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Abstract. This study was carried out to determine the effects of environment controls (temperature and shading
level) on germination responses and early growth of Allium thunbergii. Germination experiment was performed by
pre-treatment (with low temperature and wetting treatments for 0, 20, 40 and 60 days) and temperature controls (5,
10, 15, 20, 25 and 30). And growth experiment was performed by containers (128 and 200 cavities containers) and
shading level (full sunlight (control), 35%, 50% and 75% shading). Germination rate of 4. thunbergii seeds were, 20
days of seed pre-treatment, the highest at 10°C (81.7%) and the more temperature went up, the more germination rate
went down. As a result of surveying container and shading treatments, the height, leaf area, leaf length, leaf aspect
ratio (L/W) were higher under 50% shading of 128 (24.2cm, 2.76cm? 22.3cm and 223.4, respectively) and 200
(22.6cm, 2.29cm?, 19.4cm and 190.5, respectively) cavities container. The root was grown well under full sunlight.
Specially, fresh weight of shoot (leaves+stem) was higher under 50% shading of 128 (0.241g) and 200 (0.212g) cavi-
ties container. As a result of surveying the whole experiment, A. thunbergii seeds need to pre-treatment (with low
temperature and wetting treatments for 20~40 days) for high germination rate. And it is judged better growth and
higher yield by maintaining 50% shading of 200 cavities container.

Additional Key words : container seedling, fresh weight, germination rate, leaf growth, shading treatment
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1. ZAIME

2 A7 FAAEL AHESllium  thunbergii G
Done|H, Fx= =@tk deld JRkAd a4
A gl 2013 1€l 25 AWF3FATHTable 1).

A FE 87 EEAEOE Bol AREHE e
2 tray®, 2t A9 8Fo] °F 14mL?l 1287 tray
(L54.0xW27.5xH5.0, cm)?} <F 10mL3] 2007 tray
(L54.0xW27.5xH4.5, cm)E& A3l AEE f71%
Ho] F3EA] 4 Ag HFEGFF, T)E AREIS
o, EHe AIIE, JERE AN AQEe|E, I
Zo|EZ} 6:1:1:1:1(&H7 1)l th.

T2 o} A2 A58 AE]717H0, 20, 40, 60Y)
I 255, 10, 15, 20, 25, 30°C)2 ztz+ galsle] z+
259= filter papers 2734 7F petri dish (@90xH15,
mm)el]l SHFE E=24 2 AT Y T IAE
2094 ko= AAEIAT) Ae5h AHEe FAE
TAE FEA A4 A Yo & SRTE A
W RS 58 AElste] 49 AAare] ATt
g A 02 FA= 201393 129 16900 A7) &
T2 EE dx9] g7 APS AlEEeH,
U= Z42ke] A7t 9 AES AAEh
ZAE WiAI3F petri dishE 2 & 52 FA5] ¢
st AR EF-SIST

2% AP BldA U AF E 35%, 50%, 75%
g ol8ste] AXE R RskY dRARIA
AT W) xPEAACA 20143 29 19Y0)] AAE Tk
P 20143 59 2 ZF A2l U A S =
st it Uit AP Bee 47 690.0pum s (A
), 4144um>s'(35% ZFF), 272.0um>s'(50% 2F),
175.7um™s(75% 2Ph= ZAFEAAT. 2F 2o 3=
Z& LI-250 Light meter (LI-COR, USA)E =43}t

Table 1. Seed quality of A. thunbergii used in this experiment.

1000 seeds ] ol 1l
weight (2) Seed weight-L”  Seed no-kg Seed no-LL
1.27 228.4 811,000 220,500

A0 - A2SH, 242 X35 20154

)

2785

3. WOl =A}

i Lold TAF TS ARSI WOkE, Ty (days
to 50% of germination of final germination rates = Ti+(Tj-
Ti)x(N/2-Ni)/(Nj-Ni)),
time=2(Tx'Nx)/N), o}t Y= (germination uniformity
=Y[(MGT-Tx)*Nx]/(N-1))Z 2z} T3 tHCoolbear 5,
1984; Gordon, 1971).

