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Effects of Combination of Air Temperature and Soil Moisture Contents
on Growth, Clove Initiation, Physiological Disorders, and Yield of Garlic

Hee Ju Lee', Sang Gyu Lee’*, Sung Kyeom Kim', Boheum Mun', Jin Hyoung Lee', Hee Su Lee',
Young Seok Kwon', Ji Won Han', and Cheol Woo Kim'

"Vegetable Research Division, National Institute of Horticultural & Herbal Science, Wanju 55363, Korea
’Division of SmartfarmDevelopment, National Institute of Agricultural Science, Jeonju 54875, Korea

Abstract. The objective of this study was to determine the effects of combination of air temperature and soil water con-
tents on growth, physiological disorder rate, and yield of garlic. This experiments has been carried out in the typical
plastic house (one side open and other side installed ventilation fans) which was maintained gradient air temperature
(maximum different value of air temperature : 6°C). The excessive irrigation (EI) set at 0.34 m*m?> soil moisture con-
tents. The significant differences found in the growth parameters of garlics as affected by air temperature and soil mois-
ture conditions. The plant height of garlic with combination of ambient (A)+6°C and optimal irrigation (OI; set at
0.22 m*/m? soil moisture contents) treatments represented 47.4 cm/plant, which was the highest among all the tested
treatments. The leaf length and width showed the greatest, which were 16.1 and 2.4 cm/plant, respectively, in A+6°C-
OLI. The physiological disorder ratio was higher as 12.9% at A+6°C-OI and was not occurred at ambient temperature
with EI compared with OI treatment. The bulb and clove weight were dramatically decreased at A+6°C temperature
treatment. The yields were decreased by 51% in OI at A+6°C and A+3°C temperature treatment. Those results indi-
cated that yields were decreased and ratio of physiological disorders was increased by high temperature treatments.

Additional key words : Allium sativum L., bulb, clove, disorder, irrigation

M OB
7RISR Qlsle] Ae] 25 —t— At 100647 oF
0.7°C *53lAar, H2e] 2% A5Emrt FAd nls)
A 2nf ol whE=A] 13 o 15}(IPCC 2013). 3kl

REAgEE AT 2 AsEERT AR wE Ros
1222z kA A)\-g-tq 2uste] FRIQ1 27k HiE A9

x STt wep olskeiie] Walel o
Sk E.%ﬂ]é =22l RCP 8. S(Representatlve Concentration
Pathway)s AElste] BAHlES HACZ AT 3
AASFATHNIMR, 2011). RCP 8.5 272 2100d0]

™ ATe] 27} dREck oF 6.0°C A8k, COo, F

*Corresponding author: sanggyul@korea.kr
Received February 27, 2018; Revised July 9, 2018;
Accepted July 15, 2018

Ao -AE25, M2rd M3S 20184

= 940;,Lmolmol'1 2 Zolxw TrEo] AR
20% AT Z7RItR=E 7P UR] Lotk o9} e %

2ol Ficdl, eliere Fo e ojaln) S5l )
A7) Aol ) AMEIR ke A8 o B

o] Wold Zog ditEs T wdEokIE thhlz} 9l
olo} & Aoz AzteEc} AAZ 1F(Lee 5, 2018),
HiS=(Lee 5, 2016)2 ACE RCP 8.5 ZHolA =)
St Ayl vF= BA7F &eiA FARE st 2 B

A7) kg WAslel el AA) pasiglon, )
Fe 29X g & Mg 34l WUtk
s AR, Wb el T

o i Sk RGPt Beste] 53] AL
kel L Aol vkl Al el did At

& eyt o= AN

AMe dAE vhs, T

ul= (Allzum sativum L

A7t He AEZ EE- 1

191



ol8iF - oV - WA - EHE -
FA M= AF mhso] A= glom 3ok, &
et T ohdst 7ol HEAEA 11T kA
o] 6.8kgS 2 A7} B2 FEO|THKOSTAT, 2017).
sl AEAE] 54 WA AaE S H3lst
HAL=7F 18-20°C0]aL, JIHESH= 10°ColM= s
A 20°C AFONA] 71 Z =W (Lee, 2003), 2 5
Z7] A2o] FFS e F 257} s gzt
ofo|x & & 4 Utk(Bandara &, 2000; Rahim
Fordham, 2001; Song 5, 2001). 3H8 Q1AW= 21E35
28 = 20 Q07 L% 5 92l 919 93k
o} Qo] ®3f=EHA Bitj7} Fvkar 42l ok Takagi,
1990; Sohn 5, 2010). FAIE vl AP vlsiA =
S 255 QST 12 9 Ty 2o HW vl
o] FAZ} A Falisdo] Bokd] ko] "o
31(Cho 9} Lee, 2008), BAAMIZ Q3 x| &ils A
Hols 5 Al S 2t Choi 5, 2009)3L
g4 Tk Oh 52016y FoRT 257 AF5AL o]
Zdol =W I=77F BIAAY ket ARl T Ad
sl WAo] Wobx Fido] FhAgitar stk vt
s AE7IRE Bete] 2xs)l Eqkrile] wE gkl
et Are wEEh, Al A S 7IRE Sty =9
EG g she] Aolg = AETE AR I o

