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Abstract

This study was carried out to determine the effects of cumin and fennel seeds extracts, on the germination, seedling
development and mitotic activity in root end meristem cells of flax seed. The experiment was established in laboratory
according to randomized plot factorial experiment design with three replications in incubator having 23 °C temperature.
At the end of 14 days of germination period some germination parameters were measured. According to the control, it
was observed that fennel extract applications positively affected the germination and seedling development of flax seed
except 100 g/l dose. While germination is seen at 100 g/l, seedling growth is completely prevented. It was observed that
all cumin extract applications had a negative effect on the germination and seedling development of flax seed compared
to the control. This negativity has shown more effect in increasing doses. While the germination rate is gradually
decreasing in increasing doses, it is observed that the growth of seedlings is completely prevented except 12.5 and 25
g/l cumin extract. Increased doses at doses other than 100 g/l increased the mitotic index in fennel extract application
and decreased the dose increase in cumin extract application. The percentage of chromosomal abnormality decreased in
parallel with the increase in doses other than 100 g/l in fennel, but percentage of chromosomal abnormality increase with
increasing doses in cumin extract. During mitotic examinations; mitotic abnormalities such as failure to collect the
metaphase plate, bridge in anaphase and telophase were observed and their pictures were recorded.
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Rezene ve Kimyon Ekstraktlarimin Keten Tohumunun Cimlenme
Parametreleri ve Kok Ucu Hiicrelerinde Mitotik Aktivite Uzerine Etkisi

Oz

Bu ¢alisma kimyon ve rezene tohum ekstraktlarinin keten tohumunun ¢imlenme, fide gelisimi ve kok ucu meristem
hiicreleri tizerindeki mitotik aktivitelerini belirlemek amaciyla yapilmigtir. Aragtirma, laboratuvar kosullarinda 23
°C’deki inkiibatorde tesadiif parsellerinde faktoriyel deneme desenine gore iig tekerriirlii olarak yiiriitiilmiistiir. Tki farkl:
ogiitiilmiis tohum tiirlinden 4 farkli ¢ozelti hazirlanmistir. 14 giinliik ¢imlenme siiresinin sonunda, bazi ¢imlenme
parametreleri 6l¢iilmiistiir. Kontrol uygulamasina gore, rezene ekstrakti uygulamalarmin 100 g/l dozu hari¢ keten
tohumunun ¢imlenmeyi tegvik ettigi ve fide geligimini olumlu yonde etkiledigi goriilmiistiir. 100 g/l dozunda ¢imlenme
goriiliirken, fide biiyiimesi tamamen engellenmistir. Tim kimyon ekstrakti uygulamalarinin, kontrol uygulamasina
kiyasla keten tohumunun ¢imlenme ve fide gelisimi {izerinde olumsuz bir etkisi oldugu belirlenmistir. Bu olumsuzluk
artan dozlarda daha fazla etki gdostermistir. Cimlenme orani artan dozlarda kademeli olarak diiserken, 12.5 ve 25 g/l
kimyon ekstraktr uygulamalar1 haricinde fide biiyiimesinin tamamen 6nlendigi gortilmiistiir. 100 g/l disindaki dozlar,
rezene ekstrakti uygulamasinda mitotik indeksi artirirken kimyon ekstrakti uygulamasinda doz artig1 mitotik indeksi
azaltmigtir. Kromozomal anormallik yiizdesi, rezenelerde 100 g/l disindaki dozlardaki artisa paralel olarak azalmis,
ancak kimyon ekstraktinda artan dozlarla kromozomal anormallik yiizdesi artmigtir. Mitotik incelemelerde; metafaz
plaginda toplanamama, anafazda ve telofazda koprii gibi mitotik anormallikler gézlenmis ve resimleri kaydedilmistir.

Anahtar kelimeler: Kimyon, Rezene, Cimlenme, Mitotik aktivite, Bitki ekstrakt.