(N: % Wb, Nit Nol th@h 50% ol HakA &
ol Nj: Nell tigh 50% ol 25714 & ol
Tis Ni A7 el Wb/ Y, Tj: Nj AV e
B Web I, Nx: A 9 Wol, T Y F A}
2%)

ol dg (mean  germination

4. HF 3 WEE AL

AR A 12879} 200749 EERE tray 8]
of Z+ At} 194 v $, AREEEE 9 35%,
50%, 75% PR IFE71E IR HjRske] AYSA]
e AN

2014 59 1990l 7 AT 19HAIE de=
2%, 27137, 2 & AERAE sislen, APdRe
Ao A W ATHs 27 AT U5F
o] Agole FoH AFHS =4 F Drying Oven
(DS-80-5, TF&EH8HF), =)0l 105°CE 724K %
s} Hopdz Zgsigict. w3, 49 ATH 1%
F oR IFES oo, Ao e AE
S 4517] 98ke] S/R ratio (shoot(leaf+stem)/root
ratio, S/R)YE T-3Fth.

5. PUT =A

ApgrEe] W A fHe A BASs AL
371 S8t Fol8 gwE 347190 Portable Area
Meter (LI-3000C, LI-COR, Inc., USA)E o|&3dle =
Aslner, G571 Digimatic Caliper (Mitutoyo Co.,
JAPAN)E o]gsle] A s SA3 & Hdgs
=319k, 38, L/W ratio (leaf length/leaf width, L/
W), Leaf area ratio (leaf area/total dry weight, LAR)
£ Tk

6. 2| dE =AL

2p4E #g]o] At FEX(root image analysis) 2 7
Ao (total root length), FFTHHAZ] (total projected root
area), YT Z(total root surface area), HA|H-I](total
root volume), 7127 (average root diameter) 5= =
ARl 98l Kim 520100 93 Wyog
WinRhizo program (2009 HZ, Regent Instrument Inc.,
Canada)ys ARSI
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Table 2. Effects of temperature on germination rate, Ts (days to 50% of germination of final germination rates), mean germination time
and germination uniformity of 4. thunbergii seeds pre-treated with low temperature and wetting.

Pre- Temperature Germination Tso Mean Germination
Treatment (°C) rate (%) (days) germination time (days) uniformity
5 63.3£5.8"b-d 28.7+1.8a 28.5+2.3a 19.5+7.9a
10 70.0+5.0ab 13.5+0.1d 13.5+0.4d 14.5+7 4a-c
Control 15 55.0£5.0c-e 8.6+0.7ef 9.2+0.6ef 3.7£1.0d-g
20 51.745.8d-f 6.7+0.6f-h 7.540.6f-h 2.9+1.4e-g
25 46.7+2.9e-g 8.5+0.7ef 9.1+0.6ef 5.8+1.1d-g
30 38.3+7.6f-h 8.2+0.4e-g 8.7+0.7e-g 3.144.0e-g
5 70.0+8.7ab 18.4+0.7¢c 17.9+1.1c 10.5+5.1b-¢
10 81.7+5.8a 9.5+2.2¢ 9.9+1.2¢ 8.5+4.0c-f
LTW? for 15 71.7+11.5ab 4.8+0.6h-j 5.5+0.8i-k 5.9+4.3d-g
20 days 20 68.3+10.4a-c 4.4£1.0i-k 5.3x1.1i-k 7442 9c-g
25 66.7+2.9a-c 5.8+0.7hi 6.3+1.1h-j 8.2+3.3¢c-g
30 33.3+2.9¢g-i 22.6+3.9b 21.8+2.2b 18.4+8.8a
5 71.7+12.6ab 6.3+1.4g-1 7.0+1.8g-1 9.8+4.8b-f
10 80.0+10.0a 3.5+0.7j-1 5.1+0.4i-k 17.2+3.8ab
LTW for 15 78.3+2.9ab 2.3+0.2kl 2.7+0.5Im 1.3+1.0fg
40 days 20 76.7+12.6ab 2.7+0.4j-1 3.8+0.6k-m 8.6+3.6¢-f
25 73.3+7.6ab 2.9+1.1j-1 3.7+1.6k-m 4.4+3.1d-g
30 46.7+10.4e-g 3.1+0.8j-1 4.5+1.0j-1 11.8+3.3a-d
5 23.3£2.9i 3.1£0.8j-1 3.7+1.1k-m 3.7+3.3d-g
10 25.0+5.0hi 2.3+0.6kl 2.8+0.8Im 1.8+2.7fg
LTW? for 15 30.0+8.7hi 2.0+0.01 2.0+0.0m 0.0+0.0g
60 days 20 26.7+10.4hi 2.1£0.11 2.3£0.4m 1.3+2.0fg
25 23.3+10.4i 2.3+0.3kl 2.9+0.8Im 3.1+4.5e-g
30 20.0+5.0i 2.240.31 2.6+0.91m 2.8+4.8e-g
F-value
Source L Mean Germination
Germination rate Tso germination time uniformity
Pre-treatment (A) * * *
Temperature (B) * * *
AXB * * *
“LTW : Low temperature with wetting.
¥ Mean+SD.
* p<0.01.
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o, AeH5s xE 20~4099 10~15°CoA A53F A
o= Ueigth 53], Asd Ay TRMEEE dols
o] 0dollX 40U7HA] BF 10°CAlA 7P =9kal 251
ZE= A8 g 7|7k B 20~40U94 7P =
ZAREICH(Table 2). A5 Ag] 60Yolx= Wols
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2521 30°CelA Hokgo] 7R B Ao g YEiTh
Kang 5(2000)%] ®arol] w=w wigael Ahehso
wolge 55 AMIEFe Aol FA7] g =
86%AIL A28 HEollMe A oA igkow,
Lot ABFY B9 FAE dRDAAME 70%HAL A
258 Ag] GRANME 26%= Holgo] Axsitial
31t oleg Ayle FYUS Wigls} AEolx|ul, A2