LB = 2% 2} 39 Yol At F 2%

L. ?1__ .
) B Gl We UXE nheel A, Al
A, AR B el WA GBS PS4
AIBHATY.

M2 W
AFAEE GAY vis F AuiEze] 7 B o
TokES FAIEAY. ke S 500l dglolE
E] &Hel] 227t HAEt A=Al s B A
oA AZRAIZ & IF3IAT FF2 2016 1€ 10
ol 2=AFEF-22(Z0] 25m, - 2m)oll 90cm ©]F 271
5 T 5% 34 U 34 20emx10em)OE
A% & STk g Al Y SRRl =2
FRIES 3l9al, HOZ SIFES 2om X 2o T
ot g 2717 70% A= v W sietl, A
Y7t G7IAHEFREG 9 S8t 20179 5€ 23Y
@ F 1959l 3Far, dut 9)7] A2Te 6 7Y
@ 5 2109)00 3t
AglerEe 249 MY YTEHE QGO E 8-12m
T Q7IRT 3°C(A+3) =A, 18-22m TFM=
6°C =A(A+6)FAEES e rjgles 25 A
oJdh=  A|ZE(CR10009+ SDM-CDI16AC, Campebll
Sci. Co., USAYS o833t Ago] ¥ Bk 2

192

oA - olg)s -

ARPA - Y - HHS
SEoln, EUGH-E <G X2|(OI; optimal irrigation,
0.15-028 m’m’y= F 18] 290mL I<3FA 1L, T A
2](EI; excessive irrigation, 0.29-0.38 m’/m’y= & 23]
580mLE IrFs GEleilth. 18ja EUE
z2olE et olFY] =ol(FF A7l 20em, HRFAE
Sem)E Gt AE] A U] 2% ZEale 2%
AIXZ(HMP155A, Campbell Sci. Co. USA) APFo g1
B 199} 0.5m =o|E st 249 dFEHE 22t
1.2, 10.5 2 22.4m 8o AH & 7)ol Axg & o)
o8] 48 ZX](CR-1000, Campebll Sci. Co., USA)S ©]
B3l 1IARE ERE 7S ALt EYSGES Z
25 2t dAske AR old A FUel 0.1m 2lol=
+7& W2)(FDR: Frequency domain reflectometry)2] E
G ¥ =% AA(10HS, Decagon Devices, Inc.
USA)l H°|[HHZAMHOBO U30, Onset Computer Co.,
USAYE sl 1A 7H 02 =3133dtt.

AL A 3HbE s disie =2,
g, 8%, 95 5 I T 10290 nizlapbgos A}
319, v 5 195 2 210¢0le AT W55 uVd
O = wag FEele] Fa, 7, AT, Qg 9 1
% o= AR Aeidees 3t vk A5E o
qog G+, Hrks ¥ A9 vles Esk] WA A
AFE rhs e HISS ARkeIATE 25208 vk <
HEslel TAE AR S8t 25 & 13299 vk
TE ARG & A= Fo] FYRIE Fo= Hdslo
Fe}Av|(Stemi SV2, Zeiss Co., Inc., Jena, Germany)
x8il&= fjste] Fo] Ju ARLS ZFsit.

AR AT oA o2 F]lvk A
LEo} ETEATY 2890 MRS SHHAL 7 A
g7 A 81sH 7] Betol tiéte] Duncan®
Us A8S ANl A= SAS =IO
(SAS 9.2, SAS Institute Inc., NC, USA)S- ©]&3}5th.

Z3 ¥ nE

2% 2} 3R9-9] Ve Z2uldS B, 437
7 9 97 tiv] A HiFo] 7leo] 39} 6°CE =A
A FChFig. 1). 97] 7IEH 37 6°C H2 I
A2Tolr A7 B9 A B JAA 7L 4t -13
g 0.8°C, 9 H Hi 712 747 27.0 2 29.3°CO]
Ao}, €719 o Hir HA 72 -3.6°C, Hi 7|
& 24.7°CoE Ao ERAQ 6°CY 7] A= TS}
At EY 8 3 z=209S B8 (Fig. 2), 9
7] 710l Host #g XEle HA B AT
EY 8 g9 47 0349 0.31mYm’Po M (Fig.
24), TFAE WA F F AT 2 e H