1. Introduction

Some plants contain a number of substances that inhibit the metabolism of other plants. The presence
of these substances has been known for centuries [1, 2]. The term, allelopathy, is an important evidence
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of the interaction between plant species or microorganisms. These interactions between species may be
negative or positive [3]. Allelopathic substances may inhibit germination and growth of the same plant
variety, as well as other plants. It may also prevent the development of alternation plants [4]. Research
has shown that allelochemicals prevent or inhibit seed germination and plant growth [5]. According to
Fateh et al. [4] the beneficial and harmful chemical interactions of plants and microorganisms were first
described by Molisch [6] as allelopathy. Most of the allelochemicals that the plants have are secreted
from leaves, stalks, roots, fruits and seeds. They affect the growth of other plants; especially phytotoxic
dissociation caused a wide range of harmful effects on growth and development. Various secondary
plant products are among allelopathic compounds. As the most common allelopathic substances;
phenolic compounds including phenols, phenolic acids, cinnamic acid derivatives, coumarins,
flavonoids, quinines and tannins are counted [4]. Plants such as roots, stems and leaves, or the chemicals
that arise from the decomposition of these organs have allelopathic effects that often lead to production
losses in varying proportions [7]. When previous studies on allelopathy are examined; Kim [8] reported
that allelopathic substances secreted by the tomato plant prevent germination and seedling growth in
lettuce, grown in the same location. In a study carried out by Uygur et al. [9] in Cukurova, it was revealed
that Antep radish (Raphanus sativus) could be used successfully in the natural struggle with Johnson
grass (Sorghum halepense) [10]. Hesabi [11], in order to determine the effects of yarrow herbal extract
on germination of canola and yellow flax seeds, used the shoot and root portion of yarrow, prepared 5
different doses of solution and found that these extracts increased the percentage of germination, root
and shoot length in increasing doses. A higher germination rate was obtained in yellow flax and canola
seeds compared to the control (pure water) application. The aim of this study was to determine the
allelopathic effect of extracts obtained from fennel and cumin seeds on seed germination and mitotic
stages in stem tip meristem cells of flax.

2. Materials and Methods

The research was carried out in February 2017 at Kahramanmaras Sutcu Imam University, Faculty of
Agriculture, Field Crops Department and Medicinal Plants Laboratory. The study was established
according to the factorial arrangement in randomized complete block design with 3 replications. 50
grams of ground cumin and fennel seeds were collected and placed in 1000 ml volumetric flask. These
samples were added to 500 ml of distilled water and extracted for 3 hours in the Neo-Clevenger
apparatus. As a result of the extraction, 100 g/l dose was formed. This dose was diluted and other doses
(12.5, 25 and 50 g/I) were obtained. All of the solutions were prepared using pure water. The base of
each Petri dish (110 mm) is covered with two layers of Whatman filter paper. Then, 10 ml of the
solutions were taken and the drying papers were wetted and 25 pieces of flax seed were planted. Seeds
placed in Petri dishes were allowed to germinate for 14 days in an incubator with a temperature of 23 +
1°C.  The germination rate, radicle length, plumule length, seedling length, seedling fresh weight,
seedling dry weight and vigor index values were measured. Seed germination was divided into total
number of seeds and then multiplied by 100 and the germination rate was found. The radicle and plumule
lengths were measured separately with the help of the ruler, and then both were collected and the
seedling length was calculated. Radicle and plumula were weighed freshly and the fresh weight of the
seedling was measured and then it was kept at 78 °C for 24 hours and the seedlings were weighed dry
again. To find the vigor index, the seedling length was multiplied by the germination rate [3]. For the
mitotic analysis, 10 germinated seeds with a root length of 2 mm were taken and fixed in glacial acetic
acid-ethanol solution (1:3) in refrigerator for 24 hours. After fixation, they were stored in 70% alcohol.
In order to examine the mitotic activities in root tip cells, the root tips were hydrolysed in 1 N HCI. In
the dark one hour is stained with Feulgen. At the end of the dyeing process, at least five slides of these
root tips were prepared and mitotic stages were examined and the phases of the cells counted under the
microscope were taken [12]. The data in the study were subjected to variance analysis using SAS 9.4
statistical program (SAS, 2014). Averages compared to Least Significant Differences (LSD) test (Steel
and Torrie, 1980).
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3. Results and Discussion
3.1. Germination and seedling development results
3.1.1. Germination rate (%0)

As a result of the application of fennel extracts as shown in Table 1, the highest germination rate in flax
seeds was obtained as 93% in fennel extracts of 25 and 50 g/l, while the lowest germination rate was
87% in control application. In the application of cumin extracts, the highest germination rate was
obtained in control application with 84%, while the lowest germination rate was 4% in 50 g/l of cumin
extract. As seen in Table 1, the difference between the average germination rate of fennel and cumin
extracts was statistically significant. The average germination rate of fennel extract was obtained as
91%. This value was found to be 29% in cumin application. Application of fennel extract promotes
germination, while cumin extract applications have decelerated germination.

