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Gundelia tournefortii L. seeds owing to the strongly lignified disseminule from
secondary capitulum, cannot germinate easily. In current study, three individual
experiments were done to investigate the impact of chemical scarification
(treatment with water, hydrochloric acid, sulfuric acid, acetic acid, sodium
hypochlorite and hydrogen peroxide in durations of 20, 40, 60 min), physical
scarification (control, scalpel, blade and 5, 10 min sand paper) and temperature
shocks (individual or combined treatment with boiled water for 60 min and 1, 2,
3 days freezing on seed germination of chelgerd population. Results showed that
in non-scarified seeds, germination was very low, but all mechanical scarification
methods increased seed germination. Among chemical scarification treatments,
the highest seed germination obtained by 20 min soaking in hydrochloric acid but
seedling growth was not favorable. The combined treatment of 60 min soaking in
hot water and 3 days freezing, better than individual temperature shock increased
germination indices, seedling length and vigor. In sum, results showed that the
best method for physical dormancy breaking of kenger seeds was scarifying with
scalpel that imparted the maximum germination percentage (58.46%), peak value
(3.5 No. in day), mean daily germination (3.2 No. in day) and germination value
(11.53).
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EXTENDED ABSTRACT

Introduction

Gundelia tournefortii L. is a species of Irano-Turanian origin
that its local name is Kenger in Kurdish language, and the same
name is applied in English language. This plant has one of the
most complicated inflorescence structures in the Asteraceae and
its fruit contains a strongly lignified secondary capitulum or
disseminule, a single enclosed cypsela and the spiny, free tips
as an adhering pappus for dispersal. Despite its importance in
the traditional diet and for the livelihoods of local communities
in Iran, plants are still mainly gathered for consumption from
the wild area. The propagation has been limited due to
dormancy and the difficulties of germinating seeds. In seeds
with physical dormancy whose embryo growth is mechanically
constrained by mostly dead seed-covering layers such as the
outer testa or pericarp, the completion of germination requires
a reduction of the mechanical constraint associated with the
seed-covering layer(s). Therefore, the current study was
conducted to explore the effects of different scarification
methods and thermal shocks on removing the hardness of cover
on seeds of kenger to provide a basis for the future cultivation
and domestication of this plant species.

Materials and methods

The first experiment was performed to explore the effect of
physical scarification by scalpel, blade and 5, 10 min sand paper
on seed germination of chelgerd population. The experiment
was conducted in a completely randomized design with six
replications, and each replication was included a Petri dish
containing 15 seeds. Intact seeds were also considered as the
control group.

The second experiment was conducted as a factorial
arrangement in a completely randomized design with six
replications to investigate the effect of soaking in water
(control), sulfuric acid, hydrochloric acid, acetic acid, sodium
hypochlorite, and hydrogen peroxide (at a concentration of
20%) for 20, 40, and 60 minutes on seed germination and
growth of Gundelia tournefortii seedlings. It should be noted
that in most studies, high concentrations of acids are used for
short periods of chemical scarification, which usually has a
negative effect on seedling growth. Therefore, in the present
study, 20% concentrations of acids and other chemicals were
used and the effect of different durations was investigated.

The third experiment was also conducted as a factorial
arrangement with a completely randomized design with six
replications. The factors were included heat shock with two
levels (soaking in tap water as control treatment and soaking the
seeds in boiling water at 95°C for 60 minutes) and freezing the
seeds with four levels (0, 1, 2 and 3 days of freezing) at -20°C.
In all experiments, after scarification, 15 seeds were transferred
on filter paper and the Petri dishes were placed in a germinator
at 25°C with a photoperiod of 14/10 hours of dark/light and
were irrigated with distilled water every day. It should be noted
that due to the large size of Gundelia tournefortii seed, the
number of seeds in each Petri dish was limited, but more
replications were performed so that at least 90 seeds could be
tested. The number of germinated seeds was recorded every day
for a month until no new germination occurred for 3
consecutive days. Then, final germination, peak value, mean
daily germination, germination value, seed length and vigor
index were calculated for each treatment.

Germination peak value (PV) was calculated as the maximum
cumulative germination percentage divided by the number of
days required to reaching this germination percentage. The
mean daily germination (MDG) was obtained by dividing the
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number of germinated seeds by the total number of days of the
experiment, and finally the germination value (GV) was
calculated as the multiplication of MDG and PV. Seed vigor
also was calculated as the multiplication of final germination
and seedling length.

