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Abstract

Objective of this study was development of a new type of leaf vegetable
by garlic bulbils. The objective of first study was found out an optimal bulbil
size and planting densities of garlic bulbils to germination for production of
leaf garlic. At first, the germination rate, plant height and total yield were
observed at different planting densities and sizes. Secondly, the lengths,
widths, fresh weights and dry weights of bulbils were measured. After,
each factor was divided into five ranges, and germination was measured for
each range. The second study, in order to use the garlic shoot as a new
leafy vegetables, investigated the optimal disinfection methods and the
optimal temperature to less infected, germinate of garlic bulbil. The
disinfection methods used the solution of NaOCl and UV lamp. The
concentration of NaOCl was 0—4%, and soaking time was 0—60min.
Irradiation time of UV lamp for disinfection of garlic bulbil was 1—4 hours.
Later, garlic bulbils were germinated at 20C, 25T, and 30T after 45
minutes of soaking time in 2% NaOCI. The objective of the last study was
found out to optimum concentration of the nutrient solution for the
production of leaf garlic which is a new application form of garlic. Moreover,
the optimal storage method for distribution was investigated and then a
preference survey was conducted to determine market values. At first
experiment, the growth factors of leaves, which were grown under JHS EC

1.0dS - m ! and JNU EC 1.0, 2.0, and 4.0 dS - m ! in the plant factory, were

iv



measured. After harvesting, an initial weight of the harvested leaf garlic
was measured, and the amount of weight loss was measured. During this
experiment, leaves were packed by 4 methods (completely opening and
sealing, 10,000 and 80,000 cc-m 2-day '-atm ' of non—perforated
breathable film), and the temperature treatment was held together at 5C
and 20C. Lastly, the questionnaire consisted of four questions was made
and 108 people responded to the survey.

Result of the first study showed that the density of 18,240 bulbils/m?was
the most suitable for cultivation because of the highest germination and
yield. As a result of analysis to morphological characteristics of bulbils, the
welght showed a positive correlation with the width. And, in a result of
analysis to morphological characteristics with germination, the germination
rate showed a positive correlation with the fresh weight and width. In
conclusion, the optimal planting density and size were 18,240 bulbils/m*and
0.2g, respectively. However, thicker and heavier bulbils could lead to higher
and faster germination. As a result of the second study, NaOCl was more
effective than UV for disinfection. Considering infection rate, germination
rate and T50, the proper concentration of NaOCl and soaking time periods
were 2—3% NaOCl and 30—45 minutes. Low infection rate and high
germination rate were showed at 20C. As a result of the last study, all of
the growth factors measured on day 16 showed the highest figure at 1.0 dS
-m '. In addition, when leaf garlic was stored, the rate of water loss at 5C

showed lower figure and decomposition was delayed too. Packaging



materials showed higher water loss in the order of complete open treatment,
80,000 cc-m ?-day ! atm™! treatment, 10,000 cc-m ?-day !-atm !
treatment, and complete sealing treatment. Therefore, it would be most

“1oatm™! film

appropriate to packing of leaf garlic for 10,000 cc - m~? - day
at 5C. As a result of preference survey, the negative response rate was
higher than positive for its pre—images that were asked before the tasting.
However, after the tasting, positive response rate was higher than negative.

Therefore, the suitable size of bulbil was 0.2g or more, especially larger
and thicker bulbils. The suitable method of disinfection was concentration of
NaOCl and soaking time periods were 30—45 minutes in 2—3% NaOCI. For

leaf cultivation after germination, JNU 1.0 dS-m ' was suitable for

cultivation. After harvesting, the most appropriate way as packing leaf

2 1

garlic was 10,000 cc - m™2 - day ! - atm™ ! film at 5C. Lastly, as a result of
the preference survey, the leaf garlic will be considered to its own market

value.

Additional key words: Namdo garlic, NaOCl, non—perforated breathable film,

nutrient solution, plant factory, preference survey, shape of bulbil, UV

vi
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Chapter 1. Effects of Morphological Characteristic and Fresh Weight

on Germination and Growth of Garlic Bulbil

Abstract: The objective of this study was found out optimal bulbil size and
planting densities of garlic bulbils to germination for production of leaf
garlic. First, for this experiment, they were classified by the size of bulbil
to Big (>0.2) and Small (<0.2). Also, the bulbils were planted as 13,680
bulbils/m? and 18,240 bulbils/m* (Big), and 18,240 bulbils/m* and 22,800
bulbils/m? (Small), respectively. The germination rate, plant height and total
yield were observed. In Second, 200 peeled garlic bulbils were measured
with length, width, fresh weight and dry weight. The correlation of days to
first germination, TS50 and germination rate with fresh weight, length and
width were observed. The categories were divided into five ranges of each
factor (length under 6.5 to over 12.5 mm, width under 4.5 to over 10.5 mm,
and fresh weight under 0.2 to over 0.65g). In the first experiment, the
germination rate was shown the highest at big bulbils. So, as a result, the
density of 18,240 bulbils/m? was the most suitable for cultivation because
of the highest germination rate. In case of the yield, it was found that both
of the fresh weight and the dry weight of Big bulbil was 2.8 times heavier

than Small one. Therefore, big bulbil with the density of 18,240 bulbils/m?

