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ABSTRACT. Fennel is a plant belonging
to the Apiacea (Umbelliferae) family, and
used by humans for a long time for
medicinal purposes. In order to evaluate
the influence of different materials on
germination and seedling growth of three
cultivars of fennel, an experiment was
conducted in 2018. The cultivars of fennel
were Isfahan, Yazd, and Shiraz in main
plots, and three materials including
100% soil, 50% diatomite + 50% soil, and
100% diatomite in subplots, were
analyzed in a split plot experiment based
on a randomized complete block design
(CRBD) with three replications. The
highest total germination percentage,
coefficient of velocity of germination,
epicotile length, fresh epicotile weight
and dry epicotile weight was related to
Isfahan. The maximum speed of
germination, mean germination time,
fresh length and dry leaf weight was
achieved in Shiraz cultivar. The higher
values of total germination percentage,
speed of germination and mean

germination time were related to
100% soil, while application of 50% of
soil + 50% of diatomite had obtained the
maximum values of radicle length,
epicotile length, fresh epicotile weight,
dry leaf weight and dry epicotile weight.
The maximum values of coefficient of
velocity of germination and fresh leaf
weight was achieved in application of
100% diatomite. It seems that application
of 50% soil + 50% diatomite and Isfahan
and Shiraz cultivars have a great potential
of seed germination of seedling growth.

Keywords: mean germination time; fresh
epicotiles; germination percentage.

INTRODUCTION

The aromatic and medicinal
plants are important in all over the
world (Heidari et al., 2014; Soleymani
and Shahrajabian, 2018). Fennel
(Foeniculum  vulgare Mill.) has
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aromatic, medicinal and flavouring
properties, and it is rich in various
biological active ingredients (Ozcan
and Chalchat, 2010; Soleymani and
Shahrajabian, 2012a; Badgujar et al.,
2014; Gama et al, 2014). It is
cultivated in different parts of the
world, such as Europe, the Middle
East and Asia (Sadeghpour et al,
2015). In appropriate seed
germination is a common
phenomenon, which may cause a
great concern for crop production,
especially medicinal and aromatic
crops (Khoshkharam et al., 2010;
Ogbaiji et al., 2018; Shahrajabian et al.,
2018). Seed vigor can be defined as
the ability of the seed to germinate
and become established under less
than optimal conditions, or to survive
a series of environmental stresses
during germination (Soleymani et al.,
2010; Soleymani et al., 2011; Balla
et al., 2012; Soleymani et al., 2013).
Diatoms are the most diverse
group of phytoplankton ranging in the
size from a few micrometers to a few
millimetres and exist either as single
cells or chains of cells (Aksakal et al.,
2013; EI-Sherif et al., 2018). Huang
et al. (2012) concluded that diatomite
is a siliceous sedimentary rock with a
porous structure, low density, high
surface area and excellent thermal
resistance, and it is readily available
and environmentally friendly in
organic agriculture. El-Sherif et al.
(2018) found that diatomite can
improve the growth and mitigate the
negative effects of salinity stress, and
also reduce the negative effects of
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water stress. Yong et al. (2018)
mentioned that favourable
temperatures and water supplies are
the most important conditions

required for germination and seed
emergence. Unfortunately, in Iran the
available researches and studies on
diatomite and application of this
technology for medicinal crop
cultivation is limited. Therefore, the
aim of this research was to evaluate
changes of seed germination and
seedling growth characteristics of
fennel cultivars in centre of Iran to
different managements of diatomite
application.

MATERIAL AND METHODS

Diatomite and three varieties of
fennel were obtained from Agricultural
Research Centre, Isfahan, Iran. The
cultivars of fennel were Isfahan, Yazd,
and Shiraz in main plots, and three

materials,  including 100%  soil,
50% diatomite + 50% soil, and
100% diatomite in subplots, were

analyzed in a split plot experiment, based
on a randomized complete block design
(CRBD) with three replications in a
greenhouse at Mojgan Agricultural
Company, Mahmood Abad, Isfahan, Iran
(Latitude 32°52'N, Longitude 51°34'E and
1660 m elevation) in 2018.

A number of 50 seeds per pots were
planted. Germination percentage,
germination speed (GR), mean
germination time to complete germination
(MGT), and coefficient of velocity of
germination (CVG) were measured with
equations number 1, 2, 3 and 4,
respectively.
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Germination percentage = number of germinated seed /100

(1

_ N
GR=X =N~ @
_ < NiDi

MTG =% - 3)

where, n is the number of germinated seed
on growth day and g is the number of
germination seeds.

CVG =

Germinated seeds were carried out
by using three replicates of 50 seeds and
other seeds were cultured to determine
dry matter. Radicle and epicotile of
germinated seeds were measured for
length and weight characteristics. To this
purpose, 10 seeds were chosen randomly,
within those germinated first. The
selected seedlings were oven-dried for
48 hrs at 65°C for dry weight
measurement.  Analysis of  variance
(ANOVA) was used to evaluate the
significant differences. The Multiple
Range Test of Duncan performed the
separation means (p< 0.05). All statistics
was performed with the SAS statistical
software.

RESULTS AND DISCUSSION

The influence of cultivar was
significant on total germination
percentage, speed of germination,
radicle length, epicotile length, fresh
leaf weight, fresh epicotile weight,
dry leaf weight and dry epicotile
weight. Except fresh epicotile weight,
dry leaf weight and dry epicotile
weight, all experimental
characteristics namely, total
germination percentage, speed of
germination, mean germination time,

1

MTG
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N: total seed number, Ni: number of
germinated seed per day, and Di: the
number of required days for germination.

