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Abstract

The objective of this study is to investigate the effects of different concentrations of oryzalin and colchicine that were applied 
in the in vitro liquid medium on the tetraploid plant production in eggplant cultivars, Karnaz F1 and Faselis F1. In the study, 
2.5 or 3.75 mM of colchicine for 8, 16 or 32 hours; and 28.8 or 43.2 µM of oryzalin for 12, 24 or 36 hours were applied to the 
shoot tips and stem buds in the regeneration medium that composed of liquid MS medium supplemented with 0.5 mg/l BA and 
10 g/l sucrose. The explants were shaken at 100 rpm under light intensity of 20-30 μmol/m2s over a 12/12 h (light/dark) photo-
period, and were placed on the regeneration medium without colchicine and oryzalin. Ploidy levels of the regenerated plantlets 
were determined by flow cytometry. The experimental design consisted of a completely randomized factorial design with three 
replicates per treatment.
In the Karnaz F1 and Faselis F1 cultivars, tetraploid plants could not be obtained from colchicine applications. However, tet- 
raploid plant was produced from the application of 28.8 μM oryzalin for 24 hours in Faselis F1, though the plant died during 
acclimatization. In Karnaz F1, the highest number of tetraploid plants were obtained from the treatment of 43.2 μM oryzalin 
for 12 hours or of 28.8 μM oryzalin for 36 hours. The pollen viability and germination percentages of these plants were 76.80% 
and 22.50%, respectively.
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INTRODUCTION
Eggplant (Solanum melongena L.) is an economically 

important vegetable crop grown in various tropical and tem-
perate parts of the World (Asia and Africa) [1, 2]. The eth-
no-botanical history of eggplant is quite fascinating given its 
uses as food crop, medicine, and ornamental by Ancient (In-
dian) and Medieval (Arabic and European) civilization, and 
diverse beliefs surrounding its use including aphrodisi- acal 
properties and various effects [3]. The leading eggplant pro-
ducer countries in the World are China (27.79 million tons), 
India (12.41 million tons), Egypt (1.21 million tons), Turkey 
(824 thousand tons) and Iran (763 thousand tons) between 
2010-2014 [4].

However, eggplant is susceptible to numerous diseases 
and parasites, particularly bacterial wilt, Fusarium and Ver- 
ticillium wilts, nematodes and insects [5, 6]. It is reported 
that soil-born pathogens such as Fusarium, Verticillium and 
Meloidogyne spp. may cause significant yield loss in egg- 
plant; and in the soils contaminated with R. Solanacearum 
this loss can be in the range of 50-100% [7, 8]. S. torvum 
has been identified to carry traits of resistance to the most 
important diseases such as Fusarium oxysporum, Verticilli-
um, root-knot nematode and bacterial wilts of eggplant [9, 8, 
10]. Different studies have been carried out by using cross-
ing and somatic hybridization methods in order to transfer 
these desirable traits from S. torvum to S. melongena. To our 
knowledge, however, since the interspecific hybrids pro-
duced from hybridization of these two species are generally 
infertile, satisfactory results have not been obtained from the 
studies carried out so far [11, 12, 13].

Various approaches can be applied to overcome this 
hybridization barrier. For example, tetraploid plants can be 
obtained by applying antimitotic agents to S. torvum and S. 
melongena. It may be possible to produce fertile interspe- 
cific plants when these fertile tetraploid plants are hybrid- 
ized. As a second approach, by chromosomal doubling of 
S. melongena cultivars and of infertile diploid interspecific 
genotypes obtained from crossing of S. melongena and S. 
torvum, it may be possible to achieve fertile polyploid plants 
that can be crossed to produce interspecific tetraploid proge-
nies. As a result of different studies, it has been reported that 
sexual compatibility was provided when the tetraploid pota-
to that have been produced by chromosome doubling of wild 
diploid potato genotypes, crossed with cultivated tetraploid 
potatoes belonging to Solanum [14]. Ramanna and Hermsen 
1981 [15] have produced fertile tetraploid plants by chro-
mosomal doubling of sterile interspecific hybrid genotypes 
which were obtained by hybridization of tuberous diploid 
S. pinnatisectum and non-tuberous diploid S. etuberosum. 
Afterwards, fertile hexaploid genotypes were improved by 
hybridization of pollens of these tetraploid plants and tetra-
ploid S. acaule [16]. Plants with doubled chromosome set 
were achieved by applying 0.05% colchicine to shoot tips 
of the hybrids between S. melongena and S. macrocarpon 
[17] or S. melongena and S. integrifolium [18], under in vitro 
conditions. While pollen viability rates increased up to 70% 
in the amphidiploid plants obtained from the genotypes of 
S. melongena x S. integrifolium, the ratio increased up to 
40% from 0.86% when chromosome were doubled in plants 
which were occurred as a result of hybridization of S. melon-
gena and S. macrocarpon.
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In order to apply both of these approaches, first of all, 
it is necessary to produce tetraploid plants of S. melongena 
cultivars. Different mitotic agents such as colchicine, ory-
zalin, trifluralin or amiprofos-methyl were used for poly-
ploidization [19]. Initially, antimitotic agents were used in 
vivo, but recently in vitro applications have become promi-
nent. Praça et al. [20] reported that they obtained tetraploid 
plants by 11.11% when they applied 8 mM colchicine to 
the shoot tips of tomato (Solanum lycopersicum L.) for 96 
hours in liquid medium. The tomatillo (Physalis ixocarpa 
Brot.) seeds were germinated on the colchicine concentra-
tions ranged between 0.04 and 0.20% for 24 hours, and best 
results (67% and 65%) were achieved from the application 
of 0.12 and 0.16% colchicine [21].