-7 -



was the most suitable for cultivation because of the highest yield. The
correlation between each factor of morphological characteristics were found
as positive correlation between fresh weight, dry weight and width. Besides,
the germination rate had positive correlation with fresh weight and width.
And, days to first germination and T50 had negative correlation with fresh
weight and width. In conclusion, an optimal planting density is 18,240
bulbils/m? and optimal size of bulbil was 0.2g or more. But, thicker and

heavier bulbils could lead to higher and faster germination.

Additional key words: germination rate, length of garlic bulbil, Namdo garlic,

width of garlic bulbil
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represent the standard error (n=5 and 25, respectively).
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Table 1—1. Effects of bulbil size and planting density on germination of

garlic.
Planting density
Bulbil size” Germination rate (%)
(bulbils/m?)
Small 18,240 26.6 bY
22,800 27.0b
Big 13,680 52.8 a
18,240 47.2 a
Significance™
Bulbil size (A) sk
Planting density (B) ok
AxB NS

“Small is <0.2g, mean 0.14g, Big is 0.2g>, mean 0.32g.
YMean separation within columns by Duncan's multiple range test at 2<0.05.

*NS, =*x, s#% Nonsignificant or significant at £<0.0land 0.001, respectively.
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Fig. 1—2. Difference in the change of garlic leaf height on bulbil size
and planting densities. Vertical bars represent the standard error (n=48).

Data mean separation within columns by Duncan's multiple range test at P<

0.05.

SA A9 AAEE E A wE 2 W3tk v 2ol yEbE o (Fig.
1-2). Fobe A7 AAUE B 2} Aol =3 Waks dolge] A9
28 F95Q zpol7k vrebukA] ekokth. eu 59 Akell = 18,240bulbils/m?
o] 2 AAEE Al TelA tiFel 11.73, &FoF 9.65cmE thFol7p o}
Hoh oA whE QS debdllh ks olwbse] ASeli= 18,240bulbils/m”
o] AAEIolM thFolE ol gshs Aol AER Jow ekEvh 2 Aol
= 9EvhEY Fotd] A7t E5 2d 9 Ade] 483 JoR yehdus

o] M9 79 A3 (Kim et al., 2009) & 72 AdS w3tk o ¢ 49
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Table 1—2. Effects of bulbil size and planting density on fresh weight and

dry weight of garlic leaves.

Planting density Fresh weight Dry weight
Bulbil size”
(bulbils/m?) (g-m™? (g -m™®

Small 18,240 8.6 b” 1.0b

22,800 109b 1.3 b
Big 13,680 31.5a 3.4 a

18,240 23.6 ab 2.7 ab
Significance™
Bulbil size (A) * o
Planting density (B) NS NS
AxB NS NS

“Small is <0.2g, Big is 0.2g>
YMean separation within columns by Duncan's multiple range test at £<0.05.

*NS, *, #* Nonsignificant or significant at £<0.05 and 0.01, respectively.

718 F&& By A ¥ FoE yUEwi, dEss AvE AN A3E
Hol Zow yelgth AAF A9 LFole Hit 9.8g - m?, fFole
# 27.6g - m°E, UlFobrt 2.8 71EF 2 RS & F A9tk AET AS
T o9t FAREE HElR, ol ¢ 3.0g - m Y, 2Foks l.lg-mC®, 2.7
w7k digeelrt A vk AlA A el ek 22,800bulbils/m* A 2]

AN BAIFTH dEF 5 7P S JERstth webd sEEe] b A o
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Fote] Fehd B4 FA e Wok

Fol 20089 Ho], & AAFH AETS S5t ZF 2917k AdAnAE
B Ays 23 2t (Table 1-3). 5 Q9 7+ 0.05 9 F3oA]
Folet ATAAZF e o, Fole] AT Fo A ATASF r=0.80,

E uRZHAE r=0.239] W e dERlch Foke] AAFH AEF

1o
o,
o

r=0.95% "¢ ¥ FE FuAo] vebEth

Zb @19 we AR AR dibs vEd 2ol UEkth(Fig. 1-3). 2
A9 Astel vV R F3 YAF, F3 AdEFTE A RPEko] 0.65, 0.56
o F& A E7F etk (Fig. 1-3D, 1-3E). vkE Fole FAC 48

Zh= QRl1e Folw, Aol ofEf Q49| iAol glv FoE ddd

Table 1—3. Coefficient correlation between morphological characteristics of

garlic bulbils.

