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Table 1. Analysis of variance (MS) for seed priming effects with salicylic gibberellin and salicylic
acid on germination rate and germination percentage of pumpkin seeds under cold stress

S b soliTax o i8lez e ST H PESRWR
S.0.V Df Germination rate Germination percentage
Lo
Temperature (T) 1 760.2% 41008*
US&)P e e
Hormone (H) 6 44.57* 6870*
Lo X (55092 -
TxH 6 18.36™ 441.2%
Uas-
Error 70 0.05 10.06
Oyl
(202) <t 2 4.94 479

CV (%)

**: Significant at 1% error probability
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Fig. 1. Effect of gibberellin and salicylic acid on the germination rate of pumpkin seeds under cold stress. At

each temperature, means followed by the same letters are not significantly different (p<0.05) based on the
LSD Test. C: control, S1, S2, and S3 represent 0.5, 1 and 1.5 mM of salicylic acid, respectively. G1, G2, and
G3 represent 250, 350, and 450 mg/L of gibberellin.
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Fig. 2. Effect of gibberellin and salicylic acid on the germination percentage of pumpkin seeds under cold
stress. At each temperature, means followed by the same letters are not significantly different (p<0.05) based

on the LSD Test. C: control, S1, S2, and S3 represent 0.5, 1 and 1.5 mM of salicylic acid, respectively. G1,
G2, and G3 represent 250, 350, and 450 mg/L of gibberellin.
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Table 2. Analysis of variance (MS) for effects of seed priming with gibberellin and salicylic acid on soluble
protein, superoxide dismutase enzyme, catalase enzyme and guaiac peroxidase enzymes of pumpkin seeds
under cold stress
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Temperature (T)
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Lod x - sk ek sk sk
° TUI: 2 6 0.00004 87447 0.007 0.00004
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Fig. 3. Effect of gibberellin and salicylic acid on the soluble protein of pumpkin seeds under cold stress. At

each temperature, means followed by the same letters are not significantly different (p<0.05) based on the
LSD Test. C: control, S1, S2, and S3 represent 0.5, 1 and 1.5 mM of salicylic acid, respectively. G1, G2, and
G3 represent 250, 350, and 450 mg/L of gibberellin.
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Fig. 4. Effect of gibberellin and salicylic acid on the superoxide dismutase of pumpkin seeds under cold
stress. At each temperature, means followed by the same letters are not significantly different (p<0.05) based
on the LSD Test. C: control, S1, S2, and S3 represent 0.5, 1 and 1.5 mM of salicylic acid, respectively. G1,
G2, and G3 represent 250, 350, and 450 mg/L of gibberellin.
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Fig. 5. Effect of gibberellin and salicylic acid on the guaiacol peroxidase of pumpkin seeds under cold stress.

In each temperature, means followed by the same letters are not significantly different (p<0.05) based on the
LSD Test. C: control, S1, S2, and S3 represent 0.5, 1 and 1.5 mM of salicylic acid, respectively. G1, G2, and
G3 represent 250, 350, and 450 mg/L of gibberellin.
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Fig. 6. Effect of gibberellin and salicylic acid on the catalase enzyme of pumpkin seeds under cold stress. In

each temperature, means followed by the same letters are not significantly different (p<0.05) based on the
LSD Test. C: control, S1, S2, and S3 represent 0.5, 1 and 1.5 mM of salicylic acid, respectively. G1, G2, and
G3 represent 250, 350, and 450 mg/L of gibberellin.
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Table 3. Correlation coefficients of some measured parameters in pumpkin seed treated with gibberellin and

salicylic under cold stress
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Effect of Gibberellin and Salicylic Acid on Tolerance of Pumpkin
(Cucurbita pepo) Seedling
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Extended Abstract

Introduction: In order to take more advantage of the spring growing season, the mechanisms of
germination of spring plants are of great importance at temperatures lower than the optimum temperature.
Since one of the ways to reduce damage due to low temperature is enhancing the seedling antioxidant system,
in this study the effects of salicylic acid and gibberellin on germination and antioxidant system of pumpkin
(Cucurbita pepo) seeds were investigated under low temperatures.

Materials and Methods: A factorial experiment including four concentrations of gibberellin (0, 250, 350
and 450 mg/L), four concentrations of salicylic acid (0, 0.5, 1 and 1.5 mM) and three temperature levels (8,
11 and 14 °C) was performed with a completely randomized design within controlled conditions and six
replications at Shahrekord University in 2017. The seeds were immersed in containers containing solutions of
0, 250, 350 and 450 mg/L of gibberellin and solutions with 0, 0.5, 1, and 1.5 mM salicylic acid, were placed
in a growth chamber for 24 h under dark conditions at 15 °C. Then the seeds were washed at the desired
temperatures, and the germination was recorded every 24 hours based on the 2 mm of radicle length. At the
end of the eighth day, after the separation of normal and abnormal seedlings, 20 normal seedlings were
selected from each petri dish. Following that, the germination rate, germination percentage, soluble protein,
malondialdehyde, superoxide dismutase, guiacol peroxide enzyme, and catalase enzyme were measured.
Comparison of means was conducted by the least significant difference test at the 0.05 probability level.

Results: The results showed that none of the treatments used at 8 °C helped germination of the plant and,
therefore, 8 °C treatment was removed from the experiment. At the temperature of 11 ° C, the use of salicylic
acid 1 mM and at 14 °C, the use of gibberellin 350 mg/L showed the maximum germination rate and
germination percentage, compared with the control. At 11 °C, the activity of antioxidant enzymes was more
affected by gibberellin hormone so that the highest activity of superoxide dismutase enzyme was observed in
350 mg/L and the highest activity of catalase and guaiacol peroxidase enzymes and the lowest amount of
soluble protein were observed in gibberellin 250 mg/L. The salicylic acid hormone was more successful at 14
° C. The salicylic acid 1.5 mM increased the activity of superoxide dismutase enzyme; and salicylic acid 0.5
mM increased the activity of catalase and salicylic acid 1 mM improved the activity of guiacol peroxidase.
This hormone also succeeded in reducing the amount of soluble protein.

Conclusion: In this experiment, seedling tolerance at low temperatures was confirmed by gibberellin and
salicylic acid treatments. It is generally concluded that the use of gibberellin and salicylic acid increases the
activity of antioxidant enzymes and, as a result, makes pumpkin (Cucurbita pepo) seedlings tolerant to low-
temperature stress, and thus, can ameliorate the effect of possible chilling on growth of this crop at the
beginning of the season.

Keywords: Low temperature, Growth regulator, Antioxidant enzymes, Seedling

Highlights:

1- Gibberellin and salicylic acid treatments make pumpkin seedling tolerant to low temperatures.

2-  Application of gibberellin and salicylic acid increases the activity of antioxidant enzymes.

3- By using gibberellin and salicylic acid, the effect of possible chilling can be reduced at the
beginning of the growing season.
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