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Fig. 2. The effect of cold stratification periods on the germination capacity of Galbanum seeds. A and B are
the ability of seeds to germinate in the Galbanum seeds population immediately after receiving wet
stratification periods, and the ability of seeds to germinate after drying of treated seeds respectively. C and D
are the process of seed germination during the cold stratification period (germination in stratification bed)
and the ability of seeds to germinate after receiving different periods of cold stratification
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Fig. 3. The effect of different hormonal pretreatments on maximum germination capacity and cumulative
germination process over time in the first population of Galbanum seeds (Kohgiluyeh and Boyer-Ahmad)
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Fig. 4. The effect of different hormonal pretreatments on maximum germination capacity and cumulative
germination process over time in the population of Galbanum seeds (Isfahan)
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Table 1. The effect of different hormonal pretreatments on germination indices in the population
(Kohgiluyeh and Boyer-Ahmad) of Galbanum seeds

Pre treatment  Concentration Grnax Ts Tso MGT Usas.16
sload iy (mg/l) sk % (+ SE) days (+ SE) days (+ SE) days (+ SE)
= 0 (controluals) 12.3(3.3) 554 (11.7) - 57.1(8.3) 6.7 (4.5)
3’ 100 15.0 (3.8) 21.2 (10.3) - 34.5(7.9) 22.0(7.2)
< 'i 500 58.9 (1.3) 26.5 (8.1) 50.4 (4.2) 406 (4.7) 24.0 (7.9)
O X 1000 46.7 (10.4) 14.9 (3.6) 49.5 (1.5) 29.4(0.7) 26.6 (9.2)
Q’ 1500 46.7 (8.6) 35.5(7.8) 62.0 (3.2) 46.3 (4.6) 17.7 (9.1)
2000 33.3(3.3) 28.7(1.2) - 41.8 (4.8) 19.9 (6.3)
0 (controlaals) 123 (333) 55.4 (11.7) - 57.1(8.3) 6.7 (4.5)
f= 5 35.0 (5.7) 433 (5.3) - 50.3 (3.6) 20.1(3.2)
B 4 50 50.0 (5.0) 402 (7.7) 58.5 (5.2) 485 (5.4) 16.2 (5.9)
-E 250 65.0 (3.3) 18.4 (4.2) 54.3 (8.6) 33.6 (3.0) 36.6 (8.0)
500 55.0 (5.7) 20.7 (6.2) 706 (21.3)  34.8(4.9) 35.3(9.6)
1000 63.3 (3.3) 14.2 (0.3) 54.0 (2.2) 30.2 (0.5) 41.8 (5.6)
- 0 (controlaaLs) 12.3(3.3) 55.4 (11.7) - 57.1(8.3) 6.7 (4.5)
s ©, 3 5 417 (3.3) 27.4(1.7) - 38.3(1.6) 38.1(2.4)
é‘—;-: 3 l 25 40.0 (5.0) 34.9 (8.8) - 43.0 (5.8) 29.0 (13.0)
N3 5 8 50 65.0 (7.6) 16.6 (5.2) 37.8(0.8) 30.7 (4.1) 31.7 (10.3)
2 © S 250 60.0 (5.7) 24.3 (6.1) 51.3(115) 37.4(5.1) 27.8 (5.6)
500 61.7 (8.8) 19.4 (2.8) 53.1 (2.5) 34.6 (2.8) 39.4 (4.1)

oy 00 4 il oy by THO wsys 8 & (Siailsr owm) Sloy b (Sialez 9,0 Sloy TS dayds (Sjails> 25Ta> GMAX
olacal july sl olael (Galsz iSlas e ) (Sialer doyo V8 B AY o Sbey alols Ugsgs «(oialsz by awge MGT

20 g lid 1) jlews o o ts.ﬁ..iLA):' ST A s o laslil
Gmax Mmaximum seed germination percentage, Ts germination start time or germination time to 5%, Ts
germination time to 50%, MGT average germination time, the Ugs e time interval between 84 to 16%
Germination (based on maximum germination). The numbers in parentheses indicate +SE of three replication

of each treatment.
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Table 2. The effect of different hormonal pretreatments on germination indices in the population (Esfahan)
of Galbanum seeds

Pre

treatment Concentra‘ti.on Grmax Ts Teo MGT Uga16

o i (mgll) cdake % (+ SE) days (+ SE) days (+ SE) days (+ SE)

B 0 (controluals) 5.0 (1.3) (iié) - - -
3‘ 100 10.0 (2.8) 44.0 (0.0) - 42.4 (2.7) 7.3(0.5)
f‘:_r) 1 500 57.5 (2.5) 28.6 (4.9 457(8.1) 405(3.2) 19.8(2.3)
qx 1000 67.5 (7.5) 31.4(2.0) 52.7(4.8) 43.6(1.1) 20.4(4.3)
1500 77.5 (2.5) 20.9(0.4) 34.1(0.1) 32.0(0.4) 15.4(0.3)
2000 61.6 (1.6) 23.2(2.4) 49.0(29) 36.7(1.8) 23.6(2.9)

54.2 i i i

0 (control wals) 5.0 (1.3) (11.6)

