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Abstract—Crop improvement through genetic engineering
depends on effective and reproducible plant regeneration systems.
Immature embryos are the most widely used explant source for in
vitro regeneration in barley (Hordeum vulgare L.). However,
immature embryos require the continuous growth of donor plants and
the suitable stage for their culture is also certainly limited. On the
other hand, mature embryos can be procured and stored easily; they
can be studied throughout the year. In this study, an effective callus
induction and plant regeneration were aimed to develop from mature
embryos of different barley genotypes. The effect of medium (MSi
and MS»), auxin type (2,4-D, dicamba, picloram and 2,4,5-T) and
concentrations (2, 4, 6 mg/l) on callus formation and effect of
cytokinin type (TDZ, BAP) and concentrations (0.2, 0.5, 1.0 mg/l) on
green plant regeneration were evaluated in mature embryo culture of
barley. Callus and shoot formation was successful for all genotypes.
By depending on genotype, MS; is the best medium, 4 mg/l dicamba
is the best growth regulator in the callus induction and MS; is the best
medium, 1 mg/l BAP is the best growth regulator in the shoot
formation were determined.
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[. INTRODUCTION

ENETIC studies done by gene transfer methods and other

biotechnical developments in cereals are based on
creating an effective and repeatable plant regeneration system.
However, dependency on genotype, low regeneration
frequency, albinism and low fertility rate in regenerative
plants are still significant problems in plant regeneration
systems [1]

One of the tissue culture applications used in crop
improvement is embryo culture applications. Plant
regeneration systems can be created with effective and
repeatable embryo culture methods. Thus, gene transfer can be
performed through Agrobacterium tumefaciens or by particle
bombardment to the cultured plant cells or tissues; then,
transgenic plants carrying the transferred gene can be
obtained.

In most of the embryo culture studies done in the previous
years, matured embryo in recalcitrant plants such as monocot
species are reported as the best explant sources when
evaluated in terms of regeneration [2]. Nowadays, explants
used for plant regeneration are re-evaluated and studies are
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carried out with mature embryo [1], [3]. The use of mature
embryo offers remarkable advantages in comparison to the use
of immature embryo. Thus, there is no need to grow donor
plants in greenhouses under controlled environmental
conditions that require intense labor, time and space. The need
for vernalization, especially in winter species leads to extra
loss of time. Also, the desired amounts of seeds can be
obtained throughout the year and the effect of environmental
factors on tissue culture is eliminated [4]. Because of all these
reasons, mature embryo is considered as the advantageous
explant source of cereal tissue culture investigations.
However, low regeneration frequency of mature embryo
constitutes a major obstacle. Mechanical and chemical in vitro
techniques applied to mature embryo [1], the endosperm-
supported callus induction method [5], [6] are successfully
used to improve regeneration frequency.

This research was conducted with the purpose of creating
an effective callus from mature embryo of three barley
genotypes and developing a plant regeneration system

II. MATERIAL AND METHODS

In this study, Karatay-94, Biilbiil-89 genotypes and F,
generation seeds of Karatay-94xBiilbiil-89 hybrid obtained by
Selcuk University Faculty of Agriculture, Department of Field
Crops were used as plant material.

After the seeds were pre-sterilized for 2 minutes in ethanol
of 96%, they were left in 20% sodium hypochlorite (NaOCI)
solution including a few drops of Tween 20 (Sigma) for 20
minutes by being stirred and then, rinsed three times with a
sterile distilled water. The sterile seeds were kept in 4 °C
sterile water for 2 days after sterilization in order to separate
embryo from the seed without damaging by softening the
testa. Scutellum of removed embryo with the help of pliers on
sterile tiles and in a sterile cabinet were cultured as upwards in
100 x 20 mm petri dishes which have 30 ml nutrient medium
and there are 10 embryos in each petri containing 3 replicates
petri dishes and each replicate has 3 petri dishes.

In the experiment done with the purpose of determining
appropriate growth regulator (auxins) for callus induction,
mature embryo was cultured in medium called as MS;
(containing MS mineral salts, 200 mg/l myo-inositol, 0.5 mg/1
Thiamine, 500 mg/l casein hydrolyzate, 100 mg/l glutamine,
250 g/l proline, 30 mg/l sucrose, 8 gr/l agar) and MS,
(containing MS mineral salts, 200 mg/l myo-inositol, 1 mg/l
Thiamine, 1000 mg/l casein hydrolyzate, 500 g/l proline, 60
mg/l maltose, 8 gr/l agar) by being modified from MS [7]
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media including 2.4-D, dicamba, picloram, and 2.4.5-T auxins
separately in 2 mg/l concentration. Their development was
followed in growth cabinet under 24+2 °C, in the dark for 4
weeks; afterwards, the studies were continued in both media
(MS; and MS,) in three different concentrations (2, 4, 6 mg/1)
of two different auxins (dicamba and 2.4-D) that provided the
best results. Approximately 10 days after the culturing
process, shoots and roots formed in embryo that showed
germination as well as callus formation were removed;
therefore, callus formation was accelerated.

