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Abstract

Regeneration can be provided with in vitro techniques in carrot (Daucus carota L.), but the response to regeneration depends on a number
of factors, such as genotype, explant type, growth media, plant growth regulators and their concentrations. In the present study, Nanco and
Maestro seeds were germinated, then three different types of explants (cotyledon, hypocotyl, true leaf) cultured in Murashige & Skoog (MS)
media, supplemented with activated charcoal (1,0 g/l) and various doses of 2,4-Dichlorophenoxyacetic acid (2,4-D). Obtained results showed
that Nanco cultivar had responded much better to in vitro regeneration than Maestro. While explant types were evaluated, it was recorded that
hypocotyls and true leaves were more responsive than cotyledons. In terms of media, MS + 2,0 mg/l 2,4-D + 1,0 g/l activated charcoal was

found to be the most successful.
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INTRODUCTION

Carrot (Daucus carota L.) is a valuable plant variety and
important member of the Apiaceae family. The carrot plant,
which has a very high economic value, is among the biennial
vegetables consumed. Many species produce and accumu-
late vitamins, carotenoids and anthocyanins in their storage
roots [1], [2], [3] as well as carrot. Carrots are especially
rich in vitamin A and have carotene and anthocyanins [4].
Having important bioactive components makes carrot an im-
portant crop for human health. It also has the potential to be
used as a model plant in genetic studies [5], [6].

The tissue culture technique, which is a clonal propaga-
tion method, first provides sterilization of different plant tis-
sue parts (explants). Then, aseptic, artificial media are used
to culture and new tissue, plant or plant parts are tried to be
obtained in controlled and sterile conditions. Tissue culture
techniques can be used to develop new varieties, to create
genetic diversity and the protect plants valuable but difficult
to propagate.

The most commonly used plant growth regulators for
growth and morphogenesis in vitro cultures are auxins and
cytokinins which can be obtained both naturally and artifi-
cially. Different regenerations can be achieved by changing
the concentrations of auxin and cytokinin in media and using
different plant tissues. One of the most commonly used syn-
thetic auxins is 2,4-Dichlorophenoxyacetic acid (2,4-D) [7].

Activated charcoal has many uses on in vitro studies. It
is usually added to the media between 0.2 and 3.0%. It then
has many effects such as on microbial growth, callus and
protoplast cultures, haploid studies, rooting, shoot formation
and prolongation. It also has ability to inhibit the substances
preventing the growth in media [8].

In this study, 3 different explants (cotyledon, hypocotyl,
true leaf) from Nanco and Maestro carrot cultivars were used
for in vitro studies which was conducted to reveal the in vitro
regeneration effects of 2,4-D (1,0 mg/l and 2,0 mg/l) and
activated charcoal (1,0 g/1).

MATERIALS AND METHODS
The study was carried out in the Tissue Culture Labora-
tory of the Department of Horticulture, Faculty of Agricul-
ture, Akdeniz University.
Plant Material
Nanco and Maestro carrot seeds were used as plant ma-
terial.
Sterilization
Surface sterilization of seeds was carried out as down
stated:
i. Seeds were subjected to surface sterilization
with 15% sodium hypochlorite solution for 15

minutes,
ii. Then they were left in 70% alcohol for 15 sec-
onds.
iii.  Seeds were rinsed 3 times with sterile distilled
water.
After all these treatments, 15 seeds were cultured in pre-

pared jar.

Media Preparation

In present study Murashige & Skoog (MS) [9] basal me-
dium with no plant growth regulators was used for in vitro
seed germination.

For determining regeneration capabilities, 5 different nu-
trient media combinations, including control medium, were
tested as shown in Table 1. For media preparation Murashige
& Skoog (MS) basal medium was used. Media were sup-
plemented with different concentrations of 2,4-Dichlorophe-
noxy acetic acid (1,0 and 2,0 mg/1). Two other media (num-
ber IV and V) 1,0 g/l activated charcoal were also used. All
media, including control medium, were prepared with 30,0
g/l sucrose as a carbohydrate source and solidified by us-
ing 6,0 g/l agar. Media pH was adjusted to 5.8 using NaOH
and HCI solutions. The prepared media were autoclaved at
121°C and 1 atmosphere for 15 minutes.

Cultivation

Under sterile conditions, three types of explants (coty-
ledon, hypocotyl, true leaf) were taken from in vitro germi-
nated seedlings. Afterwards each pieces were inoculated in
each petri dishes containing prepared media.
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Incubation

The cultivated seeds were kept at 25 °C for 3 days at
constant dark conditions, and then transferred to the growth
room with 16/8 hours photoperiod and 3000 lux illumina-
tion at 24 + 2 °C. Cotyledon, hypocotyl and true leaf parts
of these in vitro obtained plants were taken as explants and
cultured in each prepared medium. And they also were kept
at same conditions as mentioned above.