Length Width Fresh Dry weight
(mm) (mm) weight (g) (2)
Length (mm) 0.23%%* 0.37 %3 0.3 3%
Width (mm) 0.8 0% 0.75%%%
Fresh weight (g) 0.95 %%

Zex sxx significant at £<0.01 and 0.001, respectively.
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Fig. 1—3. Regression analysis of morphological characteristics and weight
of garlic bulbil. (A); length and width, (B); length and fresh weight, (C);
length and dry weight, (D); width and fresh weight, (E); width and dry

weight, and (F); fresh weight and dry weight.

-21 -



oJHO) W ATES F= 0.5-0.7g9 Fob 0§, BF A7 @ WA,
Aul o, a AAA] wE Agel Aold] FHE T SRR

(Nam et al., 2005; Choi et al., 2009), & Ao = Fo} zA 2] EAdo] o}

Zato] AAFH dol, & 7t 5744 WHEHlE vre] 219 Aol wpE e}
3} A o}l AFY, wolr] (ol 50% 9 UAL, T E SHEAI, e
O3 Z3kth(Table 1-4).

Fole] AAFo| wE FopA], Wely], Wolg BE Wl§ we FFEORE {9
gk Zpol7F ypEbstth HobAl= 0.2g mIRRe] FAlOlA 3.8YE VMY == Jlew
e, 0.35g o1/de] FAlelA 1d=E, /M wE As & 5 9l el
o] A% olgt fFAFSHAl 0.2g mIRES] FAlNA 8.5U=E 7HE =1, 0.65g ©]
Ao FACNA 7 wEA et o= Kim et al.(2009) & Fote] A7] (-
M7y S5 &) witvks A5 At A et HE Dol
739 0.35g o]ate] FololA skar, 0.5g o]+ FololA A vEbstt,

Fo} Zoje wpE woe] A4S wobAlsl Wobg BF 0.05 FEAM A

N

Zpol7b @1l Wb wholr]o] A 12.5mm o] e doleA 652 7HE =,
6.57RF—=8.5mm, 10.5—-12.5mm ¢ FolelA 5.3-55U% 7H¢ 1 I8t
W= Zow yebgth ey HE Toba ] A 10.5-12.5mm oA E1L
6.5mm "|gFA W2 Flo R yepgkon, AyHor Zolo A AAFH:=
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Table 1—4. Effects of morphological characteristics and fresh weight on

days to first germination, TH50 and germination rate of garlic bulbil.

Days to first

Germination rate

Characteristic T507
germination (%)
Fresh weight 0.2 > 3.8 a” 8.5 a 75 ¢
(2) 0.2—-0.35 1.8b 7.0b 72 ¢
0.35-0.5 1.3 be 6.0 ¢ 86 b
0.5-0.65 1.0 ¢ 6.0 ¢ 91 ab
0.65 = 1.0c 5.0d 97 a
Length 6.5 > 1.5a 5.5b 72 b
(mm) 6.5—8.5 1.5a 5.3 b 80 ab
8.5—10.5 1.3 a 5.7 ab 75 ab
10.5-12.5 1.3 a 5.5b 83 a
125 = 2.0 a 6.5 a 76 ab
Width 4.5 > 3.7 a 7.8 a 69 bc
(mm) 4.5-6.5 1.8b 6.5 ab 67 ¢
6.5—8.5 1.2 bc 5.5 be 83 ab
8.5—10.5 1.0c 5.2 be 91 ab
10.5 = 1.0 ¢ 4 c 97 a

“Number of days for 50% germination.

YMean separation within columns by Duncan's multiple range test at <0.05.
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Fob 2o A3 YAZ PPAPAE oA, o], wobfo] BF WP ¥
o sEow 9% WL WAL Aow UEdt Wol it 45mm 1w

FoM 37LE 7 == A C® YERRAL, 6.5mm ©]/de] FHelM 7 R

32
R

lol7] o] AL % o]9} &AFSHA 4.5mm mTEe] EoA 7.89=% 7 =
6.5mm ©]4e ZA 7HF wE ZHAow yeyrth HE dolsol ASLE=
10.5mm ©]4e] FolA 97%=z 71 w2 wolgS et ueba, ol o

2ol @&y =2 dWolgS Y= 6.5mm ©]e B 2o & 18|31 0.5g

Table 1—5. Coefficient correlation between morphological characteristics

with date of first germination, T50 and germination rate of garlic bulbil.

Days to First

T507 Germination rate
germination
Fresh weight (g) —0.78 #xx¥ —0.85 *xx 0.90 s
Length (mm) 0.13 NS 0.48 NS 0.27 NS
Width (mm) —0.78 sk —0.75 sk 0.78 s

“Number of days for 50% germination.

