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Abstract

We investigated growth, clove development, and photosystem II activity in garlic (A/lium sativum
L.) grown under different day/night temperature regimes using Soil-Plant-Atmosphere - Research
(SPAR) chambers to determine the optimum cultivation temperature and to assess the impact of
temperature stress on garlic. In the early stages of growth, plant growth increased markedly with
temperature. At harvest time, however, the pseudostem diameter decreased significantly under
a relatively low day/night temperature range (14/10 - 17/12°C), suggesting that these temperature
conditions favor regular bulb growth. At harvest time, the bulb diameter and height were great
at 14/10 - 23/18°C, whereas the bulb fresh weight and number of cloves per bulb were greatest at
17/12 - 20/15°C. However, the number of regularly developed cloves per bulb was highest at the
relatively low temperature range of 14/10 - 17/12°C, as were the clove length and fresh weight. The
photochemical efficiency (F./F.,) and potential photochemical efficiency (F.,/F,) of photosystem
IT in the leaves of garlic plants were higher at 14/10 - 20/15°C and lower at temperatures below
14/10°C or above 20/15°C, implying that the 14/10 - 20/15°C temperature range is favorable,
whereas temperatures outside this range are stressful for garlic growth. Furthermore, at
temperatures above 20/15°C, secondary growth of garlic, defined as lateral bud differentiation into
secondary plants, continuous growth of the cloves of the primary plants, or the growth of bulbil
buds into secondary plants, was enhanced. Therefore, to achieve commercial production of fresh
scapes and bulbs of garlic, it may be better to grow garlic at relatively low temperature ranges of
14/10 - 17/12°C.

Additional key words: bulb, photosystem II activity, secondary growth, SPAR chamber,
temperature stress
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Fig. 1. Seasonal changes in day length (A) and solar radiation (B) measured in the SPAR chamber during the experimental period.
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Table 1. Air and soil temperature measured in the SPAR chamber during temperature treatment.

Day / Night Air temperature (°C) Soil temperature (°C)

temperature (°C) Day Night Average Day Night Average

11/07 10.5 62f 86f 1L.7f 70f 9.7f

14/10 132¢ 88¢ Il.le 12.7¢ 88¢ 109¢

17/12 172d 12.0d 149d 16.5d 11.5d 143d

20/15 195¢ 145¢ 172¢ 185¢ 13.6¢ 162¢

23/18 234b 185b 212b 21.5b 16.7b 194b

28/23 286a 239a 264a 250a 203a 228a

“The values are means of temperatures measured during a 210 - day temperature treatment period.

*Different letters within each column indicate significant differences between treatments (p < 0.05).
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Fig. 2. Changes in the growth of garlic (Allium sativum L.) plants under different day / night temperature regimes.

Horticultural Science & Technology 5



oll

1A[% O] 445 2 91 20 D= FORH 20| o3

r

n 7,

\

11/07  14/10 17/12 20/15 23/18 28/23
Day / Night temterature (C)
Fig. 3. Morphology (A) and cross sections of bulbs (B) of garlic (Allium sativum L.) plants grown for 210 days under different

day/night temperature regimes. White arrows on leaf sheath indicate lateral buds that developed into slender leaves, and black
arrows on cross sections of garlic bulbs indicate that some cloves divided into a cluster of secondary cloves.