S AYE T8l Polgo] FHe B AP

o} AullE A9E Hole Aow VRt

Tsp F-A2]7te] 5°CollA 285U = 7 Aa 5Y
g &% YollA] Aess A 7Ike] AoESE HolA|
© AeS HoW, A5d AE 60delx 7R #@A
EPdTHTable 2). o] L7 A58 A%
(Schopmeyer, 1974yS- gho@X FA}o] FHy ol o
AEZo] luj=o] Woly} whe] o]foizl ZloZ ATk
o} 3, ALGss A 2099 30°ColHE Tsel F
HAZ A Jepded, ole 4% a2 Az

T =2 T
Badolda—= FAET] 5°CellA 7P Al Al

2785

[e)
Run

A2l 6029] 15°CollMe 7FE #e Aoz FAR o
Aesd A7t 2ojdss dole BEFE B
om, Tyt Ao ATBAS Hol= Ao Uepdrh
Woltd® wgk FAETY] 5°CelA 7P =4 ZALE
Aot AesE AGE sivle w ot wekA dAH
Ql Brdold4rt Fopgon oz <l WolitdEr)
stobr] Bot 2829l ARt ke Aew Az
T(Jeon 5, 2013).

(o)
ARl RS 12879F 2007
EF 50% 2ol ZH2) 24.2eme} 22.6cmE ZF £7]
oA 7Hg e, F 87] BT aRdgo] Goldas
ZlolA] Mgl 7 AT Table 3). o] A 22
Z7go] Fg B} xpg AHElgollA] ddiFom 2 A
A4S B3l AL 2oz Q] AR Aol HATH
ko] FYERY] wEo=z ATHTH(Lee 5, 2012;
Park &, 2004). $HH, APFH-5S 2183h= 2kl =
o] A= 50% ARglA =FAgo] 7P T2 Ao=
Hi1E]o](Jeon 5, 2014) ¥ AP AREF9} FUZE 2
= Hole AoF VRt

Z717)739] S 12874 0.95~1.16mm, 2007l
A1 0.90~1.03mm=Z F3FolA 7 FAaL 2FE0] =
OlEGE ThsolR = AES HYTH(Table 3). 21&E9] B
AL AFE0] TS TteEoAle 3loE 4y

=

Table 3. Height, stem diameter and main root length of A. thunbergii seedling by container volume and shading rates.

