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Effect of gibberellic acid, germination temperature and stratification on
dormancy breaking and seed germination of Smyrnium cordifolium
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ABSTRACT

Seed dormancy in Apiaceae family is one of the major obstacles for cultivation and domestication of these
species. In this research, two separate experiments were conducted to determine the best treatment for
breaking seed dormancy and improving germination in Smyrnium cordifolium Bioss. In the first
experiment, effects of three factors including 7 levels of gibberellic acid (0, 500,1000 and 1500 mg L})
with pre-treatment with gibberellic acid for 48 and 72 hours and 3 levels of stratification (4, 8 and 12
weeks) and different germination temperatures (5, 10 and 15°C) were investigated in a factorial experiment
based on a completely randomized design with four replications. In the second experiment, the effect of
different levels of gibberellic acid (used in the first experiment) in different levels of stratification (0, 2, 4,
6, 8, 10 and 12 weeks) on the a-amylase activity and hydrogen peroxide content were studied. The results
showed that in all three temperatures, 12 weeks stratification had the highest effect on most measured traits.
Also, in most of the stratification periods, the amount of alpha-amylase activity and hydrogen peroxide
content increased in pre-treatment with gibberellic acid. Among all the treatments, the combination of 12
weeks stratification along with 500 ppm gibberellic acid and germination temperature of 5 °C had the
highest effect on breaking seeds dormancy of Smyrnium cordifolium Bioss.

Keywords: Alpha-amylase, hydrogen peroxide, seedling vigour indexSmyrnium cordifolium Bioss, Seed
dormancy.
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Table 1. Variance analysis of the effect of gibberellic acid concentrations and stratification periods on
some biochemical indices of Smyrnium cordifolium Bioss seeds.

Source of Variation

Mean squares

Df a-amylase hydrogen peroxide
Stratification time (A) 6 0.253™ 0.015™
Gibberellic acid (B) 6 5.088™ 0.026™
AxB 36 0.271" 0.017"
Error 98 0.223 0.052
CV (%) - 4.722 6.773

**: Significant at 1% of probability level.
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Table 2. Slicing analysis of variance (mean squares) of gibberellic acid effects on a-amylase and
hydrogenperoxide activity of Smyrnium cordifolium Bioss. seeds at different stratification periods.

stratification period Df hydrogen peroxide a-amylase
0 Weeks 6 0.012™ 0.225™
2 Weeks 6 0.010™ 0.419™
4 Weeks 6 0.001™ 0.775"
6 Weeks 6 0.006™ 0.852"
8 Weeks 6 0.006" 1.08™
10 Weeks 6 0.018™ 157"
12 Weeks 6 0.064™ 1.98"

**: Significant at 1% of probability level.
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Table 3. Mean comparison the effect of GA;z concentrations in different pretreatment durations at
stratification levels on Smyrnium Cordifolium Bioss seed hydrogen peroxide Content (mM/gr).

Stratification period

treatment 0 Weeks 2Weeks 4Weeks 6Weeks 8Weeks 10Weeks 12Weeks
GA0-48 0.4742 0.254% 0.243¢ 0.341° 0.318¢ 0.359° 0.357°
GA500-48 0.285° 0.317° 0.378* 0.355b°¢ 0.369 0.4542 0.632*
GA1000-48 0.400° 0.280° 0.337° 0.365b 0.278¢ 0.247¢ 0.228¢
GA1500-48 0.353% 0.4082 0.276° 0.277¢ 0.345d° 0.346b° 0.368°
GA500-72 0.336" 0.328° 0.219¢ 0.4112 0.374b° 0.328° 0.222°
GA1000-72 0.301° 0.259d° 0.317° 0.295¢ 0.393%® 0.290¢ 0.282¢
GA1500-72 0.335" 0.249¢ 0.344° 0.337° 0.412* 0.458* 0.470°
Average 0.355 0.299 0.302 0.340 0.356 0.355 0.366

ol 2oy gy el s 50 58510 yg03T bl 1 lo e GMST pas saies (L (gt ;o 50 alie g,
The same letters in the same column indicate no significant difference based on the Duncan test at 5% of probability level.
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Table 4. Mean comparison of the effect of GA3 concentrations in different pre-treatment durations at
stratification levels on seed a-amylase Activity (mM/gr).