(4)

coefficient of wvelocity germination,
radicle length, epicotile length and
fresh leaf weight was significantly
influenced by material components
(Table 1).

The highest total germination
percentage (75.99%) was belonged to

Isfahan  cultivar, which  had
meaningful differences with other
cultivars. The total germination

percentage in Yazd and Shiraz cultivar
was 59.86% and 63.82%, respectively.
The appropriate seed germination is
very important for final successful
productions of crops (Shahrajabian
etal., 2011; Soleymani and
Shahrajabian, 2017).

The higher speed of germination
was related to Shiraz cultivar,
followed by Yazd and Isfahan.
Although, there was a significant
difference between Isfahan and
Shiraz, both of these cultivars had no
significant differences with Yazd.

The maximum and the minimum
mean germination time was achieved
in Shiraz and Isfahan cultivar,
respectively. Uniformity and increase
percentage of seedling emergence in
direct seedling planting significantly
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influence the yield and quality of
crops (Khoshkharam et al, 2010;
Soleymani and Shahrajabian, 2012b;
Soleymani and Shahrajabian, 2012c;
Ogbaiji et al., 2013; Shahrajabian et al.,
2013; Soleymani et al., 2016).

Although, the higher value of
coefficient of velocity of germination
was obtained for Isfahan cultivar,
compare to those of other cultivars, no
significant differences were found
between treatments.

The higher radicle length was
related to Yazd (2.60 cm), followed by
Isfahan (2.50 cm) and Shiraz (2.43 cm).
On the one hand, Isfahan had
significant difference with Shiraz; on
the other hand, its difference with
Yazd was not significant. The highest
and the lowest epicotile length was
related to Isfahan (6.50 cm) and Yazd
(3.66 cm), respectively, which had
meaningful differences with other.

The higher fresh leaf weight was
related to Shiraz (0.55 g), followed by
Isfahan (0.51 g) and Yazd (0.31 g),
respectively. Although, there was no
significant difference between Isfahan
and Shiraz, both of these cultivars had
meaningful difference with Yazd.

The maximum and the minimum
fresh epicotile weight were belonged
to Isfahan and Yazd cultivar,
respectively. Fresh epicotile weight in
Isfahan, Yazd and Shiraz was 0.60 g,
0.38 g and 0.47 g, respectively.

The maximum and the minimum
dry leaf weight was related to Shiraz
and Yazd, respectively, which had
meaningful difference with each other.
However, no significant difference

294

was found between Isfahan and Shiraz
cultivar. The higher dry epicotile
weight was achieved in usage of
Isfahan, followed by Shiraz and Yazd,
respectively. All differences between
treatments were significant (Table 1).

The maximum and the minimum
total germination percentage and
speed of germination were achieved
in usage of 100% soil and 100%
diatomite, respectively, which had
meaningful differences with each
other. The highest and the lowest
mean germination times were related
to 100% soil, and 50% soil + 50%
diatomite, respectively. All differences
between treatments were meaningful.

Application of 100% soil had
obtained the lowest coefficient of
velocity of germination and radicle
length, which had meaningful
differences with other treatments.
Delayed and reduced germination and
seedling emergence cause non-
uniform and establishment; therefore,
seedlings are subject to soil-borne
pathogens (Nourimand et al., 2011;
Shahrajabian and Soleymani, 2017;
Shahrajabian et al., 2017; Abdollahi
et al, 2018). The higher values of
coefficient of velocity of germination
and radicle length were observed in
50% soil + 50% diatomite and
100% diatomite, respectively.

The maximum and the minimum
epicotile length was related to 50% soil
+ 50% diatomite and 100% diatomite,
respectively. All differences between
treatments were meaningful.
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The higher values of fresh leaf
weight was related to 100% diatomite,
followed by 50% soil + 50%
diatomite and 100% soil, respectively,
which had significant differences with
each others. Application of 50% soil
+ 50% diatomite had obtained the
highest values of fresh epicotile
weight, dry leaf weight and dry
epicotile weight. There were not any
significant  differences for fresh
epicotile weight, dry leaf weight and
dry  epicotile  weight between
treatments. The minimum fresh
epicotile weight and dry epicotile
weight were achieved in 100% of
application of soil (Table 1).

CONCLUSIONS

Germination ability and
percentage of medicinal crops are of
fundamental importance, influencing
the viability of the plants developing
from the grains. The highest total
germination percentage, coefficient of
velocity of germination, epicotile
length, fresh epicotile weight and dry
epicotile weight was related to
Isfahan. The maximum speed of
germination, mean germination time,
fresh length and dry leaf weight was
achieved in Shiraz cultivar. The
higher values of total germination
percentage, speed of germination and
mean germination time were related
to 100% soil, while application of
50% of soil + 50% of diatomite had
obtained the maximum values of
radicle length, epicotile length, fresh
epicotile weight, dry leaf weight and
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dry epicotile weight.

The maximum values of
coefficient of velocity of germination
and fresh leaf weight was achieved in
application of 100% diatomite. All in
all, on the basis of results, it can be
concluded that application of 50% soil
+ 50% diatomite and Isfahan and
Shiraz cultivars have a great potential
of seed germination of seedling
growth.
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