Calli in the callus induction media were transferred to MS;
media that contain each cytokine separately in (0.2-0.5 mg/l)
TDZ and (0.5-1 mg/l) BAP concentrations at the end of 4
weeks. They were cultured in growth cabinet (Sanyo: MLR-
351H) under 24 + 2°C temperature, 65% humidity, 5 LS light
intensity for 4 weeks in a way that it is 16/8 photoperiod time.
The all media were adjusted to pH 5.8 and autoclaved for 20
min at 121°C and 1.1 kg/cm? pressure.

In this study, callus formation percentage (%), callus weight
(mg/explant), shoot formation percentage (%) observations
were obtained. All experiments were arranged according to
factorial experiment designs in coincidence parcels and the
acquired data were analyzed by using MSTAT-C statistical
program. Significant differences were compared by LDS
multiple comparison test.

III. RESULTS AND DISCUSSION

A. Determination of the Auxin Type

With the purpose of determining suitable auxin type that
will provide callus induction in three different barley
genotypes, embryos were isolated from the seeds and cultured
in modified MS; and MS; media and in 4 different auxin types
(Dicamba, 2.4-D, 2.4.5-T, Picloram). In this experiment
conducted to select the best auxin type, callus formation
percentages (%) and callus weight (mg/explant) of the
genotypes were determined 4 weeks after the beginning of
culture.

Callus formation percentage; average values belonging to
the callus formation percentages of 4 different auxin types of
MS; and MS, media were given in Table I.

For each of the three genotypes, MS; medium was observed
to present better results in terms of callus formation
percentages with the values of Karatay-94 14.2%, Biilbiil-89
13.3% and KxB hybrids 14.6%.

In a study [8] cultured mature embryo of different barley
types, investigated the effect of media on callus formation and
determined that modified MS medium containing 0.5 g/l
proline and 0.5 g/l casein hydrolysates was the optimum
medium for all the genotypes. In a previous experiment [3]
cultured mature embryo of barley, oats, and triticale varieties,
used modified MS medium containing different growth
regulators (MS salts + B5 vitamins + 3% maltose + 1g/1 casein
hydrolysates + 0.7 g/l proline + 5 uM copper sulfate) and
obtained healthy calli.

In terms of callus formation, the best result among the
growth regulators were obtained in the medium containing

dicamba with the results 20% for Karatay-94 type, 18.3% for
Biilbiil-89, and 24.2% for KxB hybrid.

In a previous experiment [9] about a regeneration study
conducted by using immature embryo of barley varieties, it
was stated that dicamba provided better results compared with
others. Halamkova et al. [10] determined that dicamba was
more effective on callus formation in immature embryo of
barley and plant regeneration in comparison to 2.4-D. When
we look at the results of the experiment, it was seen that
dicamba provided better results in the genotypes we used and
these results are in accordance with the literature. Therefore,
in our study, dicamba growth regulator was used. However;
some researchers stated that 2.4-D is more effective than
dicamba. In a study [11] stated that in most of the barley
types, media containing 2.4-D, in comparison to dicamba and
picloram, has a better effect on callus formation and plant
regeneration and the best results were obtained in the media
containing 2,4-D. Ozgen et al. [12] succeeded in embryo
culture study conducted with different 15 barley genotypes
with using media contained 2,4-D.

Callus weight; average values of callus weight (mg/explant)
occurred in 4 different auxin types of MS; and MS; media
were given in Table II.

While MS; medium provides the best result with the values
14.5 mg/explant for Karatay-94 and 11.3 mg/explant for
Biilbiil-89, for KxB hybrid, MS; provided the best result with
the value of 18.7 mg/explant. Based on the results herein, in
the research conducted by [1], modified MS (MS, medium)
was used and therefore, in all the working genotypes, at the
rate of 25% and 55% callus was obtained and they stated that
this medium shortens the time for plant regeneration.
Therefore, in our study, media coded as MS; and MS; formed
by modifying the MS basic medium were used as media.

When we look at the callus weight of the growth regulators,
the best results for all genotypes were observed in the media
containing dicamba with the values of 12.9 mg/callus for
Karatay-94, 14.1 mg/explant for Biilbiil-89, 30.8 mg/explant
for KxB hybrid. When we look at the interaction of the media
x growth regulator, the best callus weight was obtained from
MS,; + Dicamba (17.5 mg/explant) for Karatay-94; MS; +
Dicamba (18.3 mg/explant) for Biilbiil-89, and MS, +
Dicamba (45.0 mg/explant) for KxB hybrid.

