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Figure 1- Variation of daily minimum and maximum temperature during summer, autumn and winter, 2015
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Table 1- ANOVA (mean of squares) of the electrolyte leakage (%6), survival (%) and traits related to regrowth of viola plants
under irrigation and temperature treatments
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Figure 1- Effect of irrigation x temperature on electrolyte leakage percentage (fitted curve) after applying temperature

treatment and survival percentage viola plant after one month recovery in greenhouse conditions
LSD value for electrolyte leakage percentage and survival percentage is 1.06 and 13.1, respectively.
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Table 2- Interaction effects of irrigation xtemperature treatments on leaf area, number of flower and number of bud of viola

plants.
&bl b aud Sl
(=155 cudyB) S 2 o J5 slass Number of bud
Iriigation Tempoeratu re Leaf area (cm?) Number of flower
(FC) (°C)
20 56.8 ¢ 5.47 cdefg 3.53 ghi
0 8l.6¢C 7.07 ab 5.40a
-3 65/5 ef 5.87 bcde 4.07 defg
-6 64.5 ef 5.80 bcdef 3.93 efgh
80% -9 52.6h 5.67 bedef 3.93 efgh
-12 489 5 defgh 3.47 ghi
-15 289k 4 gh 3.53gh
-18 1461 3.67h 2.87]
-21 Om Oi 0k
-24 Om Oi 0k
20 66.3 de 4.67 efgh 4 efgh
0 94.7a 6 bcde 5.40 a
-3 86.6 b 7.73a 5.07 ab
-6 80.1c 6.80 abc 4.33 cde
60% -9 66.2 e 6 bcde 3.93 efgh
-12 65.5 ef 6 bcde 4.07 defg
-15 64.11 5.73 bedef 3.87 efgh
-18 278k 4.93 defgh 3.53 ghi
-21 28.8k 4.33 fgh 3ij
-24 Om Oi 0k
20 61.9f 5.87 bcde 3.80 efgh
0 90.2b 7.73a 5.40a
-3 69.9d 7.07 ab 4.73 bc
-6 66.7 de 6.67 abc 4.60 bed
40% -9 5759 6.33 abcd 4.20 cdef
-12 52.7h 4.87 defgh 3.67 fgh
-15 35.9] 4.67 efgh 3.67 fgh
-18 32.8]j 4.33 fgh 3.67 fgh
-21 12.71 4 gh 3.67 fgh
-24 Om Oi 0k

Ly gyl gime oglis doyd B Jlein] o 13 LSD (yg0jl Lolusl 2 jless ya (slyr g im0 aliie Gy (sl (sl Sl
Means followed by the same letter within each column shows no significant differences among treatments at 0.05 level by LSD test.
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Table 3- Interaction effects of irrigation xtemperature treatments on dry weights of different parts of viola plants
& lo -
(L=1y5 cud ) Temperature 039
N o Dry weight (mg)
Iriigation (FC) (°C)

9 40l (J5) (dal;

(48l § S ) (oabirg (Jgumss Ay S5 Sl 0
Vegetative (leaf Reproductive Ro;t Total dry
and stem) (Flower, bud weights
and capsule)
20 2430 fgh 1970 efg 371 efgh 4771 j
0 3330 bed 2727 be 569 bcd 6626 cd
-3 2887 def 2020 efg 469 cde 5376 fgh
-6 2533 fgh 2000 efg 404 efg 4937 ghij
-9 2410 gh 1883 ef 362 efghi 4656 jk
80% -12 2160 hij 1810 ef 231 ijkl 4201 kI
-15 1727 jk 1237h 261 hijk 3225 mn
-18 1563 k 1217 h 215 jkl 2995 no
-21 om 0j 0m 0q
-24 .
Om 0j Om 0q
20 3557 abc 2473 cd 448 def 6741 cd
0 3780 a 3193 a 877a 7850 a
-3 3667 abc 2737 bc 619b 6759 cd
-6 3600 abc 2877 ab 602 bc 7079 bc
-9 3253 cd 2677 bc 372 efgh 6302 de
60% -12 2523 fgh 2487 cd 296 ghijk 5306 ghi
-15 2503 fgh 2203 de 290 ghijk 4996 ghij
-18 2483 fgh 1843 fg 261 hijk 4588 jk
-21 1643 k 7460 122 Im 2512 op
-24 0m 0j 0om 0q
20 2733 efg 1713 g 463 de 4910 hij
0 3807 a 2677 bc 841 a 7324 ab
-3 3240 cd 2097 ef 553 bed 5889 ef
-6 3050 de 1883 fg 547 bcd 5480 fg
40% -9 2457 fgh 1313 h 401 efg 4171kl
-12 2203 fgh 1120 h 383 efgh 3706 Im
-15 1837 hi 1070 h 325 fghij 3232'mn
-18 1450 ijk 1023 hi 252 hijkl 2725 no
-21 980 k 1010 hi 166 Kl 2156 p
-24 Om 0j 0m 0q

)G gyl pixe olds duoy O Jleis] e j> LSD O}aﬂ ool ke (gl g e )0 wlie By gl sl Sls
Means followed by the same letter within each column shows no significant differences among treatments at 0.05 level by LSD test.