Tray Shading Height Stem diameter Main root length
(cavities) (%) (cm) (mm) (cm)
0 17.3+2.3%d 1.16+0.12a 8.8+2.1a
35 20.3+3.0bc 1.13+0.09ab 6.8+1.9ab
128 50 24.243.0a 1.07+0.09abc 6.9+2.0ab
75 22.1+2.8ab 0.95+0.18bc 7.4+1.3ab
0 14.7+1.5d 1.03+0.18abc 7.3+2.7ab
35 20.1+1.1bc 0.99+0.14abc 7.1+2.4ab
200 50 22.6+2.0ab 0.94+0.18¢ 5.4+£0.9b
75 20.3+4.0bc 0.90+0.28¢c 6.9+1.8ab
Source F-value
Height Stem diameter Main root length
Tray (A) sk *ok -
Shading (B) * ** -
AXB - - -
“Mean=SD.

* p<0.01 ** p<0.05.

A0 - A2SH, 242 X35 20154

181



Hedl(Ha 5, 2012; Lee &, 2007), 2 A|Fe] =714
7 ESE o]9} TS AES Hole Aoz YeRth
TS F 87 BEF FgA A 50% xgellA T
& #wA Jeister, Zb 871 uelA xR felide
Holx] odglrt.

AHZNF

2 QY
F3o] JdHAe 12879 2007 EF 50% 2153l
A ZAE 2.76em*?} 2.29em’E 2+ 87] ol 7 |
AL gl A 71 At 7P B guE A
HRl 50% g2 7P AxS Uy AFS H A
F ®1o} oF 15~1.68] He Ao YEPITH(Table 4).
ShH, gudo] HgolA 7Y 22 AL fEHE =
Fert o] ASEES ARy WEeRE
Hok(Hiroki} Ichino, 1998).

FEO Aol Be ATFeA o7 zeolE Hol
A itk SRR, AT Lwe 12879 2007
50% 2FEolA 7Y =8 3he B ARgEo] vold

N

15

2

HH

HUNY

T Zho] Yol Ay Lwe dudnt Ao A
IAE Kol Aoz Yt gudst 942 2007
Ho} 128700M ASE AR5 Auizlor o A%
S B, 12870lA ASE FHE EX9 o]2lskd
HEE Akt Ho w2 AkF SUE 7|uiE
NS Ao A=)
LARS gto] 255 7IA vith & $4948E 71AA
Hed), 2] LARS 12879 A9 xpggo] Eo}
AFE AROH, 2007 A9ole 2EEo] ZoldS
= AA 50% 2FolA 7P =T oA gAshe
Ao = R

A} =715 A4S ARSI 22 0.63~0.80mm
o} 2.6~3.712 ZAREANOH, 7 HEE & Aolg B
o|x] I}, 2807 o]fEE AR Qo] WAy &
A 27l oA Fadh Al e HPoA
87.1~87.8%=, XBolA= 89.8~91.7%= FA}Eo] 33
Ho} 23goll ] Aizlos =o Aog yehted, o
28t I8 GUALS(LART Ao AAIAE Hol

> ol

Table 4. Leaf characteristics of 4. thunbergii seedling by container volume and shading rates.