Stratification period

(treatment) 0 Weeks 2Weeks 4\Weeks 6Weeks 8Weeks 10Weeks 12Weeks
GAO0-48 3.301° 2.872¢ 2.162f 1.979¢ 2.161° 2.836° 3.173¢
GA500-48 4.477° 6.173° 5.790¢ 6.638° 5.708° 5.280¢ 4.395¢
GA1000-48 3.611° 6.273° 5.471° 3.027°¢ 3.228¢ 1.660f 1.850°
GA1500-48 3.401¢ 3.894°¢ 3.547¢ 2.198¢ 4.121° 2.781° 2.197¢
GA500-72 4.080° 7.568% 9.346% 6.639° 9.5292 11.453% 11.5442
GA1000-72 4.632% 7.391° 8.307° 8.717° 9.0642 8.890° 10.495°
GA1500-72 4.495% 3.894°¢ 4.411¢ 3.146° 2.808¢ 3.821¢4 2.808°
Average of treatments 3.999 5.438 5.576 4.621 5.231 5.327 5.106
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The same letters in the same column indicate no significant difference based on the Duncan test at 5% of probability level.
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Table 5. Variance analysis of the effects of germination temperatures, stratification periods and
gibberellic acid hormone on Smyrnium cordifolium Bioss seed germination and seedling

Mean square

Source of Chang Germination Seedling Vigour
df percentage Radicle length Plumule length Ingex 9
Germlnatlo(rkt)emperature 2 46575 0.988™ 0.700"™ 0.409™
Stratification period (B) 2 12148.9™ 2.35™ 2.809™ 1.149™
Gibberellic acid (C) 6 1060.4™ 0.117 0.231™ 0.114™
AxB 4 1164.4™ 0.271™ 0.193™ 0.113"
AxC 12 195.1 0.020™ 0.020™ 0.016™
BxC 12 380.3" 0.055™ 0.080™ 0.046™
AxBxC 24 1235™ 0.061™ 0.065™ 0.016™
Error 189 4.73 0.002™ 0.003™ 0.001™
CV (%) - 17.88 27.27 30.97 28.30

**: Significant at 1% of probability level.
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Table 6. Slicing analysis of variance of gibberellic acid and the of stratification periods on some
germination and seedling traits of Smyrnium cordifolium Bioss. seeds at different germination

temperatures.
Germination df Germination (%) Radicle length Plumule length Seedling Vigour
temperature Index
5°C 20 1279.7" 0.157™ 0.194™ 0.116™
10°C 20 762.97 0.187" 0.177" 0.082™
15°C 20 216.8" 0.099™ 0.156™ 0.030™

**: Significant at 1% of probability level.
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Figure 1. Mean comparison of the interaction effects of the stratification periods and gibberellic acid
concentrations at different temperatures on Smyrnium Cordifolium Bioss. seeds germination percentage.
In each temperature, means with the same letter are not significantly different at 5% of probability level
based on test. The treatments codes above the diagram show gibberellic acid concentration and the pre-

treatment duration from left to right.
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Figure 2 Mean comparison of the interaction effects of the stratification periods and gibberellic acid
concentrations at different temperatureson plumule (A) and radicle length (B) in Smyrnium cordifolium
Bioss. . In each temperature, means with the same letter are not significantly different in 5% of
probability level based on Duncan multiple test. The treatments codes above the diagram show the
gibberellic acid concentration and pre-treatment duration, from left to right.
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Figure 3. Mean comparison of the interaction effects of stratification period and gibberellic acid
concentrations at different temperatures on seedling vigour index of Smyrnium cordifolium Bioss.
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