Protected Horticulture and Plant Factory, Vol. 27, No. 3, 2018



Tlewt EPSE Yol We BAF rhse A, AR, Yege 2 Sl nxe 9%

40
A
O 30 -
L
g
2
o
o 20
o
IS
o
5
c 10 A
®
Q
£
>
8 o-
-10
O 30
L
g
2
o
o 20
o
IS
Qo
5
c 10 A
®©
o)
IS
>
T —— Ambient
a o0y VYN W VN Ambient+3°C
——— Ambient+6°C
-10 T T T T T T T T T T T T T T T T T T T T T T T T T T T T
16-11-01 16-12-01 17-01-01 17-02-01 17-03-01 17-04-01 17-05-01 17-06-01

Date (year-month-day)

Fig. 1. Changes in daily mean air temperature of a gradient temperature plastic tunnel. A: Upper position, B: Bottom position.
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Fig. 2. Changes in soil moisture contents of a gradient temperature plastic tunnel. A: ambient region, B: ambient+3°C region, C: ambi-

ent+6°C.
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Table 1. Growth characteristics of garlic as affected by combination of air temperature and soil moisture content at 102 days after sowing.

Temperature Irrigation Plant height Leaf length Leaf width Pse.udostem No. of Leaves

(A) treatment (cm/plant) (cm/plant) (cm/plant) diameter (/plant)
(B) (mm/plant)

Ambient Ol 34.8¢c* 10.6d 1.7b 11.4c 6.2b
EI 28.2d 10.2d 1.5¢ 10.0d 5.2¢

A+3°C Ol 37.8b 13.0c 1.8b 12.0bc 6.7b
EI 37.9b 12.0c 1.7b 12.4bc 6.5b

A+6°C Ol 47.4a 16.1a 24a 15.6a 7.5a
EI 40.1b 14.9b 1.7b 13.0b 6.5b

Signiﬁcancey A s sksk koskosk skokosk *kokk skokok
B koksk * kskk k% kokk

AxB ** ns *E * ns

“Mean separation within columns by Duncan's multiple range test at P = 0.05.
NS, *, ** and *** Nonsignificant or significant at P<0.1, 0.05, and 0.01 by 2-way factorial analysis, respectively.

Table 2. Bulb characteristics of garlic as affected by combination of air temperature and soil moisture content at 195 and 210 days after

sowing.
Temperature Irrigation treatment Bulb height Bulb diameter ~ Bulb weight Clove no. Clove weight
(A) B) (mm/bulb) (mm/bulb) (g/bulb) (/bulb) (g/clove)
Ambient o) 38.7ab* 61.2ab 72.7a 9.8ab 6.0b
EI 39.1ab 53.2cd 47.9bc 6.7d 7.5a
A+3°C Ol 36.2b 57.3bc 58.0b 9.2abc 5.7b
EI 36.2b 50.8d 47.0c 7.7bed 5.4b
A+6°C Ol 41.6a 63.5a 78.4a 11.2a 3.5¢
EI 38.5b 54.1cd 55.7bc 7.0cd 3.8¢c
Significance” A *E * K ns HEE
B ns ks skoksk skesk sk ns
AxB ns ns ns ns ns

“Mean separation within columns by Duncan's multiple range test at P = 0.05.
NS, *, ** and *** Nonsignificant or significant at P<0.1, 0.05, and 0.01 by 2-way factorial analysis, respectively.
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Table 3. Total clove weight and marketable yields of garlic as affected by combination of air temperature and soil moisture content at 195
and 210 days after sowing.

Temperature Irrigation treatment Total clove weight Harvest weight Marketable yield” Yield
(A) B) (g/clove) (kg/10a) (kg/10a) index
Ambient Ol 57.7a" 1,904a 1,884a 100
EI 47.9b 1,580b 1,580b 83.8
A+3°C (o)} 50.9b 1,679b 1,615b 85.7
EI 41.1c 1,356¢ 1,337c 70.9
A+6°C (o)} 35.6¢ 1,174¢ 1,022¢ 54.2
EI 25.7d 848d 828d 43.9
Significance® A Rk HoHE HokE
B &k k keksk kkk
AXB ns ns ns
“Yield was calculated by plant density (33,000/10a)xbulb weightxratio of marketable yield
*Mean separation within columns by Duncan's multiple range test at P = 0.05.

NS, *, ** and *** Nonsignificant or significant at P<0.1, 0.05, and 0.01 by 2-way factorial analysis, respectively.
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Fig. 4. The cross sections of bulbs of garlic grown for 193 days in ambient+6°C air temperature under optimal irrigation treatment. A,

Normal; B, Splitting garlic; C, Spongious garlic.

Fig. 5. The clove initiation of garlic observed through microscope of 8x magnifications at 132 days after planting as affected by combina-
tion of air temperature and soil water contents. A, Aambient; B, Ambient+3°C; C, Ambient+6°C.
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