In an experiment by Ozgen et al. [12], the effects of hybrid
on callus weight through mature embryo culture of different
barley genotypes of parent and F; hybrids were studied and it
was determined that there was a positive effect of hybrid
strength on all characteristics except callus weight. In our
study, the highest callus weight was obtained from KxB
hybrid genotype (45.0 mg/explant). The positive effect of the
hybrid strength was observed. It was thought that this situation
may have resulted from the effect of the genotype difference.

By taking into consideration the healthy appearance of the
calli and the fact that the best result for all genotypes was
dicamba, different concentrations of dicamba were used in the
later stages of the experiment. As in various studies [1], [11],
it was stated that 2,4-D provided better results than dicamba,
2,4-D was also preferred as another auxin source in our study.
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Also, the effects of all the auxins on the embryo were
observed throughout the experiment. Picloram and 2.4.5-T
auxins could not prevent germination which is instinctual in
the embryo; on the contrary, long shoots and short pennate

rooting were occurred as well as low rate of callus formation
in both auxins. In the media containing dicamba and 2,4-D
auxins, this situation was not observed; germination ability of
the embryo was restricted.

TABLEI
CALLUS FORMATION OF DIFFERENT BARLEY GENOTYPES PERCENTAGES (%)
Genotypes Karatay-94 Biilbiil-89 KxB Hybrid
PGR (2 mg/l) MS, MS: Ort. MS: MS: Ort. MS; MS: Ort.
Dicamba 233 16.7 20.0a 20.0 16.7 18.3a 23.3a 25.0a 24.2a
Picloram 15.0 11.7 13.3b 11.7 10.0 10.8b 15.0b 10.0b 12.5b
2,4,5-T 11.7 11.6 11.7b 10.0 1.7 5.8¢ 6.7cd 0.0c 3.3¢
2,4-D 6.7 1.6 4.2¢ 11.7 133 12.5b 13.3b 3.3bc 8.3bc
Average 14.2a 10.4b 13.3a 10.4b 14.6a 9.6b
LSD.,,PGR: 4.553 LSD,,PGR: 4.553 LSLSZ“I(’/‘IE?ERS: ";‘_‘528 6
TABLE II
CALLUS WEIGHT OF DIFFERENT BARLEY GENOTYPES (MG/EXPLANT)
Genotypes Karatay-94 Biilbiil-89 KxB Hybrid
PGR (2 mg/l) MS: MS; Ort. MS: MS; Ort. MS: MS; Ort.
Dicamba 175a 8.4b 129a 183a 10.0 be 14.1a 16.7b 45.0a 30.8a
Picloram 10.7b 73b 9.0 be 8.4 be 8.3 be 83b 8.3 be 16.7b 12.5b
2,4,5-T 15.1a 7.4b 11.3 ab 73¢ 0.0d 36¢ 5.0 be 00c 25b
2,4-D 14.7a 0.0c 73¢ 11.1b 9.0 be 10.0b 10.0 be 13.3 be 11.7b
Average 145a 5.8b 113a 6.8b 10.0b 18.7a

LSDy, PGR: 2.781

LSDy, PGR: 2.579

LSDy,;Mx PGR: 3.932

LSDy,;M.x PGR: 3.647

LSD,, PGR: 10.04
LSD.,;M.x PGR: 14.19

B. Determination the Callus Induction Media

After determining that dicamba and 2,4-D were suitable
auxins, with the purpose of determining the most suitable
concentration and medium for callus induction, mature
embryos were cultured in MS; and MS; media containing 3
different concentrations of both auxins (2, 4, 6 mg/l) 4 weeks
after the initial culture, callus formation percentages (%) and
callus weights (mg/explant) of each of the three genotypes
were determined.

Callus formation percentage; average values belonging to
the callus formation percentages occurred in 3 different
concentrations of 2 different auxin types in MS; and MS,
media were given in Table III.

It was determined that MS; media provided a better result in
comparison to MS, media with the values 12.0% for Karatay-
94 and 19.4% for KxB hybrid. The different between MS; and
MS; media for Biilbiil-89 type was statistically insignificant.