YNS, #** Nonsignificant or significant at 2<0.001.
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Chapter . &% WHI L5V} vls Fole o LA nX+=

Chapter II. Infection of Garlic Bulbil as Affected by Disinfection

Methods and Temperature

Abstract: In order to use the garlic shoot as a new leafy vegetable, the
optimal disinfection methods and the optimal temperature to less infected
germinate of ‘Namdo’ garlic bulbil were investigated. The solution of
NaOCl and UV lamp were used for the disinfection methods of garlic bulbil.
The concentrations of NaOCl were O (control), 1.0, 2.0, and 4.0%
(experiment 1) and O (control), 1.0, 1.5, 2.0, 3.0, and 4.0% (experiment 2).
Soaking time periods of NaOCl were O (control), 15, 30, and 60 minutes
(experiment 1) and O (control), 15, 30, 45, and 60 minutes (experiment 2).
Irradiation time of UV lamp for disinfection of garlic bulbil was 1, 2, and 4
hours. Garlic bulbils were germinated in a growth chamber at 20C, 25T,
and 30T after 45 minutes of soaking time in 2% NaOCl. In experiment 1,
infection rate was the highest and germination rate was the lowest at the
control treatment. The soaking time did not affect t& germination rate, but
the infection rate was reduced in accordance with soaking time. At 4.0% of
NaOCl treatment, the germination rate was reduced. In experiment 2,

infection rate was the highest and germination rate was the lowest at the

-32 -



control treatment same as experiment 1. Considering infection rate,
germination rate, and TH0, the proper concentration of NaOCl and soaking
time periods were 2—3% NaOCl and 30—45 minutes. Germination rate at 4
hours irradiation of UV lamp was the highest, however, infection rate was
higher than the other treatments of NaOCl. As increasing the temperature
to germinate of garlic bulbil, infection rate increased, however, germination
rate decreased. Low infection rate and high germination rate were showed
at 20C. Overall, NaOCl disinfection method was effective and garlic bulbil
should be put to soak in solution of 2.0% NaOCI for 45 minutes or 3.0%
NaOCl for 30 minutes, and also should germinate at 20C to use it as a leafy

vegetable.

Additional key words: germination rate, infection rate, Nambo garlic, sodium

hypochlorite, UV lamp
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At 193 H 25UNE dotry] 9l Aopd A EF (NaOCD 3 UVH
EZ A E stk WA NaOCle| &% a3s dofrr] s 14 d3g2 1.0,
2.09} 4.0%2 Gfel 15, 303 602 FAsk3laL, 22 A€ 1.0, 1.5, 2.0, 3.0
I 4.0%° &Nl 7t 15, 30, 457 60+ HA AP At EE HE & &=
= B AF 3 HE FH FolE filter paper No.2 90mm, Adventec,
Japan) & ¥ petri dish(90x15mm)el 47502 2554 X]A}slo], 10mLo)
STHFE BEEdh 12 AP 20149 119 21904 12€ 3d47A, 24
A2 201549 24€ 24Ul 327 A & H3U T

UV lamp? 4% aHE dotr7] & 50cme AZelA 1, 23 4A]7F UV
lamp (SanKyo G40T10, SANKYO DENKI, Japan) & XA} g 3t & =FF=2

A, 9ok sdetA A skt 2 A 20149 1249 4dAM 17L7HA

A= AYd Foles 2% 20T, F% 60%= A4st A5 (Multi—-Room

Chamber HB—302S—4H, HANBAEK Co., Korea) o] ¥o] A7+ Ao wE @

9w wol § Folo] £F 2447 HAOE ZAFYLh olF 2AE o4
A 9 ol 1 Foto] £E WEE (%) thehlol AR shelck
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g BT ZARE 2443 A S ® ol 4l e o] A Folo] £E ZAbs)

91, 20159 11%F $335 it}

EAA ¢
BE AT SAYINN SPon, WAL 4R st AN

+ SAS 9.4(SAS Institute, Inc., Cary, NC, USA)E o|&, 95% A

ftlo
oY,

Duncantb=#d 4 o2 F24 % 3Fal SigmaPlot 10.0(Systat Software Inc.,

Chicago, IL, USA) & o]&3sto] 182 E 245kt
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At GRS dotry] & FAs 13k Ao Ay tg ) @kt (Table
2—1). NaOCl9] s5& ggsto] Hst 49 Be Agelx FAHg7H 24
o] radte] AWA O R Wotgo] FUtEE AoR yebyth =3 o9 7AaE
7} delg HAA A FE 25 9FS F2s
2 Qg Y UEhA Attt 4%9] wEE AT
Al sxel vlE W2 6.2%% vebgth 28y #HE dobgS 68.3%%E 1.0%
NaOCl #2729 77%xH}t FoaA WA vded, ¥ 5522 NaOCl H 2 o)A
£ odbolgo] fadE o ekt A A7 A4S o9 dge 158 3