The tetraploid plants produced by using antimitotic 
agents in S. melongena cultivar can also be used for culti- 
vation and in breeding program. Because, the polyploid 
plants have superior morphological changes, genetic adap- 
tation and tolerance to environmental stresses, compared to 
diploids [22, 23, 24]. Osborn et al. [25] declared that poly- 
ploidy plants had a high level of gene expression compared 
to diploids. On the other hand, polyploid plants can exhibit 
several physical properties (drought stress or disease resis- 
tance) and cultivation characteristics (flowering, post-har- 
vest quality, etc.) that are important for commercial success 
in horticulture and agriculture crops production [26, 27, 24]. 
The applications of mitotic polyploidization are currently 
used in plant breeding, since it has been demonstrated to 
create valuable morphological and physiological changes in 
plants [28, 29]. Kulkarni and Borse [30] achieved tetraploid 
plants having vigorous root by applying colchicine in pepper 
(Capsicum annuum cv. GVC-111).

The objective of this study is to investigate the effects of 
different exposure times and of concentrations of oryzalin or 
colchicine that were applied in the in vitro liquid medium on 
the tetraploid plant production in eggplant cultivars, Karnaz 
F1 and Faselis F1.

MATERIALS AND METHODS
Materials
This study was carried out in a heated glasshouse and 

laboratories, at Mustafa Kemal University, Faculty of Ag- 
riculture, Department of Horticulture, in Turkey. The seeds 
of eggplant cultivars, Karnaz F1 (Bursa Seed) and Faselis 
F1 (De Ruiter Seeds, Netherlands) were used in the study.

Methods
The seeds were shaken in a magnetic stirrer for 20 min- 

utes in a solution containing 2 drops of Tween 20 and 1% 
sodium hypochlorite in 100 ml. Then, these seeds were ger- 
minated and the plantlets were grown in vitro on the MS [31] 
medium. Colchicine and oryzalin were applied as described 
below to produce fertile polyploid (tetraploid) plants.

Colchicine and Oryzalin Application
In the study, 2.5 or 3.75 mM of colchicine for 8, 16 or 

32 hours; and 28.8 or 43.2 µM of oryzalin for 12, 24 or 
36 hours were applied. Colchicine was filter sterilized and 
freshly prepared for each application and added to the media 
that autoclaved at 121°C for 15 min. Oryzalin was dissolved 
in DMSO in a laminar flow hood and added to the medium 
after autoclaving.

The stem buds and shoot tips of plants grown in vitro 
were cultivated in the liquid MS medium with 0.5 mg/l BA 
and 10 g/l sucrose and containing colchicine and oryzalin 

concentrations mentioned above. Sixty ml of this media and 
approximately 24 explants were added per jar. The explants 
were shaken at 100 rpm under light intensity of 20-30 μmol/ 
m2s over a 12/12 h (light/dark) photoperiod, and were placed 
on the regeneration medium without colchicine and oryzalin 
(Modified from Ali et al.) [18]. Then, the explants were 
rinsed 3 times with sterile distilled water, and transferred to 
sterile Petri dish (90 x 15 mm) with MS medium containing 
0.5 mg/l BA, 10 g/l sucrose and 8 g/l agar, and cultured at 
25 ± 1°C and 25-30 μmol/m2 light intensity (16 hours light, 
8 hours dark). The MS medium was used for rooting of the 
shoots. After 2-3 rounds of in vitro culture following  colchi-
cine and oryzalin application, sprouted explant (%), explant 
with shoot (%), plant with root (%), plant-forming explant 
(%), transplantable plant-forming explant (%), survival rate 
after transplantation (%) and number of tetraploid plant per 
explant were examined.

