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Table 1. Mean comparison of different treatments effects on germination percentage in four species from

Apiaceae
o)l 259%] b ®S 85 obws 02
Treatments Ferula assafoetida ~ Ferula gummosa  Kelussia odoratissma Carum carvi
Control 16 0f 0i 7f

GA3 200 ppm 20 ij 0f 12 gh 12f

GA3 400 ppm 30 hi 13e 15 gh 18 ef

GA3 600 ppm 46 ef 27 cd 35e 33cd

GA3 800 ppm 62 cd 420 52cd 63b
Prechilling 10 days 20 ij 0f 8 hi 14 f
Prechilling 20 days 28 hi 18 dc 10 hi 18 ef
Prechilling 30 days 34 gh 35¢ 17 gh 27 dc
Prechilling 40 days 43 fg 38 be 22 f 38¢c
Prechilling 50 days 54 de 47b 46 d 44 c
Prechilling 70 days 72 be 82a 60 be 66b
Prechilling 90 days 81 ab 88a 63b 87a
Prechilling 30 days + GA3 400 ppm 49 ef 45b 46 d 41c
Prechilling 70 days + GA3 400 ppm 88 a 95a 87 a 85a

A5 wo s S Jlisl mhaw jo (ghls pae st S e By )l a5 e Sl
Means with the same letter (s), are not significantly different at 1% probability level.
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Table 2. Mean comparison of different treatments effects on germination rate (seed/day) in four species from

Apiaceae
b LS o59%! b N obew 025
Treatments Ferula assafoetida  Ferula gummosa  Kelussia odoratissma Carum carvi
Control 09] 0i 0k 09k
GA3 200 ppm 1.71 0i 24j 1.5j
GA3 400 ppm 23h 1.2h 351 3.1g
GA3 600 ppm 34¢g 2g 5h 4.1f
GA3 800 ppm 48e 23f 69f 7.3d
Prechilling 10 days 151 0i 2.1j 21
Prechilling 20 days 2h 21¢g 421 2.7h
Prechilling 30 days 35¢g 25f 6g 4f
Prechilling 40 days 4f 4e 82¢ Se
Prechilling 50 days 5.2d 49d 9.7d 7.2d
Prechilling 70 days 7c 63c 112¢c 82¢
Prechilling 90 days 10a 93a 125a I1a
Prechilling 30 days +
GA3 400 ppm 4f 25f 84e 4.7¢
Prechilling 70 days +
GA3 400 ppm 82b 8b 12.1b 9.7b

A5l wo e S Jliol mha )3 (g5l e Solds aies S iine Bg o glhls &5 ol Sl
Means with the same letter (s), are not significantly different at 1% probability level.
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Table 3. Mean comparison of different treatments effects on radicle length (mm) in four species from

Apiaceae
b Les o59%! b 2 S obew 025
Treatments Ferula assafoetida  Ferula gummosa  Kelussia odoratissma — Carum carvi

Control 6.7k 0i 0k 1551

GA3 200 ppm 8.5k 0i 75.5h 10.5
GA3 400 ppm 171 225¢fF 0g 21.5h
GA3 600 ppm 2451 272e 104.5d 272¢g
GA3 800 ppm 30.5h 40.7 ¢ 133 a 37.7¢
Prechilling 10 days 11.7] 0i 61] 20.7h
Prechilling 20 days 2551 16.5h 7151 235h
Prechilling 30 days 432 f 195¢g 75.7h 315f
Prechilling 40 days 445e 287 ¢ 912¢ 37e
Prechilling 50 days 55.5d 36.5d 98.5¢ 52.24d
Prechilling 70 days 72.5¢ 51.7b 104.2d 63.5¢
Prechilling 90 days 942a 62.5a 107.7 ¢ 88.5Db
Prechilling 30 days + GA3 400 ppm 375¢g 225f 94.7 f 36.7¢
Prechilling 70 days + GA3 400 ppm 84b 65a 1255b 982a

Significant in 1% probability level

doy0 S Jlaiml maw jo (g)ls e Dglas
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Table 4. Mean comparison of different treatments effects on plumule length (mm) in four species from