HAA Y Al Aubold s AoR YEhsta, wokd

T

A A el Bt 60
o] s dUERA FSkth Aol webd e @9 WAL 4% Re AAAEY
T8 2% 60 FA AeTrolA @A vebgt ey 4%l 153, 60%
Al gk g wob& o] AT yEbsth webs A3E Feke 2 deolg e 7
2 Qlol eaAls FHAas a7 fsiMe= 2% NaOClell 60%, 52 4%l
30 HAsk= Aol anAl Ao R dE Tt 1y 4% NaOCle] o #

A AIZE Aol = Eobg o] ATt UEhd o R Hof obdAS fls Byt
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Table 2—1. Effects of concentration and soaking time of NaOCl on infection

rate and germination rate of garlic bulbil.

Soaking time Infection rate Germination rate
Concentration (%)
(min) (%) (%)

Control 50.5 a 48.0 ¢*
1.0 15 27.0b 73.5 ab

30 19.5 be 81.5a

60 16.0 bc 76.0 ab
2.0 15 23.5b 69.5 ab

30 18.0 bc 71.0 ab

60 8.0 cd 78.0 ab
4.0 15 9.0 cd 67.5b

30 8.5 cd 70.0 ab

60 1.0d 67.5b
YSignificance
Concentration (A) *k s
Soaking time (B) Hkk sk
AxB NS NS

“Mean separation within columns by Duncan's multiple range test at P<0.05.

YNS, ##%;Nonsignificant or significant at 2<0.001.
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B9 A Fad FJA ARE AR {94 zpol= e Zow dEreou A
A9y HE 49e 2 Polgy T509 A$ A wek HAA Alzte] wel
T ztelE BT A e WAAAS] A vz shE wsron,
AA e wlEste] Hak =EAE Zo®E JEth HE 29 WAES
NaOCl A& F%7F =55, 281 IAAZIe] AAAFE sholx]= A
wolom, gxTelA 7Hg Eokth wokg o A FAE T 13%E M BHA
eI, NaOCl A2+ 53-86%% thETFRU A4 ey, FAznos
NaOCl& Hgshs Zo] HFAHOoE Welgs F7HA7IE AoZ yeryteh &

ol 2.0% NaOClel| 30+ HAAHE AN 86%= 71 =4 YelEth HA] Al

Zhol] W& Wol& o] Zol= 308 FAAHYF 72%= 7P =A e ol
71 (ot 50%%] DA, Ts0) o A9 HFH oz Holgo] 50% & €A &Id
TG 77 M == Zog et EAFCE 1.0%8 1.5% NaOCleA

},ﬁ

£ot A AlZro]l ZojHel whep FA SR dEe] Ao 2.0% ©%
°] NaOCl AHzglFef vla] f-9de =z =4 YeErEth whd 4.0% NaOCl A2 ¢
A 29 A P wekoy wopgo] Frave AFS vEhd 2.0-3.0%
NaOCl A7} Ags Aoz ket o)t Ads T3 & =, 2.0%
NaOClel| 45% A £& 3.0% NaOClol 30% HA A7t 714 dgs 2o

2 e}
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Table 2—2. Effects of concentration and soaking time of NaOCl on days to first infection, infection rate days to first germination, germination rate and

T50 of garlic bulbil.

NaOCl

Soaking time

Days to first

Infection rate

Days to first

concentration (%) (min) infection (%) germination Germination rate (%) T50
Control 1.751 83 a 1.3 ab 13 ¢ 13 a
1 15 3.8 hi 41 b 1b 53 f 8.5 be
30 3.8 hi 33 bc 1.8 ab 57 ef 8.5 bc
45 4.5 g—i 38 b 1b 58 ef 7.3 b—f
60 4.5 g—i 21 c—f 1.3 ab 78 a—c 4.3 ef
1.5 15 5.0 f=h 24 c—e 1.5 ab 72 a—e 4 f
30 5.8 e—h 33 bc 1b 69 a—f 4.8 d—f
45 5.3 e—h 21 c—f 1b 75 a—d 4.8 d—f
60 5.8 e—h 18 d—g 1.8 ab 62 c—f 8 bcd
2 15 6.0 e—h 30 bed 1b 59 d—f 7 b—f
30 6.3 e—h 15 e—h 1.5 ab 86 a 4.8 d—f
45 11.0 a—c 7 g—] 1b 80 ab 6.3 b—f
60 8.0 d—f 12 e—j 1b 69 a—f 6.3 b—f
3 15 7.3 d—g 14 e—i 1b 79 ab 4.5 ef
30 8.3 c—e 13 e—j 1b 82 ab 4 f
45 11.8 ab 4 h—j 1.3 ab 80 ab 5.3 c—f
60 12.8 ab 2 h—j 2a 75 a—d 6 b—f
4 15 9.8 b—d 8 f—j 1.5 ab 61 d—f 7.5 b—e
30 11.2 ab 6 g—j 1b 67 b—f1 8.3 bc
45 13.0 a 11 1.3 ab 55 f 8.7b
60 13.0 a 03 1.3 ab 69 a—f 5.3 c—f
Significance’
Concentration (A) otk otk NS ook otk
Soaking time (B) ok ok NS ok ok ok
AxB NS NS NS NS NS