In the species belonging to the Gramineae family, it is
known that the content of the media is one of the important
factors that affect the callus induction and plant regeneration
[9]. When reviewing the studies about the embryo culture,
many researchers modified [8], [13] the nutrient element
content of the media they used and tried to optimize the most
suitable media for the genotype they work on. Proline,
glutamine, casein hydrolysates and copper sulphate chemicals
added to the media in barley embryo culture were determined
to increase the regeneration capacity [14], [9], [1], [8]. Media
used in our study were modified based on these studies and
obtained positive results from them. In a study [13] cultured
the embryo of different wheat genotypes in three different

media, stated that media was effective in callus formation. In
our study, the result that the media which provides the best
result differs is in accordance with the results of the previous
studies done by the various researchers [8], [10], [15].

When evaluating the effect of growth regulators on callus
formation percentage, dicamba had the best results in Karatay-
94 and Biilbiil-89 varieties as 11.4% and 15.3%, respectively,
while 2,4-D had the best result in KxB hybrid as 20.7%.
Halamkova et al. [10] cultured the embryo of different barley
genotypes in the media containing different auxins and
reported that dicamba was more suitable in terms of callus
formation and regeneration in comparison to 2.4-D. In
contrast, [11] investigated the effect of three different auxins
(dicamba, picloram, 2.4-D) on callus promotion and later
regeneration capacity in different barley types, reported that
they obtained the highest average of callus formation in the
media containing 2.4-D in comparison to the media containing
dicamba and picloram. In a study with immature embryos of
three inbred rye lines [16], it was stated that there were
different effects of growth regulators on callus formation and
media contained 2,4-D is more important than media
contained dicamba and picloram.

When we look at the interaction of media x growth
regulator, the highest callus formation percentages for
Karatay-94; MS;+ dicamba (16.3%), for Biilbiil-89; MS;+
dicamba (16.2%), and for KxB hybrid; MS;+ dicamba (19.6a)
were in the same group statistically and were obtained from
MS,+ 2.4-D (22.2a%).

In a study [17] cultured mature barley embryo with
different growth regulators in 4 media whose nutrient element
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contents are different and according to the results of the
research, they stated that while the highest callus formation
was obtained from J25-8 medium containing 2 mg/l 2.4-D
with the value 75.5%, this value decreased to 35% in MS
medium containing 2.4-D in the same concentration; therefore,
the media and growth regulators were effective together. Our
research also shows that the interaction of media x growth
regulators effective. Therefore, it can be stated that effects of
the medium and growth regulators can change for each
genotype and this needs to be taken into consideration when
developing protocols.

When interpreting the interaction of growth regulator x
concentration, it was determined that the media containing 4
mg/l dicamba for Karatay-94 type, 4 mg/l 2.4-D for KxB
hybrid provided better results.

In [15] studying on wheat, barley, and triticale investigated
the effect of 3 mg/l concentrations and combinations (1 mg/l
picloram + 1 mg/l 2,4-D; 1.5 mg/l picloram + 1.5 mg/l
dicamba; 1.5 mg/l picloram +1.5 mg/l 2,4-D; 1.5 mg/l
dicamba+1.5 mg/l 2,4-D) of the three different auxin types
(2,4-D, dicamba, picloram) on callus formation and plant
regeneration. As a result of the research, they determined that
the suitable auxin type and concentration depend on the
genotype. In an experiment conducted in embryo culture study
of different 15 barley genotypes [12], media contained 3 mg/l
2.4-D had the best results. In a study [18] investigated the
effect of different 2,4-D concentrations for barley both on
callus formation and plant regeneration and reported that 10
mg/1 2,4-D showed a positive effect. In a previous experiment
[19] investigated the effect of different concentrations of 2.4-
D and dicamba for different barley genotypes on callus
formation and stated that 4 mg/l dicamba provided the best
result. In a study [20] cultured mature embryo of different
wheat genotypes in the media containing different dicamba
concentrations and stated that 4 mg/l dicamba provided the
best result. They recognized that the results were highly
affected by the genotype and dicamba concentration. As can
be understood from the studies, suitable auxin type and
concentration depend on the genotype, and our findings also
confirm these results.

Finally, when we look at the interaction of media x growth
regulator, the highest callus formation percentages were
obtained for Karatay-94 from MS; 2 mg/l dicamba (18.9%),
for Biilbiil-89 from MS; + 2 mg/l dicamba (18.8%), and for
KxB hybrid from MS; 4 mg/l + 2,4-D (30.0%).

Sharma et al. [1] cultured mature embryo of different barley
varieties in modified MS medium (MS,), experimented with
the different combinations of 2.4-D for callus formation, and
when we look at the callus formation percentages, they
obtained the best result from the medium containing 6 mg/l
2.4-D. Our study shows that the most suitable medium, growth
regulator, and concentration depend on the genotype. This
situation can be explained with the fact that genotype
difference is the determining characteristic and depending on
the genotype, this interaction can change. In a study [21] also
stated that the regeneration protocols shall be developed and
used for each genotype.