3.1.2. Radicle length (cm)

According to Table 1, the highest radicle length in flax seeds was obtained as 4.22 cm from 12.5 g/l
fennel extract. In addition, the lowest radicle length was obtained as 2.91 cm from 25 g/l fennel
application. In the application of 100 g/l fennel extract, the elongation is completely prevented. In the
application of cumin extracts, the highest radicle length was found as 3.09 cm in the control application,
followed by 12.5 g/l and 25 g/l applications as 0.76 cm and 0.02 cm respectively. In 50 g/l and 100 g/l
cumin extract applications, radicle growth was completely stopped. As seen in Table 1, the difference
between the radicle length averages obtained from fennel and cumin extracts was statistically
significant. While the average of radicle length was 2.75 cm in fennel extract application, this value was
found to be 0.77 cm in cumin application. Applications of cumin extract halted the development of
radicle while fennel extract application promotes radicle development.

Table 1. Effects of cumin and fennel extracts on germination and seedling development of flax seed
GR RL PL SL SFW SDW

%)  ©em)  (m  ©m) (g @
*%* *%* *%* *%* *%* *%* *%*
Extracts Fenn_el 9la 2.75a 7.65a 1041a 0.629a 0.041a 953 a
Cumin 29b 0.77b 242D 3.19b 0.178b 0.010b 249 b
LSD 7.15 0.62 0.65 1.06 0.062 0.014 100.7
*%* *%* *%* *%* *%* * *%*
Control 0 86 a 3.00abc 9.38ab 12.39ab 0.701ab 0.041b 1057 ab
100 88 a no no no no no no
Fennel 50 93 a 3.72ab 9.51ab 13.24ab 0.790ab 0.042b 1239c
(g/l) 25 93 a 291abc 847ab 11.38ab 0.798ab 0.044b 1062 ab
12.5 92a 422a 11.12a 15.35a 0.865a 0.077a 1414a
100 9b no no no no no no
Cumin 50 4b no no no no no no
(g/l) 25 7b 0.02¢c 0.03c¢c 0.05¢ 0.006c 0.001c 0.33¢c
125 43 ab 0.76bc  2.49bc 3.26bc 0.178bc  0.015c 177 be
LSD 55.93 2.96 7.648 10.57 0.6469 0.02437 1005

CV (%) 15.54 45.86 16.84 20.25 20.07 66.93 21.85
**Significant at P<0.01; * Significant at P<0.05; no: no observation; GR: Germination Rate; RL: Radicle
Length; PL: Plumula Length; SL: Seedling Length, SFW: Seedling Fresh Weight; SDW: Seedling Dry Weight;
VI: Vigour Index

3.1.3. Plumule length (cm)

As shown in Table 1, the highest plumule length in flax seeds was obtained as 11.12 cm in 12.5 g/l
fennel extracts, while the lowest plumula length was obtained as 8.47 cm in 25 g/l fennel extracts. In
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the application of 100 g/l fennel extract, the elongation is completely prevented. In the application of
cumin extracts, the highest plumule length was 9.58 cm in the control application, followed by 12.5 g/l
and 25 g/l applications as 2.49 cm and 0.03 cm, respectively. Plumule growth was completely prevented
in 50 g/l and 100 g/l cumin extract applications. As seen in Table 1, the difference between plumule
length averages obtained from fennel and cumin extracts was statistically significant. While the average
length of the plumule was obtained as 7.65 cm in fennel extract application, this value was 2.42 cm in
cumin application. Applications of cumin extract halted the development of plumule while fennel extract
application promotes the development of plumule.

