751‘9_9_]
Wolo| QIS MR Q3 QAT
1988; Cho and Kim, 1993).

s HRe] T2k 9§ 28YRE ol ERIFEUS
Wole2 35% 2R3 50% 2Fge] thollA 72+ 68.3%<)
62.5%= =A AU 53], wolgo] w2 1ol 4
Foll= 35% 2RgellA] wolgo] 7P Ekon, xBdEol =
oHAFE o= AFE BA (Fig 5). 2RE X2l Foll

At
HUEAT (Bonner,
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Fig. 5. Effects of shading rate on germination rate and Ts, (days to 50% of germination of
final germination rates) in A. dioicus seeds pre-treated with control, BA and GA;. Bars

indicate SD.
M 75% A Wokgo] b Az, ol 9]
He YY) PEo| FAe) ol JPL vH] RO
Holth (Bonner, 1988; Kang et al, 1997; Yu et al,
1995).

g, BE AAF (WEF, BA, GA; A= Z3ellA
Wolgo] 7P wgkon, 7} xpg WellMe thixTolx 7
=3 O BA HEF, GA; AT o2 =L jlew
et Az Ale] A2aart I

dtA o R Fak= it Agel FHE ok, o2 F
Ape] Wolg e 93 FHelke AgelMel G, Az
(Kim et al, 2014, 2015; Kwon et al., 1995; Ryu et al,
2002)2F dA 7 Fete] A58 A2l (Milberg and
Andersson, 19987} =& SE53= &2 o=
wE v Qid, B AfelME ABAgEAA Age] &
A7h JERA sikom, 3% ur) AL E Ago] SaEo]
of & Aow weke,

abfel =23 EAe] A GA; 100 mg- £7'9F 70% 2%
AelollA] 7t e dolgd Rl 2108 HI T (Cho
et al., 2013). o|AH FAte] WolEx] Bk ofg} A& 4
T AES SlsliA A8 A8 (GAs, BA 5)F 4
AISIAL o} (Hayati ef al, 2005; Koornneef et al, 2002)
=Fel=eE] (Lee e al, 20149 ¥t F2} (Kang et al,
2003)¢] 7d-9-oll= GA; 22| A olgo] yolxl Zlew Wil
Hol & AR 43 A Hel A0E YEiTH

M T2 Tso 239 GAelIA 3829= 71 4
3 35% ARge] tlRTelA 282UE 7Pg AAl AU
o7t s EA] & 75% 2PEE ALl BT GA; A
oA Aoz A AU w7 Tse o
AX o R Mg Hrhs 2pRgelA 11 BEds Biloh

A, A ATIE R AgolA Tsel 21,642 71 &
Al YEREIL (Jeon et al., 2013b), A7 BUE-S AsgollA Ty,
o] 35842 7 AA et (Song er al, 2014) FO=
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Table 5. F-value of ANOVA of germination rate and Ts, (days to
50% of germination of final germination rates) in A.
dioicus seeds treated with control, BA and GA;.

F-value
Source —
Germination rate Tso
Shading (A) 53.249* -
Pre-treatment (B) 91.639%* 5.858%*
Ax B 3.143** -

Data are means of three experiments performed in triplicate (*p <
0.01, **p < 0.05).

HAEch & AR wisute] Ae M ol izl
Ts®] 29992 ZALE| o] 7} 21E9] FAbe Wolol] ok 4
A Bzl 77] g5 RIS 53], o] FME AT
o] Tyl 7FF &S Aoz vepged, ol 457 W
o] oket YA EL] 5AS Zka 7] Wil Ao AtE
™ (Jeon et al., 2015), /N PEe] A9 JUld oz A5H
= Aol Zskar AleuERTE ot A4S 7R
7] WEo 2 AY7tET

Wolg A e Ao 7P kel BE AAET Wiz
T, BA, GA; Ag)elAE 35% xRgelA z+zt 2.1, 12, 1.0
o2 7P woH, 23E0] BoSE Yol AFgE B
ATt 7k ZBF YoM = tlZ2F, BA, GA; AE] £o2 wol
Aok, Het oldpe golA 37.0-39.99Y, 35% xpRgellA
= 33.8-36.04, 50% 2FgelM= 32.7-38.69, 75% 23l
AE 35.7-39.042 AR O™, ZF Zg YoM = o
=7 Bk AEARRAA ZHdA o ZA Jeisth
(Table 6).
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Table 6. Effects of shading on germination rate index (GRI), mean germination time (MGT), coefficient of velocity of germination (CVG),
Germination velocity (Rs) and mean daily germination (MDG) in Aruncus dioicus seeds treated with plant hormone (control, BA

and GA;).
. Pre-
Shading (%) treatment GRI MGT CVG Rs MDG

Control 0.8+0.3 37.0+3.3 27402 0.3+0.1 0.7+0.2

Full sunlight BA 0.5 +0.2 374+ 43 2.7+03 0.2 +0.1 0.4+ 0.1
GA, 0.2 +0.1 39.9+2.7 25+0.2 0.1+0.0 0.2 +0.1

Control 2.1+0.1 33.8+0.8 3.0+0.1 0.8 +0.1 1.6 £0.1

35 BA 1.2+0.2 341+1.6 2.9+0.1 0.5+ 0.1 0.9 +0.1
GCA, 1.0 £0.1 36.0+ 1.8 2.8+0.1 0.4 0.1 0.9 +0.1

Control 1.9+0.0 33.4+12 3.0+ 0.1 0.8+0.0 1.5+0.1

50 BA 1.2+0.2 32.7+0.9 3.1+0.1 0.5+ 0.1 1.0+0.1
GA; 0.5+0.2 38.6 £ 2.0 2.6+ 0.1 0.1+£0.0 0.5+ 0.1

Control 1.2+0.3 357+ 1.6 2.8+0.1 0.5+ 0.1 1.0+0.2

75 BA 0.7 £ 0.1 36.7 £ 2.1 2.7+0.2 0.3+0.0 0.6 £0.1
GA; 0.5+ 0.1 39.0+1.5 2.6 +0.1 0.1+0.0 0.4 +0.1

F-value
Source
GRI MGT CVG Rs MDG

Shading (A) 57.347% 5.372% 6.057* 62.844* 52.376*
Pre-treatment (B) 95.683* 8.972% 10.912% 137.600* 80.254*
AxB 4.079* - - 8.711" 3.280%*

Data are means + SD of three experiments performed in triplicate (*p < 0.01, **p < 0.05).
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