Callus weight; average values of callus weight occurred in
3 different concentrations of 2 different auxin types in MS;
and MS, media were given in Table IV.

MS; media provided the best results with the values 15.6
mg/explant for Karatay-94 type, 15.8 mg/explant for Biilbiil-
89 type, and 24.1 mg/explant for KxB hybrid.

In a study [20] cultured mature embryo of different wheat
genotypes in different nutrient media and reported that
nutrient media highly affected the callus weight.

When the growth regulators were compared to the each of
the genotypes, while dicamba provided the best results for
Karatay-94 type (15.6 mg/explant) and Biilbiil-89 type (22.1
mg/explant), 2.4-D provided the best result for KxB hybrid
(23.1 mg/explant).

In a previous experiment [22] investigated the effect of
different concentrations of 4 different auxin types; 2,4-D,
dicamba,  picloram, and 2-MCPP  [2-(2-methyl-4-
chlorophenol) propionic acid] for mature embryo of wheat on
callus weight. They determined that the effect of auxin type on
callus weight is important. Increase in picloram and dicamba
concentration increased the weight of the callus, in spite of
this, increase in 2,4-D concentration decreased the callus
weight. Contrary to this, [23] cultured mature embryo of
different corn genotypes in the media containing different
concentrations of 2.4-D, reported that callus weight changed
depending on the genotype and 2 mg/l and 4 mg/l
concentrations provided the best results.

When we look at the interaction of the medium x growth
regulator, the highest callus weight was obtained from MS; +
Dicamba (24.6 mg/explant) for Karatay-94; MS; + Dicamba
(28.0 mg/explant) for Biilbiil-89, and MS; + Dicamba (25.5
mg/explant) for KxB hybrid. When growth regulator x
concentration interaction was interpreted, 6 mg/l dicamba
(22.8 mg/explant) for Karatay-94 type, 6 mg/l dicamba (26.5
mg/explant) for Biilbiil-89 type, and 4 mg/l 2.4-D (23.3
mg/explant) concentrations were determined to provide the
best results.

Finally, when we look at the interaction of medium x
growth regulator, the highest callus weight was obtained from
MS; + 6 mg/l dicamba medium for all genotypes with the
values 39.1 mg/explant for Karatay-94 type, 46.3 mg/explant
for Biilbiil-89 type, and 30.0 mg/explant for KxB hybrid.
When these results were evaluated, the growth regulator that
affected our genotypes positively was dicamba, MS; medium
was the medium.

C.Determination the Shoot Induction Media

Calli obtained in callus promotion media were cultured in
MS medium containing one of the TDZ or BAP cytokines in
order to be able to promote shoot formation. As MS; medium
provided the best results generally in our study, we continued
only with MS; medium at this stage of our study. 4 weeks
after the beginning of culturing, the percentages of shoot
growth were calculated.

When Table V was examined, it was observed that the
growth regulator in the medium where the calli was taken was
highly effective in shoot formation. In calli taken from the
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media containing 4 mg/l 2,4-D and 4 mg/l dicamba, shoot
formation occurred at a higher rate. When we compared these
two growth regulators, in all genotypes for calli taken from the
media containing dicamba, shoot formation occurred at a
higher rate. In a study[24] cultured mature embryo of different
wheat varieties of Iraq origin, they determined that there was a
relationship between the callus weight and the number of

regenerative plant formed out of callus and reported that with
the increase of callus weight the ability to regenerate also
increases. In our study, when the highest callus weights are
evaluated in a general sense, they were obtained from the
media containing dicamba growth regulator, that is, our result
confirms the information.

TABLE IIL
CALLUS FORMATION OF DIFFERENT BARLEY GENOTYPES PERCENTAGES (%)
Karatay-94 Biilbiil-89 KxB Hybrid

PGR Concentration MS: MS: Ort. MS: MS: Ort. MS: MS: Ort.
2 18.9a 4.3gh 11.5a 18.8a 17.7a 18.3 1776 17.7b 17.7bc
Dicamba 4 16.6ab 8.8ef 12.7a 14.4ab 14.4ab 14.4 21.1b 10.0c 15.5bc
6 13.3bed 6.6fg 9.9a 15.5ab 11.1bc 13.3 20.0b 7.7¢ 13.8¢

Average 16.3a 6.6b 11.4a 16.2a 14.4a 15.3a 19.6a 19.2a 15.7b
2 0.0h 0.0h 0.0b 4.4d 14.4ab 9.4 20.0b  18.8b 19.4b

2,4-D 4 14.4bc 10.0def 12.2a 10.0bed 7.7cd 8.9 20.0b  30.0a 25.0a
6 8.8ef 11.1cde 10.0a 4.4d 15.5ab 10.0 1776 17.7b 17.7bc