3.1.4. Seedling length (cm)

As a result of the application of fennel extracts, the highest seedling length in flax seeds was obtained
from 12.5 g/l fennel extracts as 15.35 cm, while the lowest seedling length was obtained as 11.38 cm in
25 g/l fennel application. In the application of 100 g/l fennel extract, the elongation is completely
prevented. In the application of cumin extract, the highest seedling length was obtained with 12.67 cm
in the control application, followed by 12.5 g/l and 25 g/l as 3.26 cm and 0.05 cm respectively. Plumule
growth was completely prevented in 50 g/l and 100 g/l cumin extract applications. The difference
between seedling length averages obtained from fennel and cumin extracts was statistically significant.
The average length of the seedling was obtained as 10.41 cm in fennel extract, while this value was 3.19
cm in cumin application (Table 1). Applications of cumin extract prevented the growth of seedlings
while fennel extract application promotes the growth of seedlings.

3.1.5. Seedling fresh weight (g)

According to Table 1, the highest seedling fresh weight in flax seeds was obtained from 12.5 g/l fennel
extracts as 0.865 g, while the lowest seedling fresh weight was obtained as 0.692 g in the control
application. In the application of cumin extracts, the highest seedling fresh weight was obtained in the
control application as 0.71 g, while the lowest seedling fresh weight was obtained as 0.006 g in 25 g/I
cumin extract. In 50 g/l and 100 g/l cumin extract applications, seedling development is completely
prevented. As seen in Table 1, the difference between the average seedling fresh weight obtained from
fennel and cumin extract applications was statistically significant. In the fennel extract application, the
average seedling fresh weight was obtained as 0.629 g, in the cumin extract application this value was
obtained as 0.178 g. Fennel extract application increased seedling fresh weight value while cumin extract
applications lowered this value due to stagnation in seedling development.

3.1.6. Seedling dry weight (g)

The highest seedling dry weight in flax seeds was obtained as 0.077 g in 12.5 g/l fennel extracts
application while the lowest seedling dry weight was obtained as 0.042 g in 50 g/l application. Seedling
development was completely prevented in 100 g/l application (Table 1). In the application of cumin
extracts, the highest seedling dry weight was obtained as 0.037 g in control application while the lowest
seedling dry weight was obtained as 0.001g in 25 g/l cumin extract. In 50 g/l and 100 g/l cumin extract
applications, seedling development is completely prevented. As seen in Table 1, the difference between
seedling dry weight averages obtained from fennel and cumin extract applications was statistically
significant. In the fennel extract application, seedling dry weight averages were obtained as 0.041 g,
while in cumin application this value was found as 0.010 g. Fennel extract application increased seedling
dry weight value while cumin extract applications decreased this value due to stagnation in seedling
development.

3.1.7. Vigor index
As a result of the application of fennel, the highest vigor index in flax seeds was obtained in 12.5 g/l
fennel extract application as 1414, while the lowest vigor index was obtained from control application

as 1048. This value could not be calculated since seedling development was completely prevented in
100 g/l application. In the application of cumin extracts, the highest vigor index was obtained in the
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control application as 1066 while the lowest vigor index was obtained from 12.5 g/l cumin extract
application as 177. In 50 g/l and 100 g/l cumin extract applications, vigor index value could not be
calculated since seedling development was prevented completely (Table 1). As seen in Table 1, the
difference between vigor index means obtained from fennel and cumin extracts were statistically
significant. While the average vigor index value of fennel extract was obtained as 953. This value was
found to be 249 in cumin application. Fennel extract application increased mean vigor index value while
cumin extract applications decreased this value due to germination and stagnation in seedling
development.