o J piS daglpad 3 (2led (sl jlon il Cod anidiy LS RDMTs0 g LTs0su L Ts0el 0 (5l (sboslowi 351 -€ Jgun
Table 4- Effect of irrigation treatment on LTseel <L Tsosu and RDMTsp of viola under temperature treatments in controlled

conditions
15 Cund b5 Lol el o
(u"_» - B) bl sl o L Tsoe LTooe RDMTso
Irrigation treatments (FC)
80% -11.8¢ -19.1b -19b
60% -184a -22.1a -20.3a

40% -15.1b -22a -19b

S e o
Significance level

)5 gy me glis Mo yd K il o 13 LSD g0l wlol o 5lesi ya (lys g gt 3 aliie g > eyl (clanSSle
Means followed by the same letter within each column shows no significant differences among treatments at 0.01 level by LSD
test.
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Introduction: Climate change is expected to have impacts on ecosystems worldwide. During the last 50
years, the greatest warming trends have been observed in winter months and significant increases in both the
occurrence and duration of winter warming have already been reported. In general, predicted future climate
change scenarios will result in less than optimal cold acclimation conditions, leading to decreases in freezing
tolerance and predisposition of plants to winter injury. Nonetheless, it is not clear whether water stress induced
during cold hardening is of high importance in inducing freezing tolerance in plants or it is an integral part of
typical cold hardening process. Since rapid and effective assessment of plant cold tolerance is important for
researchers and also field trials have no regular process and have high error, different kinds of artificial freeze
tests such as survival percentage test and regrowth after imposing stress have been developed.

Materials and Methods: In order to evaluate the effect of drought stress on plant freezing tolerance of viola,
a factorial experiment was conducted based on completely randomized design with three replications in faculty
of Agriculture, Ferdowsi University of Mashhad. Experimental factors include three water treatments (80% FC,
60 % FC and 40% FC) and 10 temperature levels (Control, from zero to -24 with 3 °C intervals). Pansy seeds
sown in a nursery in the summer of 2015 and after reaching the five-leaf stage in the fall plants were transferred
to the pots. After the potted plants spend cold acclimation in nature conditions, plants were subjected to water
stress including control (80% FC), 60% and 40% FC for two weeks. After drought stress, whole plants were
sampled for freezing tolerance assessment and they were transferred to the freezer thermos-gradient. After
applying the stress, electrolyte leakage, lethal temperature 50 according to the electrolyte leakage percentage
(LTs0e1) were measured. One months later, survival percentage, lethal temperature 50% of plant according to the
survival percentage (LTsos), leaf area, number of flower and bud, dry weight (dry weight of vegetative,
reproductive, root and total) and reduced dry matter temperature 50 (RDMT s0) were evaluated.

Results and Discussion: Electrolyte leakage percentage (EL %) and survival (%) were significantly (p <
0.01) affected by irrigation treatments in the freezing conditions. By lowering the temperature from 20 to -24 °C,
the EL% significantly increased in three irrigation treatments and it increased in 80% FC compared to 60% (by
16%) at -24°C. plants under 60% FC treatment exhibited higher baseline freezing tolerance (LTso of —18.4 °C)
compared to 80% FC (LTso of —11.8 °C).Treated plants (except 80% FC) were able to tolerate lowering the
temperature to -21°C. Lowering the temperature to -24°C caused the total mortality. According to the LTsos,
index, 60% FC treatment was less than compared to other treatments. Leaf area significantly increased by 16%,
respectively, when plants were under water deficit (60% FC) compared to 80% FC at 0 °C. The maximum
number of flower were seen in 60% FC at — 3 °C and the maximum number of bud were observed at 0 °C. The
results showed that dry weight was significantly (p < 0.01) increased by drought stress in the freezing conditions.
Plants under 60% FC at 0 °C had the highest increase (55, 62 and 64%, respectively) dry weight of vegetative,
reproductive and total growth, respectively compared to control. By lowering the temperature to -18 °C in 80%
FC vegetative, reproductive and root growth decreased (36, 38 and 42%, respectively) compared to control
plants. RDMTs significantly affected by drought stress. There were significantly correlation between EL with
LTs0er and RDMTsp (r =0.25* and r = 0.72**, respectively). In total, plants under 60% FC showed highest
freezing tolerance compared to the other treatments.

Conclusions: In the current study, we found that the greatest gain in freezing tolerance was associated with
cold and that the effect of drought stress on freezing tolerance varied with temperature. Drought stress resulted in
an improvement in freezing tolerance of viola (lower LTs0). Among the different parameters evaluated, 60% FC
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treatment at 0 °C most consistently induced increases in survival percentage, reproductive and vegetative growth
which suggested a synergistic effect between drought exposure and low temperature. Higher dry weight of viola
plants may contribute to better plant overwintering capacity. In addition, future research should explore the
effect of repeated mild drought events on freezing tolerance of acclimated plants, by using strategies such as
wilt-based irrigation scheduling, partial root zone drying, and deficit irrigation.
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