Tray Shading Leaf Leaf length L%al}: Leaf aspect LAR” h.LEaf No. of Leaf water
(cavities) (%) arezza (L, cm) widt ratio (cng']) thickness shoots contents
(em) ’ (W, cm) (L/W) (mm) (%)
0 1.89 16.4 0.1 162.8 62.5 0.80 3.0 87.8
+0.40°bc +3.5b +0.0a +36.6b +11.6de +0.12a +0.0ab +1.8b
35 2.25 19.9 0.1 196.3 89.2 0.63 3.1 89.8
128 +0.77ab +5.0ab +0.0a +46.2ab +17.1bc +0.07a +0.3ab +1.7a
50 2.76 223 0.1 2234 95.3 0.69 3.0 91.4
+0.48a +3.4a +0.0a +37.0a +12.9abc +0.15a +0.5ab +1.2a
75 223 18.4 0.1 194.0 101.7 0.67 3.0 91.6
+0.58ab +3.6b +0.0a +27.8ab +20.6ab +0.08a +0.6ab +1.6a
0 1.47 11.8 0.1 117.9 55.8 0.65 2.8 87.1
+0.19¢ +1.7¢ +0.0a +16.9¢ +11.3e +0.13a +0.5b +1.8b
35 2.02 17.7 0.1 178.7 78.8 0.72 2.8 90.0
200 +0.23bc +1.6b +0.0a +12.1b +8.9¢cd +0.15a +0.4b +1.2a
50 2.29 19.4 0.1 190.5 110.8 0.67 3.5 91.7
+0.28ab +2.3ab +0.0a +22.1ab +29.3a +0.18a +0.5a +1.9a
75 1.88 16.6 0.1 164.1 79.8 0.76 2.6 90.1
+0.38bc +3.8b +0.0a +40.3b +10.3cd +0.04a +0.5b +2.4a
F-value
Source Leaf Leaf Leaf aspect Leaf Leaf water
area Leaf length width ratio LAR thickness No. of shoots contents
Tray (A) *k * - * - - - -
Shading (B) * * - * * - o *
AxB - - - - - - *x -

“LAR (Leaf area ratio)=Leaf area/Total dry weight
¥ Mean+SD (n=6).
* p<0.01 ** p<0.05.
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Lok APl whE Ao dophs B 271S

= ZAeE yeth wEiA ARls Tle et ot
el 23] 2RSS ALk QM= 2kgol 2
23 Aoz Az,

12879} 2007 E5F 3 Kok Zgella] Aol
okom, 53] 50% 2RgolM d8ge] 7 £& A
el ol ARRoE Qs 4HESe] Aol 2HA
g o] FYENY] WiEeE ATEHKim 5, 2010a;
Lee &, 2012). &3h, &719] &F ) we} 24, 14,
FF 59 =7} Y=, olHdt Age] Ave ¥
Aol o2 Folw AHRFo] Al A&HHoR JIS
n)& Rog AyztEn

oif

o

2.3 HYY

durd oz Wee shlof AES TN IS
shH, EYOoRRY FEH FU9YES STkl g
=S AFshs 715 7HAAL Ath(Lee, 1993).

8719} 2gS GElste] AS3 Ao B e
Fig. 13} 2t} 2H5ee] ¥ej) AL Ao, A8
Zole 12879 2007 EF AFolA 7t 59.2eme}
54.0cm= 7Fg Aglor, 7t &7] WellMe adgo] =
olAE ol AES BHAk =3, 12879 2007
oA A Dot 7Y 11 HBe P #HL 75%
2RgelA Bk eF 1.3u) 1 ZeF YERGTH(Table 5).

ARPERE JHoR §Ao] F 12870l AR
Aozt 71 Fo= vERt BEje] Aol A-golle
8719 A7) &)l FgS e A4S & F Uk o
A zRFEo] FolESE Bl o] Azt AL
a2 EalEs 334 42HE vlgo] Auldow v}
7] Eo & AATHKim, 2000; Loach, 1970).

Bgle] FEumAy gl - 12879 3P
A 35em®t 1.1em®E 7FF giden, 1 thee 200
T 35% 2PgolA 34em’} 10.7em’E E=UTH oE
A= 7P w2 AT Boh 140m09F 1394, 1.36
wie} 1.348) Bl Aoz Yehdth

A 22 840 2007 50%2F 75% =
FBollA 214 Fols HolH, =4 YeldEd], ol
AiF e R Aol o] Mxsi7] wiEo R ABZtE
o, JARYdol7t e Ao FEe A9E Az
o}, B Ra]e] Aol AAZE 0.11~0.18cm’E ZAKE]
Aom, 7t Helgte] 94 Apole YeRA ekt

ShA, skale] whE] Aol Aol FMES 35% A%
X Jeon 5, 2014), FHE 25% ZFFIX(Kim 5,
2012), 3= BTN (Song 5, 2014) 7P &
3t Ao= Hawo] AEe] BN w3t 7b7] A4
Sk Zpgo] g2, 23s B9 B B £
ASS FlEiME B4 89S ¢ S Qo

128 cavities tray (shading rate: 0%, 35%, 50%, 75% from left photo.)