“Number of days for 50% germination.
YNS, ##*;Nonsignificant or significant at £<0.001.
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B okorrt= Ayrb 9 9l=d (Yang et al., 2007), ¥ AFo4 = NaOCl =%

of wkE ok AAE HA3) dof V] el By W2 w9 & B

=21 35 A 4%2] NaOCl& 2—4A13F Agshd wolgo] Fxldtta 519
ohools 2R FAe SAoR, Fyo 24 gl FAS F3 FF g 54

o ZFiz A% Aoz PRHAL. Lot vk Fol: oje EFAd: e

2 oaddy 2 oA Ao FAF A5 fld Aot ESS A Ku
et al.(1993) 9 Aol m=m 2 A2 Aol FAHA NaOCle] &9k 3
Al A ZRo]l S7Fgkel wEr A% marh S7FEAIRE FAlCl e A dorst
e o] AAEE Adrb vebstth B3 FAe =ielA 2 Al fAkst
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Atk B sk vf =], ol &0l =2 FAAM Alternaria®l HES &
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Fig. 2—1. Effect of treatment time of UV (Ultraviolet) lamp on infection rate
and germination rate of garlic bulbil. Vertical bars represent the standard

error (n=4). Data mean separation within columns by Duncan's multiple

range test at 2<0.05.
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o] AAEUHKIm et al., 2012)= AT A= AolshAl yebwth g
o

!

B AL 447 24} Al 09 wge] FAE T Aol7} AE Ao
2w 2A} Agko] ojd4E FHHoleti ol d AT AR AolstA e

Ul o]y A= 2AMSE UV &AZ o A% (M) 7) kgl 7] mEo g Iy Q)

O S wiel Buh =2 g% stollA AAIRbel o] Ak mE, T12]al Fold
Ed AAe] a=A AR 5 Qe kel et FrhAQ A7 Had Jlo
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Fig. 2—2. Effect of temperature on germination rate (A) and infection rate (B)

of garlic bulbil. Vertical bars represent the standard error (n=4).
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Chapter II. 9Ivh=2] AT 55 A% A 49 55,

A HH B ASE AL

Chapter III. Development of Optimal Nutrient Concentration and
Storage Method, and Consumer Preference Survey for Production and

Distribution of Leaf Garlic

Abstract: Objective of this study was found out to optimum concentration of
the nutrient solution for the production of leaf garlic which is a new
application form of garlic. Moreover, the optimal storage method for
distribution was investigated and then a preference survey was conducted
to determine market value. First, it was compared and analyzed after
cultivation as 16 days to look into the differences of growth rate following
its concentration of culture fluid as using JHS EC 1.0 dS - m !and JNU EC
1.0, 2.0, and 4.0 dS - m . After that, the growth factors were measured in
order to investigate its differences in the concentration of these solutions.
An initial weight of the harvested leaf garlic was measured, and the amount
of weight loss relative to the initial weight was measured for 2 weeks.

During this experiment, leaves were packed by 4 methods (completely

2 1 -1

opening and completely sealing, 10,000 and 80,000cc - m ° - day = - atm

of non—perforated breathable film), and the temperature treatment was held

-5 -



together as 5C and 20C. Lastly, this leaf garlic was used for the
preliminary investigation of the marketability of leaf garlic. The
questionnaire consisted of four questions was made and 108 people
responded to the survey. All of the growth factors measured on day 16
showed the highest figure at 1.0 dS - m!'. The relative growth rate (RGR)
of dry weight showed a similar figure in all treatments and RGR of fresh
weight showed the highest at 1.0 dS-m ! treatment. Any significant
differences from the contents of Chlorophyll in a condition of different
concentration or composition of nutrient solution treatment were not found.
Therefore, based on this results, JNU 1.0 dS - m ! nutrient solution was the
most suitable choice for cultivation. In addition, when leaf garlic was stored,
the rate of water loss at 5C showed low figure and decomposition was
delayed too. Packaging materials showed high water loss in the order of
complete open treatment, 80,000 cc - m™? - day ' - atm™! treatment, 10,000

1

cc-m ?-day ! atm ! treatment, and complete sealing treatment.

Therefore, it would be most appropriate to packing of leaf garlic for 10,000

V. atm™ film at 5°C. As a result of preference survey, the

cc-m 2. day”
negative response rate was higher than positive for its pre—images that

were asked before the tasting. However, after the tasting, the positive

response rate was higher than negative.