Apiaceae
o) Los o59%! b e obew 025
Treatments Ferula assafoetida Ferula gummosa Kelussia odoratissma — Carum carvi
Control 7.5k 0j 0] 17]
GA3 200 ppm 115k 0j 41.71 132k
GA3 400 ppm 2221 275¢g 53h 22.5hi
GA3 600 ppm 295h 35.7¢ 715¢g 305¢g
GA3 800 ppm 31.5h 47.2d 85.5f 41.7fF
Prechilling 10 days 12.7 0j 51.5h 2151
Prechilling 20 days 30.7h 1521 722¢g 255h
Prechilling 30 days 40¢g 22h 84.7f 32¢g
Prechilling 40 days 50.7 e 34e 89.5¢ 405 f
Prechilling 50 days 66.7d 45d 97d 545d
Prechilling 70 days 8lc 61.7c 12320 69.7 ¢
Prechilling 90 days 102.7 a 81.5a 1315a 835a
Prechilling 30 days + GA3 400 ppm 46.5 f 31f 103 ¢ 45¢
Prechilling 70 days + GA3 400 ppm 97.5b 77b 134.5a 76.7b
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Means with the same letter (s), are not significantly different at 1% probability level.
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Table 5. Mean comparison of different treatments effects on seed vigor in four species from Apiaceae

o )los 259%] )l ®F oS obews 025
Treatments Ferula assafoetida Ferula gummosa Kelussia odoratissma  Carum carvi

Control 23¢g 0f Oh 22¢g
GA3 200 ppm 34¢g 0f 14 gh 33g

GA3 400 ppm 11 fg 6.4 ef 21 fgh 7.9 fg
GA3 600 ppm 24 ef 16 de 6le 19e
GA3 800 ppm 38 de 37¢ 114 ¢ 150 ¢
Prechilling 10 days 48¢ 0f 9 gh 59¢g

Prechilling 20 days 15 fg 53ef 14 gh 8.7 efg
Prechilling 30 days 25 ef 12 de 27 fg 17 ef
Prechilling 40 days 40d 23d 39 ef 29d
Prechilling 50 days 65c 38¢c 89d 46 ¢
Prechilling 70 days 110b 93b 137b 87b
Prechilling 90 days 160 a 127 a 151b 150 a
Prechilling 30 days + GA3 400 ppm 41d 24d 90d 33d
Prechilling 70 days + GA3 400 ppm 164 a 132 a 226 a 147 a

Al ae,ys S Jleisl e 53 (6518 poe Dyl aiiinnd S piie By gl a5 Sl Sl
Means with the same letter (s), are not significantly different at 1% probability level.
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Abstract

Apiaceae plants are one of the most important plant families due to thier high medicinal and economic
significance. Seed dormancy in this family is one of the major obstacles for cultivation and domestication
of these species. This research was conducted to determine the best treatment for breaking seed dormancy
and improve germination in four key medicinal species of apiaceae family including Ferula assafoetida,
Ferula gummosa, Kelussia odoratissma and Carum carvi L. For each species, 14 treatments including
control (no treatment), prechilling (10, 20, 30, 40, 50, 70, 90 days), gibberellic acid (200, 400, 600, 800
ppm), and integrated treatment (gibberellic acid 400 ppm with cold 30 and 70 days) were applied in a
completely randomized design with four replications. The results showed that by increasing time of cold
and density of gibberellic acid, germination percent, germination rate, radicle length, plumule length and
seed vigor significantly increased across all species. Integrated treatment of cold 70 days with gibberellic
acid 400 ppm were the best treatment for breaking seeds dormancy of Ferula assafoetida (88%), Ferula
gummosa (95%), Kelussia odoratissa (87%). Also, cold treatment 90 days was the best treatment for
breaking seeds dormancy in Carum carvi L. (87%). Since gibberellic acid could substitude part of cold
needs to break seed dormancy, it could be concluded that there were different levels of physiological
dormancy in the studied seed species.
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