olo] 27l A

%2 &

AN AL 2 AEH A0 Wdste] AE AEHA AL et 2| E2 ARRE]| A QIckBall etal, 1995; Ohetal,, 2014;
Strasser and Strasser, 1995), 2 7o) 4] s3AI1] 2o B5}5F §-8(F./Fo) TH A B3 S(F./Fo ) 14/10 -20/15°C B
fUollA 7P =k em, 11 ol B ofote] 2ol A= HAsItHFig. 4A, 4B). o]’ Aik= 11/07°C] 229} 20/15°C
ope] 2 of|A = B2 o) HHES-Ho] 7kl AL RESFH0] /451 §l2-S UEPHTHO et al, 2014). 312
o 2ol AlE)7| B2 18|12 (Poa pratensis L) A& A-821-2(20/15°C, F7HoRrhik=2a] 11.2(35/30°C, F7Hokheo]
&5 U] F/Fn gho] ZAska E20] #151E]2 2™ (Du et al,, 2013), rF5-2] 27| Adof| QJo] A5 20°C o4Fe] L0
A olg FFHE0] A AT R o et 1 AE|A0] of RS =71 0 2 HATH B QItHOh et al, 2015), Z12]11
Z71QFrE&F ) 14/10°Col|A 7Fg B, 23/18°C olde] 2kof|d A S71slth(Fig. 40). |t 8=r-a(Fn)>
14/10°CflA] Tk YA 25 A2 o]l Fold& Uil $lehFig. 4D). ol2igt JAI E40] Hal=HH
11/07°C2] 2231+ 23/18°C o/F2] 122 npz2] 5o AEHAR 2RG561 Ql5-5 o 4= Ik 12U, 11/07°Coll A 9] Fy/
Fin 210] FA= Fo 2] mleket F71of] Sfal] 71Q1okal Q=t] BFof 23/18°C o 2] al-2of| A= F, 2] F=5igt S71e] ol et
11 Qlo], mRso] Asol| Bl A= A2t 11 2-0] Rk A=t 712k Foll Yofths A0 = Kt 53], i2of Iz 4]
=S WS 7RI AEFHT FooF AA S7tstal FeiAfel] ofgt&4do] B Azt A o= H %11 ¢lof(Guo et al., 2006),
2 Aol A] a0 O R/Fnl] 4, Fo0] 57 F= FAINS] RESFAl ol 215 4 Qlim &4 dofuhal 9132 Hofal Qlrt.

Horticultural Science & Technology



ol

t2/& DF=2| = 2 QIH 2o Oj2j= FOR =0 3

[=]

r

0.9 5
A B .
a 4
08 o ji b b b M i —a|b— b
= b
i SR N I m
< o7 =
|.I_> [N
2,
0.64 1]
0.5 0
700 3000
a a a a
a g @ a
600 ab % + o T
2000 -
bc
u® 400 bc bc ns
C
1000 1
300 |
300 0
11/07 14/10 17/12 20/15 23/18 28/23 11/07 14/10 17/12 20/15 23/18 28/23
Day / Night temterature () Day / Night temterature (C)
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Table 2. Characterization of bulb growth and clove development in garlic (Afium sativurn L.) plants grown for 210 days under different day /
night temperature regimes.

Day / Night Bulb fresh  Clove number/ Pseudostem  Bulbheight Bulb diameter Bulbine index Bulb shape Remark
temperature (°C)  weight (g) Bulb diameter (mm) ~ (mm) (mm) £ index
107 28cf  80b 2492 Blbe  474be  182bc  125be  Somecloves form scoondary cloves,
which remain at the early stage.
14/10 753 be 7.8b 20.7 ab 42.0ab 55.5ab 2.69 ab 1.32ab  Regular cloves form.
1712 85.0ab 10.0 ab 158b 43.0ab 59.6a 385a 1.39ab  Regular cloves form.
Some cloves form secondary cloves,
20/15 110.1a 11.0a 24.1a 469a 654a 2.82ab 1.39ab which remain at the middle stage.
23/18 79.3 b 80b 243a 400bc  S8l1a 281 ab 1450 Somecloves form secondary cloves,
’ : ) ’ ) ’ ’ which remain at the late-middle stage.
Single cloves form without differentia-
28/23 31.6d N.D. 236a 339¢ 38.0c 1.6lc 1.13¢ tion into regular cloves, and garlic sca-

pes do not form.

“Different letters in each column indicate significant difference among different day/night temperature regimes (p < 0.05).
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