200 cavities tray (shading rate: 0%, 35%, 50%, 75% from left photo.)

Fig. 1. Root images of A. thunbergii seedlings by container volume and shading rates.
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Table 5. Root morphological traits of 4. thunbergii seedlings by container volume and shading rates.

Tray Shading Total root Root project Root surface Root diameter Root volume
(cavities) (%) length (cm) area (cm?) area (cm?) (mm) (cm?)
0 59.2+7.0%a 3.5+0.5a 11.1x1.7a 0.60+0.06bc 0.17£0.04a
128 35 50.3%11.0bc 3.0+0.7bcd 9.542.1bcd 0.61+0.11bc 0.15+0.04a
50 48.8+7.0bc 2.9+0.6bcd 9.2+1.7bcd 0.60+0.06bc 0.14+0.04a
75 46.5+7.5bcd 2.5+0.5d 8.0+1.5d 0.55+£0.07c 0.11+0.03b
0 54.0+7.2ab 3.24+0.3abc 10.0+1.0abc 0.59+0.04bc 0.15+0.02a
35 53.4+7.1ab 3.4+0.4ab 10.7+1.3ab 0.64+0.04b 0.17+0.02a
200 50 44.2+6.5cd 3.1+0.4abc 9.8+1.2bcd 0.71+0.05a 0.18+0.02a
75 40.9+6.7d 2.9+0.4cd 9.1+1.3cd 0.71+£0.07a 0.16+£0.03a
F-value
Source Root Root Root Root
Total root length project area surface area diameter volume
Tray (A) - - - * *
Shading (B) * * * - -
AxB - - - * ok

* Mean£SD (n=6).
* p<0.01 ** p<0.05.

24 457 R N5Y
ARFE 2goz o] slo} 7MY Fasitiu @
F JE AT AT Aol 12879 50% 2

oA 024102 7P EQkow, 1 TS 2007-9]
50% xE3F 35% ARgOlA 0.212g7 0.204g SO2 F
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Table 6. Fresh weight, dry weight and S(leaves+Stem)/R ratio of 4. thunbergii seedling by container volume and shading rates.

Tray Shading Shoot (g) Root (g) Total (g) S(L+S)R
(cavities) (%) F.W./ D.WY F.W. D.W. F.W. D.W. ratio
0 0.203 0.025 0.116 0.008 0319 0.034 3.8
+0.059*ab +0.009a +0.026a +0.003a +0.074a +0.011a +2.8a
35 0.182 0.019 0.078 0.007 0.259 0.026 34
128 +0.054b +0.007ab +0.028bc +0.003a +0.077ab +0.007ab +2.4a
50 0.241 0.021 0.073 0.008 0314 0.028 3.1
+0.050a +0.006ab +0.026bc +0.003a +0.070a +0.008ab +1.4a
75 0.193 0.017 0.056 0.005 0.249 0.022 32
+0.067ab +0.009b +0.033¢ +0.002ab +0.096ab +0.011b +1.0a
0 0.155 0.020 0.092 0.006 0.247 0.026 3.7
+0.034b +0.006ab +0.027ab +0.003ab +0.045ab +0.008ab +1.7a
35 0.204 0.020 0.090 0.005 0.294 0.025 4.9
200 +0.034ab +0.003ab +0.037ab +0.003ab +0.058ab +0.005ab +2.4a
50 0.212 0.018 0.057 0.003 0.269 0.021 49
+0.039ab +0.005ab +0.012¢ +0.001b +0.040ab +0.005b +1.8a
75 0.161 0.017 0.061 0.006 0.222 0.023 3.3
+0.052b +0.008b +0.025bc +0.003ab +0.073b +0.008b +2.2a
F-value
Source Shoot Root Total S(L+S)R
F.W. D.W. F.W. D.W. F.W. D.W. ratio
Tray (A) - - - * - - -
Shading (B) ** - * - - - -
AxB - - - - - - -
” Fresh weight.
¥ Dry weight.
* MeantSD.

* p<0.01 ** p<0.05.
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