Additional key words’ nutrient solution, non—perforated breathable film,

plant factory, preference survey
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nleolo] ot o] gkl (Hwang et al., 2004; Ahn et al., 2010). v X440
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2 Aol AREE =g A SO wAlR, tiue] st tiE FokE
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o] g3 A t}H(Choi et al., 2009).

el =g whs 191 vl Ao =7EARE Aaka Ao Eatdoe] 2-3d
S92 whAst s glow, Arke] £t whEe wlE| A A ] "ol AYak
E7be A3 2 AAARQD Eao] wAsta Qi oo wet Fuxds 98
71E0l ol gt A 9le] WS T W ATEo] MaAEo] ghrk(Choi et
al., 2005; Lee et al., 2007). d¥tx o7 We AJTEL nis 7}25 99 thak

d 7he By W w7 E 5o olge s FAHo] S, we Auja)

Irksd F3vbsdlo R, ol 5484 7Y dEd e Slel AAHE 9
£71 Ertes GAARE o]gshi= AH(Kim et al., 1997), JHS ofF2 *

1997; Choi et al., 2005; Lee et al., 2005).

sAbES 54 a2 2 el 24 v $9 ddo® Qs A+,
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o] Sof eadxy] A Wakt}(Huxsoll and Bolin, 1989; Lee et al.,

ar,

2009). =gt Axk 9l 7hys AR = A old

o9} Aeste] £ BB FR/ FAel v JFe] thet AT} waw ol

of ARkAQl F49 Ast @ U & 5 AtH(Hong et al.,, 2014). IyH4]
o® MA 23 H59 74 9 FiFe et sk 97 g2, oyt
Helli= ofe] shAdo] A8 Utk (Kang et al., 2008). wWiEol < A3
of oJaf vl HHE ¥71e FHE XAs7] 98 femtosecond laser 7]
= AEs FEol MTE, ol® AF AR 7E F Ao 5S4 A

St Hoh Mdst 7|02 o] ¥ Adto] 7He3kAl H Stk (Choi et al., 2013).

B ATE vhge] FolE olgd AR Al 1Y AT MFoe 24
9 FEE TYHn £Y BHY FRY A Lu Avkse £3 F A%
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39.7-69.7(B<t 56.8)%=E =& k. FdE Hit FF 249 pmol - m?

s '9] 13 LED AuldE o] &, 12A1F Aoz qirh.

g s W2 dvkse] 454 §F
WA JExe) e S8 8 0.1g9] 9 40mle] 80%HAE &9

Ho] 24A13F o] 5T A=A ¥ Homogenizer (PRO—-200 Homogenizer,
PRO Scientific Inc., Oxford, CT USA)E ©]§& &4 § 948 7] (Mega 21R
Small high speed refrigerated centrifuge, Hanil Science Industrial, Korea) =
10000 rpmelA 2583 A4wel ¢ F Aeds AFH, Syringe Filter
(Chromafil Xtra PET—45/25 Syringe Filter, MACHEREY—-NAGEL, Germany)
= o]&stey HHHYH Stk & A|EE  Spectrophotometer (UV—2600

Spectrophotometer, Shimadzu, Japan) & ©]&3}%] 663nm$} 645nme] 349
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A FREE 34, ol How 954 agh b 2203 F A%4 FIe Tl
&t (Arnon, 1949).

Chlorophyll a = 12.7 Aggz — 2.69 Agys

Chloyophyll b = 22.9 Agys — 4.68 Agss

Total Chlorophyll (a + b) = 20.20 A645 + 8.02 A663

Arksel #3 F AR AW L% U TF PHS Boluud 1049 319

T AEAE 27 FAE S4, 2730 2403 Ao w 7] FA dib] F
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Adulsol Al el AP FRALE Yl FEE Q visEE olg, AFEEA
vy woll fAIst Aol A Rt Al & A4 FAoR FEHA 2 uf
55 Ad st Ade Wt AnARES e RE 20149 129 29Y HE

3197k Fasgon, ol F7H4Ql dold £4& 98 20169 119 19
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dlo

7 2tk (Table 3-2).

SAAE

7ol EAA 7= SAS 9.4 (SAS Institute, Inc., Cary, NC, USA)E o] &3}

o] Duncan's multiple range test(p<0.05)5 %3 HgTF FJHS HASs 2
Sigma Plot 10.0(Systat Software Inc., Chicago, IL, USA) & o] 8-3&}3it}.
Table 3—1. Survey items for the preferences of garlic leaves.
Age Gender Responses Question

Extremely
<19 Male 1. Have eaten other parts of garlic.

positive

20—29 Female Positive 2. What about the image of leaf garlic?

3. Would you like to buy leaf garlic if
30—39 Normal
it is sold?

4. After eating, what is the impression
40—-49 Negative
of leaf garlic?

Extremely 5. Please provide comments other
50-59
negative than this questionnaire.
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Table 3—2. Distribution of respondents.