Observations

Regeneration capabilities of three types of explants be-
long to two different genotypes were observed and recorded.

Table 1. The Nutrient Media Used in The Study

Media Basal 24-D | AC(g/l) | Sucrose | Agar (g/l)
Codes Media (mg/l) (g/l)
I* MS - - 30,0 6,0
1 MS 1,0 - 30,0 6,0
111 MS 2,0 - 30,0 6,0
v MS 1,0 1,0 30,0 6,0
A% MS 2,0 1,0 30,0 6,0
*Control medium; AC: Activated charcoal
RESULTS AND DISCUSSION

Carrot seeds of Nanco and Maestro were germinated.
Following the germination, three different explants (cotyle-
don, hypocotyl, true leaf) were taken from the plants. /n vitro
regeneration responds of different explants were recorded.

Seeds sown in MSO medium started to germinate at the
end of 3rd day in medium and formed plantlet (Fig. 1, Fig.
2).

Fig. 2. Developments of Maestro seeds

After plantlet formation, cotyledon, hypocotyl and true
leaf were taken and used as explants. Experimental results
revealed that there were differences among explants in terms
of responding to in vitro regeneration. All explants formed
the whole plant within forty days in media with no activated
charcoal but 2,4-D.

As reported by [10], direct organogenesis in the presence
of benzylaminopurine is encouraged within four weeks,
whereas organogenesis in the presence of 2,4-D can be de-
layed up to sixty days. Finding of present study about the ef-
fect of 2,4-D on in vitro regeneration is in agreement with it.

Concerning the cultivars and explant types, plantlets
were obtained from the hypocotyl explants in control medi-
um for cultivar Maestro, while plantlets were obtained from
hypocotyl and true leaf explants for cultivar Nanco (Fig. 3).

Fig. 3. The emerging developments in Medium number
I (control medium); Maestro a. Cotyledon, b. Hypocotyl, c.
True leaf; Nanco b’: Hypocotyl, ¢’: True leaf

Concerning the other media combinations; II (MS +
1,0 mg/1 2,4-D) and IIT (MS + 2,0 mg/1 2,4-D), all explants
formed callus for both cultivars. In media number II and III,
there was no activated charcoal but 2,4-D induced the callus
formation.

Regarding the medium no IV (1,0 mg/l 2,4-D + 1,0 g/l
activated charcoal) cotyledon explants provided callus for-
mation for Maestro cultivar, but there was no respond for
cultivar Nanco. On the other hand hypocotyl explants re-
sulted with plantlet formation for both cultivars. In addition
to these, Nanco cultivar had plantlet formation for true leaf
explants in medium IV (Fig. 4). As a matter of fact, 2,4-D,
which is considered as one of the most important auxins in
previous studies, has been stated as a promoter of callus for-
mation [10], [11], [12], [13], [14].

If we evaluate the medium no V (2,0 mg/12,4-D + 1,0 g/l
activated charcoal) plantlets were obtained from cotyledon
explants of Nanco, while there was no plantlet formation for
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Maestro’s cotyledon explants. On the other hand, in medium
V, hypocotyl explants of both cultivars provided well devel-
oped plantlets. Regarding true leaf explants in medium V,
while plantlets were obtained for cultivar Nanco, there was
only root formation for Maestro (Fig. 5).

Maestro

Fig. 4. The emerging developments in Medium number
IV; Maestro a. Cotyledon, b. Hypocotyl, c. True leaf; Nanco
a’: Cotyledon, b’: Hypocotyl, ¢’: True leaf

In Nanco, true leaf explants formed plants, while only
root formation was observed in Maestro. Activated char-
coal,which we observed as an inducer for regeneration, has
a beneficial effect on cell growth and development, as stated
in previous studies [8], [15].

In another previous study, it was reported that 2,4-D
was adsorbed 99.5% within 5 days of adding the activated
charcoal to the liquid medium [8], [16], clearly showing the
relation between activated charcoal and 2,4-D.

Fig. 5. The emerging developments in Medium number
V; Maestro a. Cotyledon, b. Hypocotyl, c. True leaf; Nanco
a’: Cotyledon, b’: Hypocotyl, ¢’: True leaf

CONCLUSION

In this study, seeds of two different carrot varieties were
sown under sterile and controlled conditions. The reactions
of cotyledon, hypocotyl and true leaf explants to various
media have been studied. Callus formation was observed in
media, not supplemented with activated charcoal. The re-
sponses of the hypocotyl explants were more favorable and
also developments of the other two types of explants were
recorded. It was observed that the use of activated charcoal
in the study effected plant regeneration positively. We be-
lieve that trying different concentrations of both 2,4-D and
activated charcoal can be useful for further carrot regenera-
tion studies.
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