According to Ozbay [10], in order to determine the allelopathic effects of some weeds, medicinal
and aromatic plants on germination and seedling growth of pepper (Capsicum annuum L.), the study
was carried out with laboratory and greenhouse experiments. The water extracts were obtain from fennel
(Foeniculum vulgare), hibiscus (Malva sylvestris), red clover (Trifolium pratense L), mustard (Brassica
nigra), dill (Anethum graveolens), mother of pearl (Ruta graveolens L.), cumin (Cuminum cyminum L.)
and liquorice (Glycyrrhiza glabra L.). According to this study, inhibition effect and rate varies
depending on the plants tested and concentration and applications. Especially fennel (10%), hibiscus
(10%), pearl grass (10%), liquorice (10%) and mustard (10%) on pepper seedlings other inhibitory
effects was found to be more than the others applications. In a study conducted on five indigenous and
five nonindigenous invasive plant species commonly grown in China. The different concentrations of
extracts obtained from leaves and roots of Chromolaena odorata (control, 1%, 5% and 10%) were
investigated for allelopathic effect of invasive plant species on seed germination. Extracts prepared from
C. odorata leaves and roots limited seed germination, root and stem length development in identified
species. This inhibitory effect is generally increased with an increase in extract concentration and has
been reported to be more pronounced in leaf extract than in root extract [15]. According to Kadioglu
and Yanar’s [16] study on 22 different plant extracts on the germination of nine different wild plant
seeds, it was found that all weed extracts, except Lolium temulentum L., stimulated seed germination of
Descurania sophia at different levels. Germination of Lolium perenne L. was most strongly inhibited
by the extracts of Salvia officinalis L., Laurus nobilis L. and Artemisia vulgaris L. According to Horoz
[17], extracts obtained from leaf, stem and roots of flowering and pre-flowering periods of Andyba
(Inula viscosa (L.) Aiton) and coke tree (Ailanthus altissima (Mill.) Swing); Amaranthus albus L.,
Amaranthus hybridus L., Amaranthus retroflexus L., Avena sterilis L., Echinochloa cruss-galli (L.) P.
Beauv., Echinochloa colonum (L.) Link., Hirchfeldia incana (L.) Lagr. Foss., Lolium multiflorum (L.)
Lam., Portulaca oleracea L., Setaria verticillata (L.) P. Beauv., Sinapis arvensis L. and some cultivated
plants; allelopathic activity of Capsicum annuum L., Lycopersicon esculentum L., Triticum durum L.,
Triticum aestivum L. and Zea mays L. were investigated. According to the results, allelopathic activity
of plant extracts increased in parallel with increasing doses (1%, 2%, 4%, 8% and 16%), weeds
significantly prevent seed germination. As stated in Horoz [17], according to S6zeri and Ayhan [18],
the root and leaf-water extract concentrations of Taraxacum officinale in 1/4, 1/8, 1/12, 1/16 ratios,
Festuca arundinacea (fine lawn), F. avina (crystal), F. rubra var. rubra (franklin), F. rubra var.
commutata (tamara), F. rubra var. trichophylla, F. perene (peramo) varieties have been investigated for
allelopathic effects on germination and root development, T. officinale’s leaf-water extracts F. rubra
var. rubra and F. rubra var. trichophylla has been reported to promote seed germination, but seedling
deaths have been reported after emergence. Burgos and Talbert [19], rye (Secale cereale) in the water
extract allelochemicals Cucumis melo, Cucumis sativus and Cucurbita pepo was found to have the
ability to inhibit shoot development. Turk and Tawaha [20] found that Brassica nigra L. (black mustard)
contains water-soluble substances that prevent the growth of seedlings and seed germination of Avena
fatua L. (wild oats). They found that the aqueous extracts of shredded B. nigra affected germination,
seedling length and weight of Avena fatua in parallel with the increase in concentration. Melissa
officinalis’s ground plant parts of young plants of 30 days; Amaranthus caudatus L. inhibited
germination and shoot growth of Digitaria sanguinalis (L.) Scop and Lactuca sativa L. seeds. [21].
Kordali et al. [22], Achillea biebersteinii and A. gypsicola in the study of the effects of essential oils and
extracts, it was found that A. gypsicola, especially Amaranthus retroflexus, Cirsium arvense and Lactuca
serriola completely had prevented germination and seedling development. According to Kitis et al. [23],
water extracts of 25%, 50% and 100% of the common vetch were kept in water for 1, 3 and 7 days. The
extracts were carried out on the seeds of Avena sterilis, Amaranthus retroflexus, Chenopodium album,
Corchorus olitorus, Echinochloa colonum, Lepidium sativum, Portulaca oleracea, Setaria verticillata,
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Sinapis arvensis. At the end of the study, it was determined that allelopathic potential of common vetch
on seed germination was influential in suppressing weeds.

3.2. Mitotic activity results

As seen in Table 2, average 3000 cells were counted in the preparations for observing mitotic activity
in the root tip cells of flax seeds. The most obvious indication of the negative effects of the germinated
flax seeds on the root tip meristems is the changes in the mitotic index.