Personal variable

Number Percentage (%)
Gender Age
Male <19 3 2.8
20-29 3 2.8
30—39 15 13.9
40—-49 26 24.1
50-59 9 8.3
60=< 1 0.9
Female =19 1 0.9
20—29 17 15.7
30—39 11 10.2
40—49 17 15.7
50—59 4 3.7
60= 1 0.9
Total 108 100
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Table 3—3. Growth characteristics of garlic leaf grown under different nutrient solutions and concentration treatments.

Length of Number Fresh
Nutrient Concentration Plant height Leaf length Leaf width Diameter Dry weight
leaf sheath of weilght
solution dS-mh) (cm) (cm) (mm) (mm) (mg)
(cm) leaves (mg)
JHS? 1.0 23.6 b¥ 7.6 16.0 b 2.8 b 2.1 1.4b 410 ¢ 40 b
JNU 1.0 27.0 a 8.0 19.1 a 3.7 a 2.1 1.7 a 531 a 49 a
2.0 25.8 a 7.8 17.8 a 3.0b 2.3 1.4 ¢ 458 b 42 b
4.0 22.0 ¢ 7.3 14.6 ¢ 2.7b 2.2 1.3 ¢ 347 d 38 b
Significance®
Nutrient solution (A) * NS NS NS NS NS NS NS
Concentration (B) ook NS sekok * NS ekok ekok ok
AxB NS NS NS NS NS NS NS NS

“JHS: Japanese Horticultural Station and JNU: Jeju National University
YMean separation within columns by Duncan's multiple range test at 2<0.05.

*NS, *, =* s Nonsignificant or significant at 2<0.05, 0.01, and 0.001, respectively.
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Fig. 3—1. Changes of fresh weight(A) and dry weight(B) of garlic leaf
grown under different nutrient solutions and concentration treatments.
Vertical bars represent the standard error(n=5). JHS; Japanese

Horticultural Station and JNU: Jeju National University.
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A 7H wkokth
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Fig. 3—2. Relative growth of fresh weight and dry weight of garlic leaf
grown under different nutrient solutions and concentration treatments. (A);
Japanese Horticultural Station 1.0 dS - m !, (B); Jeju National University
1.0 dS-m ! (C); Jeju National University 2.0 dS-m*!, (D); Jeju National

University 4.0 dS - m ..
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Fig. 3—3. Changes of plant heights grown under different nutrient solutions
and concentration treatments. Vertical bars represent the standard error
(n=6). JHS: Japanese Horticultural Station and JNU: Jeju National

University.
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Table 3—4. Chlorophyll content of garlic leaves grown under different

nutrient solutions and concentration treatments.

Chlorophyll  Chlorophyll Total
Nutrient Concentration
a b chlorophyll
solution (dS-mh
(mg-g 'FW) (mgg 'FW) (mgg 'FW)
JHS? 1.0 1.81 0.67 2.54
JNU 1.0 2.12 0.74 2.87
2.0 2.19 0.80 2.99
4.0 2.15 0.79 2.94

Significance?

Nutrient solution (A) NS NS NS
Concentration (B) NS NS NS
AxB NS NS NS

“JHS: Japanese Horticultural Station and JNU: Jeju National University

YNS: Nonsignificant
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Fig. 3—4. Changes of fresh weight loss of garlic leaves at different packing
materials and temperature. Vertical bars represent the standard error
(n=4). (A); 20C, (B); 5. 10,000; 10,000 cc - m 2 - day ! - atm !, 80,000;

80,000 cc - m~2 - day ! - atm™!, closed: airtight bag, open: on the plate.
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Fig. 3—5. Changes during 14 days after storage of garlic leaves. (A);
10,000 cc-m~2-day ' atm !, (B); 80,000 cc-m ?-day !-atm!, (C);

airtight bag, (D); on the plate. Left: 20T, right: 5C.
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Table 3—5. Fresh weight loss on garlic leaves at different packing materials

and temperature.

Package” Temperature (C) Fresh weight loss (%)
Open 20 60.2 a¥
5 29.2 b
Closed 20 4.9 d
5 1.2e
10,000 20 5.0d
5 2.3 de
80,000 20 10.1 ¢
5 5.bd
Significance™
Package (A) ok
Temperature (B) sk
AxB ko

10,000: 10,000 cc -m °-day | -atm |, 80,000: 80,000 cc m °-day ' -atm ', closed:
airtight bag, open: plate
YMean separation within columns by Duncan's multiple range test at 2<0.05.

*sxx Significant at 2<0.001.
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Fig. 3—6. Responses of a questionnaire about garlic leaf when before
tasting. (A); responses of question 1, (B); responses of question 2. Left bar:
male, Right bar: female. E negative; extremely negative, E positive;
extremely positive.
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