Average 7.7b 7.0b 7.4b 6.3b 12.5a 9.4b 11.8b  222a 20.7a

LSD.,;;M.x PGR:2.528 LSDy,;M.x PGR:3.683
LD, PGRxC:3.096 LLS%J?/‘?RA%’; Gpgfg;g% LSD, PGRxC:4.511
LSD.,;M.xPGRxC:4.378 " LSD,,;M.xPGRxC:6.379
TABLE IV
CALLUS WEIGHT OF DIFFERENT BARLEY GENOTYPES (MG/EXPLANT)
Karatay-94 Biilbiil-89 KxB Hybrid
PGR Concentration MS: MS; Ort. MS; MS; Ort. MS; MS; Average

2 19.5b 7.2¢d 13.3b 28.9b 24.7b 26.8a 24.4bc 15.5¢ 20.0

Dicamba 4 15.3bc 8.0cd 11.6b 8.4cd 17.7bc 13.1b 22.2bed 18.9de 20.5
6 39.1a 6.6cd 22.8a 46.3a 6.6d 26.5a 30.0a 6.6f 18.3
Average 24.6a 7.3b 15.6a 28.0a 16.4b 22.1a 25.5a 13.7b 19.6b
2 0.0d 0.0d 0.0c 1.1d 6.2d 3.7¢ 23.3bed 22.2bed 227

2,4-D 4 14.1bc 7.7cd 10.9b 8.1cd 4.4d 6.2bc 20.0cde 26.6ab 233
6 6.0cd 19.6b 12.8b 1.6d 2.5d 2.1c 24.4bc 22.2bed 233
Average 6.6b 9.1b 8.2b 3.6¢c 4.4c 4.0b 22.6a 23.7a 23.1a

LSDy,M.x PGR:6.650
LSDy,sPGRxC:6.010
LSDy,;M.xPGRxC:11.52

LSDy, M.x PGR:6.144
LSD,, PGRxC:7.524
LSDy,;M.xPGRxC:10.64

LSDy,;M.x PGR:3.858
LSDysM.xPGRxC:4.931

There are great differences between the percentages of the
shoot formation and genotypes. While the highest shoot
formation rate among the genotypes occurred in KxB (13.3%)
hybrid, the lowest shoot formation rate was observed in
Biilbiil-89 (1.8%) type. This situation was thought to may
have resulted from the differences in regeneration capacities
of the genotypes.

When the research done on the embryo culture is examined,
in order to be able to provide shoot promotion from callus,
different researchers preferred different growth regulators and
combinations. In a study [1] cultured the mature embryo of
different barley genotypes, they investigated different
combinations of BAP and TDZ growth regulators for shoot
formation from calli and determined that lower rate of BAP
was highly effective. Shan et al. [25] investigated in vitro
regeneration in immature embryo of barley, they determined
that 1 mg/l TDZ increased degeneration and supported shoot
regeneration from callus. In a previous experiment [3] cultured
mature embryo of different barley varieties for shoot
formation in the media containing TDZ and/or BAP growth

regulators and the best results were obtained from the medium
containing 1 mg/l TDZ + 1 mg/l BAP for two-row barley
genotype and from the medium containing 1 mg/l TDZ + 2
mg/l BAP for six-row barley genotype. On the contrary, in a
study in order to determine the effects of growth regulators
(BAP and TDZ) on shoot formation of mature embryo culture
[26], there was no statistically significance of regeneration
media contained TDZ and BAP in 0.1 mg/l or 1 mg/l
concentrations on shoot formation. These results show the
importance of the genotype as well as growth regulator and
concentration in regeneration capacity.

IV. CoNCLUSION

Based on the findings obtained from the study, it is found
suitable to use 4 mg/l dicamba as the auxin type and
concentration for callus formation and 1 mg/l BAP as the
cytokine type and concentration for shoot formation in the
nutrient medium MS; although it changes depending on the
genotype. In this study in which embryo culture was formed
from mature embryo, important findings were obtained in
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terms of callus formation, callus weight, and shoot formation.
However, it is at a lower rate when compared to the studies in
which embryo the regeneration capacities of which are

TABLE V

immature were used. Therefore, it is thought to be beneficial
to conduct research to improve the regeneration capacity.

