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1- Lethal Temperature 50 According to the Plant Survival
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Figure 1- Daily minimum and maximum temperatures during autumn and winter, 2012
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Table 1- Interaction of ecotype and freezing temperatures on survival percentage and recovery of garlic plant after freezing
in controlled conditions

i 51 S sy wo Ew,! Sy e S 039
Ecotype Treatment Survival (%) Height (cm) Leaf area (cm?) Dry weight (mg)
0 96.6 21.8 27.3 164
-3 96.6 234 26.9 149
-6 93.3 19.9 259 134
3550 -9 86.6 222 24.3 128
Bojnurd -12 93.3 23.7 23.7 126
-15 775 20.1 21.9 124
-18 433 10.8 8.5 58
-21 00.0 00.0 00.0 0.0
0 100.0 235 31.0 221
-3 96.6 24.1 313 213
. e s -6 96.6 23.8 29.3 203
2 Ry -9 86.6 24.2 273 201
Torbat heydariyeh 12 82.2 19.8 24.2 140
-15 53.8 12.1 16.3 98
-18 3.33 1.00 0.65 6.0
-21 0.0 0.0 00.0 0.0
0 66.6 21.1 29.2 244
-3 63.3 18.3 26.2 238
-6 56.6 15.6 23.8 178
Slgs -9 56.6 14.4 24.8 177
Khaf -12 56.6 16.4 225 132
-15 40.0 8.01 15.7 84
-18 0.0 0.0 00.0 0.0
-21 0.0 0.0 0.00 0.0
0 90.0 253 30.2 177
-3 90.0 24.8 325 194
-6 75.0 219 23.6 180
yolis -9 75.0 24.1 216 134
-15 20.0 8.66 7.88 65
-18 0.0 0.0 0.0 0.0
-21 0.0 0.0 0.0 0.0
LSD (0,05 9.85 2.38 2.95 22

Sl b cow (p<0.05) (b ine yobas LS ol awy
sl 3. 8 5355 slles g cussSTcuslS )b blae
) =V ey o e Cop g dyeon cuisST g0 ¢ Jsl
sl als Mo V8 5 Ve cud i dals slod & cuns o3 5l
Cails 50 a8 296 Led pl 53 500 cudsST 90 a5 sy il
Juoyd 31,5 il 4oy V0 (sl 3 59150 g Llod udeST g3 pgd
fp oy g sl cuisST 93 0 Lol il usbio b (ol
(Y Jg2) w8y oo I QlalS 203 BY 9 5+ ey

959 i) ae p S bl el gl
lopd b ials b s o oS ol glis 30 (Cicer aretinum L)
4 e Rl ol Jg <8l ials adllas 3590 lacaiss slis
Ve o U alS sl sy oS gysbdy g Golite Cuig;
o) dald gl b gybame Ml oS ole as o
@ bl Gl aop b yuin Gl b Jy sl (31,5 Ll
MCC741 Cusg5 sl anpd =V sl > .cdly Lials o
28y G 3 Lo R0 il 93 Sl 3 39 0o ¥e 29
(Kykha-Akhar et al., 2011)



0 gyl b o Allium sativum L) pw e oS (858 4 Joxxi

bl pad o (S350 5 Jlos! 51 (e 0l WS (359 9 sl o yd 31 (S350 L3 9 s CudlS &)U Jilie 51-F Jgu
a8

Table 2- Interaction of planting date, ecotype and freezing temperatures on Survival and plant dry weight of garlic plant
after freezing in controlled conditions

ol sl &6 S 2 )9 Ay oy Slgs sl
Parameters Planting dates Treatment  Bojnurd  Torbat heydariyeh  Khaf Neyshabur
0 100.0 100.0 333 80.0
-3 100.0 100.0 333 80.0
-6 100.0 100.0 20.0 50.0
92505 YA -9 86.6 86.6 13.3 50.0
19 September -12 93.3 86.6 20.0 46.6
-15 80.0 744 0.0 0.0
-18 80.0 6.7 0.0 0.0
NFAWAN -21 0.0 0.0 0.0 0.0
Survival (%) 0 93.3 100.0 100.0 100.0
-3 93.3 93.3 93.3 100.0
-6 86.6 93.3 93.3 100.0
oo ¥ -9 86.6 86.6 100.0 100.0
-12 93.3 777 93.3 100.0
21 October 15 75.0 33.3 80.0 40.0
-18 6.6 0.0 0.0 0.0
-21 0.0 0.0 0.0 0.0
LSD (o.5) 13.9
0 154 204 54 124
-3 118 218 45 123
-6 121 204 13 134
9246 YA -9 118 202 17 88
19 September -12 118 126 8 6
-15 115 91 0 0
-18 104 13 0 0
S g -21 0 0 0 0
Dry weight (mg) 0 174 238 434 229
-3 179 208 431 265
-6 147 203 344 227
e Ve -9 138 206 338 180
21 October -12 135 154 256 169
-15 133 106 168 130
-18 11 0 0 0
-21 0 0 0 0
LSD (0.05) 311
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Figure 2- Interaction of planting date and ecotype on Lethal Temperature 50% according to the survival percentage of garlic
after freezing in controlled conditions. Vertical lines on bars represent the amount of LSD (g g5
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Table 3- Correlation coefficients among traits of garlic under freezing stress in controlled conditions

1 2 3 5 6 7
sld Loy -
1- Survival %
2- LTSOsu '0'97** 1
&Loa)l —Yi *k _ *
3-Height 0.87 0.77 1
Sy s ¥ . . x
4- Leaf area 0.79 0.74 087
5- RLAT 098" 098" -0.83" -0.77" 1
SEOSTF g1 oes™ 077 0.95" -0.68™ 1
6- Dry weight
7-RDMTs, 093" 090" -0.87" -0.71" 0.90" -0.55™ 1
#% % NS
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and ™ Non significant, significant in 5 and 1 % levels, respectively.
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Figure 3- Interaction of planting date, ecotype and freezing temperature on height of garlic three weeks after freezing in
controlled conditions. LSD value is 3.37. (e, ofirst and second planting date, respectively)
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Introduction

Garlic is a medicinal and cool season plant, but there is not much information on its level of cold tolerance.