Plant Growing Conditions, Ploidy Determination 
and Pollen Fertility

Plants obtained by application of colchicine or oryzalin 
in in vitro conditions were planted in a 0.5 l pot and accli-
mated to the growth room conditions. The ploidy level of the 
regenerated plants was determined by flow cytometry using 
the Partec protocol with the DAPI kit (Sysmex-Partec, Cat. 
No. 05-5002) and the Partec protocol [32]. Then, tetraploid 
plants were transplanted to the plastic pots containing 16 l 
substrate (66% peat, 34% perlite) and grown in a glasshouse. 
The N: P2O5: K2O were applied at the rate of 13: 7: 18 kg/
da. The highest, lowest and average temperature and rela-
tive humidity values recorded in the glasshouse were 33.6, 
16.46, 24.73°C and 84.46, 30.97, 62.47%, respectively.

Pollen viability and germination ratios (%) of the tet- 
raploids were determined. Pollen viability was performed by 
using 1% 2,3,5 triphenyl tetrazolium chloride (TTC). Pol-
lens were germinated at 22-25 °C in glass Petri dishes (60 
x 15 mm) containing 5% sucrose, 50 mg/l boric acid and 
1% agar [33]. Pollens were examined under light microscope 
approximately 5 hours after they were incubated in the TTC 
and germination medium, and the viability and germination 
rate (%) were calculated.

Data Analysis
The experiments were designed and analyzed according 

to a completely randomized factorial design. In vitro studies 
were carried out with 4 replicates and 5 explants per repli-
cate. In order to determine pollen viability and germination, 
a total of 200 pollens were examined from each genotypes (4 
replicates and approximately 50 pollens per replicate). Be-
fore analysis of variance, arcsin transformation was applied 
to the percentage data. After 0.5 was added to numbers less 
than 10, square root transformation was applied. Data were 
analyzed by analysis of variance, and the means were com-
pared by Duncan test at 5%.

RESULTS AND DISCUSSION
There was no significant effect of colchicine concentra- 

tion and exposure time on percentages of sprouted explant, 
explant with shoot, plant-forming explant and survival rate 
after transplantation, and number of tetraploid plant per ex- 
plant in Faselis F1 cultivar (Table 1). Regarding the inter- 
action of colchicine concentration and exposure time, the 
greater rooted plant ratio were obtained by applications of 
2.5 mM colchicine for 8 or 16 hour, or of 3.75 mM colchi-
cine for 16 hours, in Faselis F1. The ratio of transplantable 
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plant-forming explant was higher when the 2.5 mM colchi-
cine applied, compared to 3.75 mM. In respect to exposure 
time, the higher ratio of transplantable plant-forming explant 
was achieved from 16 hours of exposure time, compared to 
that of 8 or 32 hours. While there were no tetraploid plant 
production from colchicine application in Faselis F1 in our 
study, it was shown that 11.11% tetraploid plants were ob-
tained when 8 mM colchicine was applied in liquidmedium 
for 96 hours to the shoot tips and stem buds of the tomato 

(Solanum lycopersicon) plant which belongs to the same 
family [20].

It was found that for Faselis F1 cultivar, the effect of 
exposure time and the oryzalin concentration were not 
significant in terms of the parameters such as sprouted 
explant, explant with shoot, transplantable plant-forming 
explant and number of tetraploid plant per explant (Table 2). 
The rooted plant rate (75.00%) and plant-forming explant 
ratio (67.36%) of the explants that were exposed to 43.2 μM 

Table 1. Data achieved from the in vitro application of colchicine to shoot tips and stem buds of the Faselis F1, in the 
liquid medium

Colchicine
concentration

(mM)

Exposure
time (h)

Sprouted 
explant (%)

Explant with 
shoot (%)

Plant with 
root (%)

Plant-forming 
explant (%)

Transplantable 
plant-forming 
explant (%)

Survival 
rate after 

transplantation 
(%)