SHOOT FORMATION OF DIFFERENT BARLEY GENOTYPES PERCENTAGES (%)

Callus formation media

Shoot formation media

PGR Concentration (mg/l)  Control 0.2 mg/l TDZ 0.5 mg/l TDZ 0.5 mg/l BAP 1 mg/l BAP Average
Karatay-94
0.0d 0.0d 0.0d 0.0d 0.0d 0.0c
Dicamba 4 0.0d 13.3bc 13.3bc 20.0b 86.6a 26.7a
0.0d 0.0d 0.0d 0.0d 13.3bc 2.7¢
Average 0.0c 4.4bc 4.4bc 6.6b 33.3a 9.8a
2 0.0d 0.0d 0.0d 0.0d 0.0d 0.0c
2,4-D 4 0.0d 13.3bc 0.0d 20.0b 6.6cd 8.0b
6 0.0d 0.0d 0.0d 0.0d 0.0d 0.0c
Average 0.0c 4.4bc 0.0c 6.6b 2.2bc 2.7b
LSDy,;PGRxC:5.016
LSD.,PGRXS.N.:6.476
LSD,,PGRXCxS.N.:11.22
Biilbiil-89
2 0.0d 0.0d 0.0d 0.0d 0.0d 0.0
Dicamba 4 0.0d 0.0d 0.0d 13.3bc 26.6a 8.0
6 0.0d 0.0d 0.0d 0.0d 13.3bc 2.6
Average 0.0c 0.0c 0.0c 4.4bc 13.3a 3.5a
2 0.0d 0.0d 0.0d 0.0d 0.0d 0.0
2,4-D 4 0.0d 0.0d 0.0d 6.6cd 20.0ab 53
6 0.0d 0.0d 0.0d 0.0d 0.0d 0.0
Average 0.0c 0.0c 0.0c 2.2bc 6.6b 1.8b
LSD,,;PGRxS.N.:5.287
LSDy,;PGRXCxS.N.:9.158
KxB Hybrid
2 0.0e 0.0e 0.0e 0.0e 0.0e 0.0d
Dicamba 4 0.0e 20.0bc 20.0bc 26.6b 100.0a 33.3a
6 0.0e 0.0e 0.0e 13.3cd 20.0bc 6.6c
Average 0.0d 6.6¢ 6.6c 13.3b 40.0a 13.3a
2 0.0e 0.0e 0.0e 0.0e 0.0e 0.0d
2,4-D 4 0.0e 6.6de 6.6de 20.0bc 26.6b 12.0b
6 0.0e 0.0e 0.0e 0.0e 26.6b 5.3c
Average 0.0d 2.2cd 2.2cd 6.6c 17.7b 5.7b
LSD,,;PGRxC:5.016
LSD,,;PGRxS.N.:6.476
LSDy,PGRXCxS.N.:11.22
ACKNOWLEDGMENT [4] L.S. Dahleen, “Donor-plant environment effects on regeneration from
. . . o barley embryo derived callus”, Crop Sci., vol. 39, pp. 682-685, 1999.
This study was supported by Selcuk University Scientific [5] T. Bartok, F. Sagi, “A new endosperm supported callus induction
Research projects (Se]cuk University_BAp’ Konya_Turkey’ method for wheat (T. aestivum)”, Plant Cell Tissue Organ Cult., vol. 21,
Project Number: 13101015). The authors wish to thank BAP pp. 37-41, 1990, .
[6] T.He, J.F. Jia, “High frequency plant regeneration from mature embryo
staffs. explants of highland barley (Hordeum vulgare L. var. nudum Hk. f.)
under endosperm-supported culture”, Plant Cell Tiss Org Cult., vol.
95(2), pp. 251-254, 2008.
REFERENCES [7] T. Murashige, F. Skoog, “A revised medium for rapid growth and
[1] V. K. Sharma, R. Hansch, R. R. Mendel, J. Schulze, “Mature Embryo bioassays with tobacco tissue cultures”, Physiol. Plant, vol. 15, pp. 473-
Axis-Based High Frequency Somatic Embryogenesis and Plant 497, 1962.
Regeneration from Multiple Cultivars of Barley (Hordeum vulgare L.)”, [8] Y. Han, X. Jin, F. Wu, G. Zhang, 2011,” Genotypic Differences in
Journal of Experimental Botany, doi:10.1093/jxb/eri186, pp. 1913-1922, Callus Induction and Plant Regeneration from Mature Embryos of
2005. Barley (Hordeum vulgare L.)”, Journal of Zhejiang University-Science,
[2] A. Tidema, E. Truve, “Efficient regeneration of fertile barley plants from vol. 12(5), pp. 399-407, May 2011.
callus cultures of several Nordic cultivars.” Hereditas, vol. 140, pp. 171- [9] A. M. Castillo, B. Egafia, J. M. Sanz, L. Cistué¢, “Somatic

176, 2004.