Khorasan province is one of the suitable areas for growing garlic. The conventional planting date of garlic in this
region takes place between 6 October and 5 December. Available evidences shows that garlic plants have been
affected by cold stress due to inappropriate planting date. Some researchers have recommended the use of
controlled freezing tests as a suitable approach to assess cold tolerance of plants. In this regard, it is stated that
LTs0s in wheat had the highest correlation with field survival index when the crown was exposed to cold stress.
The present experiment was conducted to study cold tolerance and understanding the most critical growth stages
of garlic ecotypes to cold stress under controlled conditions.

Materials and Methods

This experiment was conducted as a factorial based on completely randomized design with four replications
in Agricultural Faculty of Ferdowsi University of Mashhad during 2012. The experimental factors included two
levels of planting date (18 September and 21 October), garlic ecotype in four levels (Bojnurd, Torbat-e
Heydarieh, Neyshabur and Khaf) and eight levels of freezing temperature (0, -3, -6, -9, -12, -15, -18 and -21°C).
Plants that grown in outside conditions and acclimated to cold temperatures were transferred to the
thermogradient freezer to apply cold stress. Survival percentage, Lethal Temperature 50% mortality according to
the survival percentage (LTsos), plant height, leaf area, reduced leaf area temperature 50 (RLAT ), dry weight
and reduced dry matter temperature 50 (RDMT ;) were determined at three weeks after applying the stress.

Results and Discussion

In the first planting date, the survival of Bojnurd and Torbat-e Heydarieh ecotypes decreased 20% and 26%
at -15 C compared with zero temperature, respectively, while two other ecotypes disappeared at this
temperature. In the second planting date, Khaf and Bojnurd ecotypes had a good survival at -15 °C while
Neyshabur and Torbat-e Heydarieh ecotypes disappeared 60 and 67% at this temperature, respectively. Since the
growth stage has an effect on cold acclimation and stress tolerance, this response can be due to difference in the
growth stage of plants. However, this reaction was different depending on the ecotypes. With changing planting
date from September to October, LTsy, decreased 9.6 and 6 °C in Khaf and Neysabur ecotypes, and increased
3.9 and 2 °C in Bojnurd and Torbat-e Heydarieh ecotypes, respectively. In the first planting date with decreasing
temperature from zero to -18 °C, the maximum and minimum decrease in height (90 and 27%) were observed in
Torbat-e Heydarieh and Bojnurd ecotypes, and Neyshabur and Khaf ecotypes disappeared at this temperature.
Also, in the second planting date with decreasing temperature from zero to -15 °C, plant height decreased 47, 52
and 30% in Khaf, Torbat-e Heydarieh and Neyshabur ecotypes, respectively. However, plants height of Bojnurd
ecotype decreased only 4% under similar conditions. In the first planting date Bojnurd and Torbat-e Heydarieh
ecotypes had the lowest decrease in leaf area (about 3 and 17%, respectively) at 12 °C compared with zero
temperature, while Khaf and Neyshabur ecotypes assigned to themselves the highest decrease in leaf area (about
85 and 58%, respectively). Also, in the second planting date leaf area of Bojnurd ecotype decreased 18% at -15
°C compared with zero temperature, while in similar conditions Torbat-e Heydarieh, Khaf and Neyshabur
ecotypes had 56, 38 and 58% decrease in leaf area, respectively. The lowest decrease in dry matter percentage
was observed in Neyshabur (23%) and Bojnurd (22%) ecotypes in the first and second planting date,
respectively, following decreasing temperature to -12 °C. Studies have shown that plants with faster growth
before the frost were more sensitive to cold temperatures and as a result, damaged more. So, it seems that
increasing growth of Khaf and Neyshabur ecotypes and their progress towards more advanced growth stages
reduced cold tolerance of these plants in the first planting date.
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Conclusions

Freezing stress decreased survival percentage and recovery of garlic ecotypes. In the first planting date
Bojnurd and Torbat-e Heydarieh ecotypes had a better survival percentage and Khaf and Neyshabur ecotypes
had lower survival percentage while in the second planting date Khaf and Neyshabur ecotypes had higher
survival percentage than Bojnurd and Torbat-e Heydarieh ecotypes. Also, results of LTsy, indicated that
Bojnurd and Khaf ecotypes had higher freezing tolerance in the first and second planting date, respectively.
Different reactions of garlic ecotypes at various stages of stress may be due to their genetic characteristics and
geographic origin. In terms of recovery (height, leaf area and dry weight), the plants of the second planting date
had more height and dry matter, as well. Based on the RDMT 5, and RLAT 5, moreover, Bojnurd ecotype in both
planting date and Khaf ecotype in the first planting date were recognized as most tolerant and sensitive ecotypes,
respectively.
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