£\ 5 8.3 (4.4) 57.9 (1.2) - 52.9(0.8) 19.9(1L.1)
= 1 50 475(125) 418(1.2) 66.9(3.5) 49.8(1.8) 18.7(1.9)
~ 250 53.3 (6.6) 38.6(5.9) 68.2(1.8) 47.2(.1) 275(7.2)
500 50.16 (1.3) 425(5.4) 52.0(3.8) 49.9(1.9 21.1(1.4)
1000 50.0 (8.6) 43.6(3.8) 62.3(0.9) 49.9(1.1) 155(7.1)

= 0 (control waLs) 5(1.3) (ii‘é) - - -
§- %1\ 5 22.5(7.5) 30.4 (0.3) - 32.9(0.5) 7.6 (0.7)
£ 25 33.3(4.5) 35.5 (6.3) - 40.3(6.9) 13.2(8.5)
c_Eu l 50 55.0 (5.0) 22.9(2.0) 543(3.0) 34.9(0.8) 23.6(6.6)
E EN 250 68.3 (1.3) 23.0(4.3) 55.2(9.2) 37.7(28) 33.4(0.7)

T N

g 500 60.0 (6.6) 21.2(3.0) 38.6(8.1) 335(3.1) 25.2(7.0)

oy 00y il sy 0loj TOO oo 8 4 (Sjailszr oy oloj b Fialsz 5,0 oloy TO oy Sials> iSTae GMaX
olasl jilyy Jobs slael ((Siailex Slas sl 1) Siailex oy V& B AF 0 Sl alold Uga.16 (Sl by lawgie MGT

s e s |y s o 0 tales] ST a8 lailil
Gmax Maximum seed germination percentage, Ts germination start time or germination time to 5%, Ts

germination time to 50%, MGT average germination time, the Ugs i time interval between 84 to 16%
Germination (based on maximum germination). The numbers in parentheses indicate +SE of three replication

of each treatment.
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Fig. 5. The effect of different hormonal pretreatments on germination index and dormancy index (AUC) in
the population of Galbanum seeds (Kohgiluyeh and Boyer-Ahmad).
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Fig. 6. The effect of different hormonal pretreatments on

the population of Galbanum seeds (Isfahan).
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Dormancy and germination response of Galbanum seeds (Ferula
gummosa) under different hormonal pre-treatments and cold

stratification
Mohsen Malek', Farshid Hassani* *, Enayat Rezvani Khorshidi?, Ali Shayanfar?, Bita
Oskoee?, Abbas Dehshiri?
Extended Abstract

Introduction: Galbanum is one of the most important native medicinal plants in Iran, and nowadays the
use of its products and derivatives has become widespread in various industries. Thus, the excessive harvest
of this species within its natural habitats has increased. Therefore, the species is enlisted as prone to
extinction. Due to the lack of information about germination behavior and dormancy alleviating or breaking
methods of Galbanum seeds, less attention has been paid to this plant species by seed science researchers.
Hence, this study was designed and performed to investigate the effects of different treatments on Galbanum
seed dormancy-breaking.

Materials and Methods: In this study, two Galbanum seed populations were collected from Boyer-
Ahmad pastures (Iran, Kohgiluyeh and Boyer-Ahmad Province) and Pakan Bazr Isfahan Company (Iran).
Seeds were exposed to a cold stratification test for 120 days and germinability and dormancy breaking
responses were studied. Also, seed drying effects on germinability after exposure to stratification treatment
were investigated to evaluate the practical aspects of this treatment. The impacts of different hormonal pre-
treatments including gibberellic acid (GA3) and cytokines (Kinetin, 6-Benzylaminopurine) at different
concentrations on germination and dormancy behaviors were investigated so as to assess the effect of these
treatments on seed dormancy breaking.

Results: Results showed that germination/dormancy behaviors of Galbanum populations were different
and also the effect of different treatments on seeds germination and dormancy varied. An increase in
germination was observed when stratification was applied for up to 60 days on two seed populations,
thereafter germination decreased by prolonged stratification. Also, it was revealed that desiccation of the
treated seeds after stratification reduced seed germination. Examining the cause of this issue revealed that the
most important reason for the decrease in seed germination in long periods of stratification was the
germination of seeds in the stratification bed and in other words, the difference in seed dormancy levels in
different stratification periods. Seed germination behavior and dormancy breaking were improved
significantly in both Galbanum populations when the different concentration of gibberellic acid and
cytokinins was used.

Conclusion: The results of this study indicated the existence of different levels of seed dormancy in
different Galbanum populations. It was also found that cold stratification and hormonal pre-treatment of
seeds can be significantly effective in seed dormancy breaking. Eventually, it was concluded that Galbanum
seed dormancy was classified as semi-deep and deep morphological dormancy due to the effects of different
treatments.

Keywords: Kinetin, 6-Benzylaminopurin, Desiccation tolerance, Medicinal Plants
Highlights:

1- The effect of cold stratification treatments over long periods was investigated on Galbanum seed
germination behaviors for the first time.

2- The desiccation of treated seeds under different cold stratification periods was studied on the
germinability of Galbanum seeds for the first time.

3- AUC (Area under the curve) index was introduced as a practical index in seed dormancy breaking
comparison for the first time in domestic research.
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