[3] S. Ganeshan, S.V. Chodaparambil, M. Baga, D.B. Fowler, P. Hucl, B.G.
Rossnagel, R.N. Chibbar, “In vitro regeneration of cereals based on
multiple shoot induction from mature embryos in response to
thidiazuron”, Plant Cell Tiss. Org. Cult., vol. 85, pp. 63-73, 2006.

Embryogenesis and Plant Regeneration from Barley Cultivars Grown in
Spain”, Plant Cell Reports, vol. 17, pp. 902-906, 1998.

352



[10]

(1]

[12]

[13]

[14]

[15]

[1e]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

International Journal of Biological, Life and Agricultural Sciences
ISSN: 2415-6612
Vol:10, No:6, 2016

E. Halamkova, J. Vagera, L. Ohnoutkova, “Regeneration capacity of
calli derived from immature embryos in spring barley cultivars”, Biol.
Plant., vol. 48, pp. 313-316, 2004.

V. Serhantova, J. Ehrenbergerova, L. Ohnoutkova, “Callus induction
and regeneration efficiency of spring barley cultivars registered in the
Czech Republic”, Plant Soil Environ, vol. 50, pp. 456-462, 2004.

M. Ozgen, M.A. Birsin, S. Onde, “The effect of hybrid vigor on callus
induction and plant regeneration from mature embryo culture of barley
(Hordeum vulgare)”, Plant Cell Tiss Org Cult., vol. 82(1), pp. 67-74,
2005.

K. Haliloglu, P. S. Baenzinger, “Screening wheat genotypes for high
callus induction and regeneration capability from immature embryos
cultures”, J. Plant Biochemistry and Biotechnology, vol. 14, pp. 77-82,
2005.

L.S. Dahleen, “Improved plant regeneration from barley callus cultures
by increased copper levels”, Plant Cell Tiss. Org. Cult., vol. 43, pp. 267-
269, 1995.

A. Przetakiewicz, W. Orczyk, A. Nadolska-Orczyk, “The effect of auxin
on plant regeneration of wheat, barley and triticale”. Plant Cell Tiss.
Org. Cult., vol. 73, pp. 245-256, 2003.

J.C. Popelka, F. Altpeter, “Interactions between genotypes and culture
media components for improved in vitro response of rye (Secale cereale
L.) inbred lines”, Plant Cell Reports, vol. 20, pp. 575-582, 2001.

J.M. Zapata, B. Sabater, M. Martin, “Callus induction and in vitro
regeneration from barley mature embryos”. Biol Plant., vol. 48(3), pp.
473-476, 2004.

Z. Vitanova, V. Vitanov, A. Trifonova, D. Savova, A. Atanassov,
“Effect of 2,4-D precultivation on regeneration capacity of cultivated
barley”, Plant Cell Rep., vol. 14, pp. 437441, 1995.

A. Giirel, M. Tosun, I. Demir, “Bazi1 Makarnalik ve Ekmeklik Bugday
Genotiplerinin Anter Kiiltiiriine Reaksiyonlar1”, J. of AARI., vol. 2, pp.
98-111, 1993.

J. Ren, X. Wang, J. Yn, “Dicamba and sugar effect induction and plant
rejeneration from mature embryo culture of wheat”, Agricultural
sciences in china, vol. 9(1), pp. 31-37, 2010.

P. Bregitzer, L.S. Dahleen, R.D. Campbell, “Enhancement of plant
regeneration from callus of commercial barley cultivars”, Plant Cell
Rep., vol. 17(12), pp. 941-945, 1998.

M. G. Mendoza, H. F. Kaeppler, “Auxin and sugar effects on callus
induction and plant regeneration frequencies from mature embryos of
wheat (Triticum aestivum L.)”, In Vitro Cellular Developmental Biology,
vol. 38, pp. 39-45, 2002.

B. Cabuk, “Misirda (Zea mays L.) farkli 2,4-D dozlarinin kallus
olusumu ve kromozomal yapiya etkisi”, Ankara University,
Biotechnology Institute (Master thesis), 153 page, Ankara, 2010.

H. Ahmet, M. Adak, “Irak’ta yetistirilen bazi ekmeklil bugday
cesitlerinde kallus olusumu ve bitki rejenerasyonu”, Tarim Bilimler
Dergisi, vol. 133, pp. 285-292, 2007.

X. Y. Shan, D. S. Li, R. D. Qu, “Thidiazuron promotes in vitro
regeneration of wheat and barley”, In vitro Cell. Dev. Biol.-Plant, vol.
36, pp. 207-210, 2010.

M. Gubisova, D. Mihalik, J. Gubis, “Optimization of Barley Mature
Embryo Regeneration and Comparison with Immature Embryos of
Local Cultivars”, Nova Biotechnologica et Chimica, vol. 11(1), pp. 57-
62,2012.

353