Number of 
tetraploid 
plant per 
explant

2.5 8 88.75 88.75 88.75a 82.50 82.50 100.00 0.00

2.5 16 87.50 87.50 87.50a 87.50 87.50 100.00 0.00

2.5 32 95.00 85.00 67.50ab 62.50 56.25 91.67 0.00

3.75 8 83.33 77.08 54.17b 50.00 43.75 91.67 0.00

3.75 16 87.50 87.50 87.50a 81.25 81.25 75.00 0.00

3.75 32 80.42 69.17 69.17ab 57.92 51.67 66.67 0.00

LSD (%5) NS NS 6.70 NS NS NS NS

Colchicine concentration (mM)

2.5 90.42 87.08 81.25 77.50 75.42a 97.22 0.00

3.75 83.75 77.92 70.28 63.06 58.89b 77.78 0.00

LSD (%5) NS NS NS NS 13.64 NS NS

Exposure time (h)

8 86.04 82.92 71.46b 66.25 63.13b 95.83 0.00

16 87.50 87.50 87.50a 84.38 84.38a 87.50 0.00

32 87.71 77.08 68.33b 60.21 53.96b 79.17 0.00

LSD (%5) NS NS 14.09 NS 16.70 NS NS
LSD: Least Significant Difference
NS: Not significant
Means of each parameter followed by equal letters in the columns do not differ by Duncan test (P≤0.05)

Table 2. Data obtained from the in vitro application of oryzalin to shoot tips and stem buds of the Faselis F1, in the liquid 
medium

Oryzalin 
concentration 

(µM)

Exposure time 
(h)

Sprouted 
explant (%)

Explant with 
shoot (%)

Plant with 
root (%)

Plant- forming 
explant (%)

Transplantable plant-
forming explant (%)

Survival rate after 
transplantation (%)

Number of 
tetraploid plant 

per explant

28.8 12 87.50 87.50 54.17 47.92 47.92 75.00a 0.00

28.8 24 95.00 90.00 69.17 56.67 56.67 87.50a 0.13

28.8 36 70.00 65.00 47.50 42.50 42.50 100.00a 0.00

43.2 12 70.83 70.83 56.25 54.17 45.83 100.00a 0.00

43.2 24 93.75 87.50 87.50 81.25 66.67 25.00b 0.00

43.2 36 87.50 87.50 81.25 66.67 58.33 100.00a 0.00

LSD (%5) NS NS NS NS NS 11.51 NS

Oryzalin concentration (µM)

28.8 84.17 80.83 56.94b 49.03b 49.03 87.50 0.04

43.2 84.03 81.94 75.00a 67.36a 56.94 75.00 0.00

LSD (%5) NS NS 13.94 15.04 NS NS NS

Exposure time (h)

12 79.17 79.17 55.21 51.04 46.88 87.50a 0.00

24 94.38 88.75 78.33 68.96 61.67 56.25b 0.06

36 78.75 76.25 64.38 54.58 50.42 100.00a 0.00

LSD (%5) NS NS NS NS NS 24.18 NS
LSD: Least Significant Difference
NS: Not significant
Means of each parameter followed by equal letters in the columns do not differ by Duncan test (P≤0.05)
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oryzalin were higher than those of treated with 28.8 μM. With 
respect to interaction of oryzalin concentration and exposure 
time, the application of 43.2 μM oryzalin concentration for 
24 hours was found to be less effective than other treatments, 
regarding survival rate after transplantation. In this study, 
tetraploid plant production by chromosome doubling was 
only possible when the 28.8 μM oryzalin was applied for 
24 hours in Faselis F1. However, this application was not 
significant, compared to other treatments. It has been shown 
that the application of 28.8 μM oryzalin solution for 24 
hours to the apical buds of the potato plant, a member of the 
same family, was the most effective application for tetraploid 
plant production [34, 35]. Since the tetraploid plant that was 
produced by oryzalin application in Faselis F1 died during 
the acclimatization, the pollen viability and germination 
were not examined.

In Karnaz F1, it was found that the effect of exposure 
time and the concentration of colchicine were not signifi- 
cant in terms of the parameters studied except survival rate 
after transplantation (Table 3). Since the plants that have 
been obtained from the application of 2.5 mM colchicine for 
16 hours did not survive after transplantation to the pot, this 
application was grouped in a different statistical group than 
the other treatments. The average rate of contamination in 
the regeneration medium and in the rooting medium were 
36.25 and 25.69%, respectively.