Results and discussion

Results of the first experiment showed that while control seeds
did not germinate, all mechanical scarification methods
increased seed germination. Scarification with a razor blade had
the least effect, and breaking cover on seeds by a scalpel had
the most effect on the final germination of seeds (Figure 1-A).
Also, a similar trend was observed for the effect of different
physical scarification methods on peak value, mean daily
germination, and germination value (Figure 1-B-D). In fact,
lignified disseminule from secondary capitulum around seeds is
so hard that scarification with a razor blade was not enough to
remove its inhibitory effect, and abrasion with sandpaper and
especially its breaking with a scalpel were more effective in
removing this barrier to root emergence, and as a result, the
length of the germinating seed and the vigor index also
increased in this treatment (Figure 2).

Results of the second experiment showed that seeds soaked in
water (control) had very low germination, but treatment with
sulfuric acid, hydrochloric acid, acetic acid, sodium
hypochlorite and hydrogen peroxide significantly increased
final germination percentage, the peak value, mean daily
germination and germination value (Figure 3). This again
confirms that the dormancy of kenger seeds is related to the
hardness of cover on seeds and these chemical treatments have
significantly increased the germination capacity and speed of
seed germination by removing the mechanical resistance of this
cover. The interaction between the type of chemical compounds
and the duration of scarification on seedling length and seed
vigor showed that treatment with acetic acid for 20 to 60
minutes, sodium hypochlorite for 20 minutes, and hydrogen
peroxide for 60 minutes had more favorable effects on these
attributes. In contrast, increasing the duration of treatments
especially with hydrochloric acid and sulfuric acid caused a
decrease in seed germination, seedling length and seed vigor
(Figures 3, 4) and therefore, the use of these treatments is not
recommended.

The results of third experiment showed that soaking seeds in
boiling water or freezing of seeds increased seed germination,
peak value, mean daily germination, germination value, seed
length, and vigor index. However, the dual application of these
treatments was more effective and better seed germination
indices were obtained in the combined treatment with boiling
water for 60 minutes and freezing for 3 days (Figure 5). It is
likely that exposing the seeds to cold and hot temperature
shocks further contributed to the cracking of the hard cover on
seeds. However, the effect of combined treatments of boiling
water and freezing on germination indices was less than that of
scarification with a scalpel.

Conclusion

This study showed that the physical dormancy of Gundelia
tournefortii seeds is related to lignified disseminule from
secondary capitulum around the seeds and breaking this cover
on seeds with a scalpel was more effective than other physical
and chemical scarification methods and shock temperatures.
However, it is noteworthy that even with this treatment,
germination ultimately reached 60%. Therefore, it is very likely
that another part of the seed dormancy be physiological type
that should be assessed in future studies.
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Figure 1- The effect of various methods of physical scarification on final seed germination percentage (A), Peak value
(B), MDG (C), and germination value (D), of kenger seeds

The same letters indicate non-significant differences between treatments according to
Duncan’s multiple range tests at P<0.05
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Figure 2- The effect of various methods of physical scarification on length of seedling
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The same letters indicate non-significant differences between treatments according to
Duncan’s multiple range tests at P<0.05
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Table 2- The analysis of variance related to the effect of various methods and different diurations of chemical
scarification on seed germination indices and seedling length
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Figure 3- The effect of various methods and different diurations of chemical scarification on final seed germination
percentage (A), Peak value (B), MDG (C), and germination value (D), of kenger seeds

The same letters indicate non-significant differences between treatments according to
Duncan’s multiple range tests at P<0.05
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Figure 4- The effect of various methods and different diurations of chemical scarification on length (A),
and vigor index (B) of kenger seedling

The same letters indicate non-significant differences between treatments according to
Duncan’s multiple range tests at P<0.05
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Table 3- The analysis of variance related to the effect of boiled water and freezing on seed germination indices and
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Figure 5. Interactive effect of boiled water (0, 60 min) and freezing (0, 1, 2, 3 days ) on final seed germination
percentage (A), Peak value (B), MDG (C), and germination value (D), length (E), and vigor index (F)
of kenger seedling

The same letters indicate non-significant differences between treatments according to
Duncan’s multiple range tests at P<0.05
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