As shown in Table 2, mitotic index and chromosomal abnormalities percentage varies in
different doses of fennel and cumin extract. The lowest mitotic index was found in 100 g/l application
and the highest mitotic index was in the control group. The highest chromosomal abnormality was
observed at a dose of 12.5 g/l and the lowest at 50 g/l at the concentrations obtained from cumin extracts.
Since germination stopped at 50 g/l and 100 g/l cumin applications, the root could not be obtained from
mitotic examination. In the fennel control group, division was observed in 142 of 3000 cells counted at
the root tip. In relation to abnormalities in this concentration and their distribution to phases; in 5 cells,
the metaphase plate could not be collected, and bridge in anaphase in 4 cells was observed (Table 2, Fig.
1-3). In the 12.5 g/l fennel application, the division in 83 of the 3000 cells counted at the root tip was
observed. The abnormalities in this concentration and their distribution to phases; bridge in anaphase
was observed in 7 cells (Table 2, Fig. 3). In the 25 g/l fennel application, the division in 111 of the 3000
cells counted at the root tips were observed. The abnormalities in this concentration and their distribution
to phases; bridge in anaphase in 2 cells and bridge in telophase in 3 cells were observed (Table 2, Fig.
3, 4). In the 50 g/l fennel application, the division in 113 of 3000 cells counted at the root tips were
observed. The abnormalities in this concentration and their distribution to phases; bridge in anaphase
was observed in 2 cells (Table 2, Fig. 3). In the 100 g/l fennel application, the division in 79 of 3000
cells counted at the root tips were observed. The abnormalities in this concentration and their distribution
to phases; in 1 cell the metaphase plate could not be collected and bridge in anaphase in 4 cells was
observed (Table 2, Fig.2, 3). In the cumin control application, the division in 108 of 3000 cells counted
at the root tips were observed. The abnormalities in this concentration and their distribution to phases;
bridge in anaphase in 7 cells was observed (Table 2, Fig. 3). In the 12.5 g/l cumin application, the
division in 107 of 3000 cells counted at the root tips was observed. The abnormalities in this
concentration and their distribution to phases; the bridge in anaphase in 5 cells was observed (Table 2,
Fig. 3). In the 25 g/l fennel application, the division in 90 of 3000 cells counted at the root tips were
observed. The abnormalities in this concentration and their distribution to phases; in 4 cells the
metaphase plate could not be collected and bridge in anaphase in 7 cells was observed (Table 2, Fig. 2,
3). Since 50 g/l and 100 g/l cumin doses completely stopped germination, the root tip could not be
obtained from mitotic examinations.

Table 2. Effects of cumin and fennel extracts on mitosis in flax seed root tip cells

Doses (g/1)
Control 125 25 50 100
Number of average counted cells 3000 3000 3000 3000 3000
Mitotic index (%) 473 276 370 373 263
Chromosome abnormalities (%) 6.76 9.21 471 180 6.75
Fennel Normal split cell number 133 76 106 111 74
Inability to collect in metaphase 5 - - - 1
Bridge in anaphase 4 7 2 2 4
Bridge in telophase - - 3 - -
Number of average counted cells 3000 3000 3000 3000 3000
Mitotic index (%) 3.6 3.56 3.00 - -
cumin Chromosome abnormalities (%) 6.93 467 1392 - -
Normal split cell number 101 102 79 - -
Inability to collect in metaphase - - 4 - -
Bridge in anaphase 7 5 7 - -
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Figure 1. Normal and abnormal mitotic phase images of flax species:
a- Prophase, b- Metaphase, c- Anaphase, d- Telophase

Figure 2. e-f-g-h: Do not gather on metaphase plate in different cells
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Figure 3. 1-j-k-I: Chromosome bridge in anaphase in different cells

Figure 4. m-n-p-r: Chromosome bridge in telophase in different cells
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4, Conclusion

In the light of all information, in this study, fennel extract appears to promote flax germination. It is
thought that this effect can be used to break dormancy in different seeds, thanks to more detailed studies.
It was seen that fennel extract increased mitotic index of flax seeds, while cumin extract decreased. In
addition, it is considered that cumin extract can be used in some seeds to prevent germination. Further
research is needed to investigate its effects against various species.
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