There was no significant effect of oryzalin concentration 
and exposure time on percentages of sprouted explant, plant 
with root, transplantable plant-forming explant, and number 

of tetraploid plant per explant, in Karnaz F1 (Table 4). The 
ratio of explant with shoot (75.00%) that has been obtained 
from the concentration of 43.2 μM oryzalin was higher 
than the 28.8 μM oryzalin. The plant-forming explant ra-
tio (60.42%) in 24 hours application of oryzalin was higher 
than that of 12 and 36 hours. The effect of interaction of ory-
zalin concentration and exposure time on the survival rate 
after transplantation was significant. The lower survival rate 
after transplantation was obtained when 28.8 μM oryzalin 
was applied for 24 hours or 43.2 μM oryzalin concentration 
was applied for 36 hours, compared to other treatments. As 
a result; while no tetraploid plant was obtained from Karnaz 
F1 cultivar by colchicine application (Table 3), 4 tetraploid 
plants were produced from the application of 28.8 μM ory-
zalin for 36 hours or 43.2 μM oryzalin for 12 hours (Table 
4). Barandalla et al. [35] and Tome et al. [36] reported that 
they have obtained tetraploid potato plants by application 
of oryzalin (28.8 μM for 24 hours, or 10 to 50 μM for 24 
hours) to the shoot apices or nodal segments, but they have 
not produced tetraploid plants from the explants treated with 
colchicine (3.5, 5 or 6.5 mM for 72 hours).

The average pollen viability of tetraploid plants of Kar- 
naz F1 based on red, and pink or red stained pollen were 
57.25 and 76.80%, respectively (Table 5). Similar results 
(70-40%) were reported by Ali et al. [18] in S. melongena x 
S. integrifolium hybrid and Khan et al. [17] in S. melongena 
x S. macrocarpon hybrid. In our study, pollen germination 
rate of tetraploid plants of Karnaz F1 was 22.50%.

Table 3. Data achieved from the in vitro application of colchicine to shoot tips and stem buds of the Karnaz F1, in the liquid 
medium

Colchicine 
concentra-
tion (mM)

Exposure 
time (h)

Sprouted 
explant 

(%)

Explant 
with shoot 

(%)

Plant 
with 
root 
(%)

Plant- 
forming 

explant (%)

Transplantable 
plant-forming 
explant (%)

Survival rate 
after transplan-

tation (%)

Number of 
tetraploid 
plant per 
explant

2.5 8 62.92 57.92 51.67 32.08 32.08 100.00a 0.00

2.5 16 79.17 64.58 50.00 35.42 35.42 0.00b 0.00

2.5 32 69.17 57.92 45.42 30.83 30.83 100.00a 0.00

3.75 8 67.08 62.08 55.83 32.92 32.92 87.50a 0.00

3.75 16 64.58 64,.58 58.33 43.75 43.75 100.00a 0.00

3.75 32 81.25 68.75 33.33 27.08 27.08 100.00a 0.00

LSD 
(%5) NS NS NS NS NS 4.57 NS

Colchicine concentration (mM)

2.5 70.42 60.14 49.03 32.78 32.78 66.67b 0.00

3.75 70.97 65.14 49.17 34.58 34.58 95.83a 0.00

LSD 
(%5) NS NS NS NS NS 7.85 NS

Exposure time (h)

8 65.00 60.00 53.75 32.50 32.50 93.75a 0.00

16 71.88 64.58 54.17 39.58 39.58 50.00b 0.00

32 75.21 63.33 39.38 28.96 28.96 100.00a 0.00

LSD 
(%5) NS NS NS NS NS 9.61 NS

LSD: Least Significant Difference
NS: Not significant
Means of each parameter followed by equal letters in the columns do not differ by Duncan test (P≤0.05)
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CONCLUSION
In the Karnaz F1 and Faselis F1 eggplant cultivars, tetra- 

ploid plants were not obtained from colchicine applications. 
However, tetraploid plant was produced from the application 
of 28.8 μM oryzalin for 24 hours in Faselis F1, though the 
plant died during acclimatization. In Karnaz F1, tetraploid 
plants were obtained from the treatment of 43.2 μM oryzalin 
for 12 hours (3 plants) or of 28.8 μM oryzalin for 36 hours (1 
plants). The pollen viability and germination percentages of 
these plants were 76.80% and 22.50%, respectively.
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