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Abstract

In order to improve regencration cfficiency embryos derived from immature sceds of BARI barley-6 were taken for this study. In this

case callus size, age and its fresh weight were considered. Embryos sizes were classified into four groups: 0.6-1.0 mm (A), 1.1-1.5 mm (B),

1.6-2.0 mm (C) and 2.1-2.5 mm (D), and cultured to semi-solid MS medium for callus induction. Five weeks old calli were transferred to

MS medium that contained 1.0 mg/l BAP + 150 mg/I L-glutamine, for regeneration. Results indicated that 1.6-2.0 mm size of embryos
produced the highest callusing (56.72%) and green plantles (42.16%), while small sized (0.6-1.0 mm) showed very poor (2.75%) callusing
and no regencration occurred. Calli werc divided into three age groups c.g. carly (1-3 wecks), medium (4-6 weeks) and prolonged age (7-12

wecks) and cultured to regencration medium. To observe the cffect of calli weight on regeneration, they were grouped into four categorics: I
(50-100 mg), II (101-150 mg), III (151-200 mg) and IV (>201 mg). The highest regencration and rooting were recorded when the age of
callus was 4-6 weeks and its weight range was 151-200 mg (III). The lowest regencration and rooting were found when 1-3 wecks old calli

were used and its average weight was 50-100 mg (I).
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Introduction

Barley (Hordeum vulgare .) is one of the important cereals
in the world and among the oldest domesticated crop (Jakob ez
al., 2014). Today, barley represents the fourth most abundant
cereal both in areca of cultivation and in grain output
(FAOSTAT, 2014). It is regarded as an inferior staple compared
to wheat and is considered as the poor people’s bread.
Economically, barley is a major commodity in many European
and North African countries (Elsayed, 2013).

In recent years, advances in plant biotechnology have opened
new avenues for crop improvement. The success of & vitro
development of plants relies on several factors which include an
efficient tissue culture system, for regeneration of plants from
cultured cells and tissues (Khatun e 4/ 2012; Kumar ¢ 4,
2009). Successful callus induction and regeneration has been
dependent of using efficient explants and  different pre-
treatments factors that are also influencing somatic and gametic
embryogenesis in many cereal crops (Farshadfar ez 4., 2014;
Hussein ez al,, 2003; Islam and Tuteja, 2012; Rakshit ez 4Z,
2010). However, regeneration ability is strongly affected by
several factors such as genotypes, developmental stages and
composition of culture medium and type of explants (GubiSova
et al., 2012; Haque and Islam, 2014; Siddique ez 4/, 2014).
Different explants are used for efficient callus induction and its
subsequent regeneration e.g; immature embryos (Chang et 4,
2003), immature inflorescence (Havrlentova et al, 2001),
mature embryo (Abumhadi ez 4/, 2005). Age of callus and

embryo size are also playing an important role on regeneration as
reported by Saad ez al. (2004), Senarath (2007) and Islam
(2010).

As far as we know there is no report on plant regeneration
using age groups of callus and immature embryo sizes for
developing i vitro somatic embryogenesis on barley. Under this
study, using embryos size derived immature seeds, callus age and
their weight have been considered for improving regeneration
systems in barley, for advance biotechnological research.

Materials and methods

Plant material

Healthy and mature viable seeds of BARI barley-6 were
collected from Bangladesh Agricultural Research Institute
(BARI), Gazipur, Bangladesh. In order to obtain immature
embryos, seeds were grown in the experimental field of
Institute of Biological Sciences, University of Rajshahi. Spikes
were harvested from main tillers of post anthesis levels from
field grown plants and immature embryos were separated
carefully from 14 days of old spikes.

Sterilization of seeds

Seeds were surface sterilized with 70% ethanol for 2
minutes and rinsed 4-S times with sterile distilled water.
Then seeds were treated with 5% sodium hypochlorite for 30
minutes and washed with sterile distilled water S-6 times
under laminar air-flow cabinet. Immature embryos were
aseptically isolated from the immature seeds with a sterile

scalpel.
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Embryo size effects on callus induction and regeneration

The effect of the size of embryos: (A) 0.6-1.0 mm, (B) 1.1-
1.5 mm, (C) 1.6-20 mm and (D) 2.1-2.5 mm, on callus
induction and plant regeneration was studied for immature
embryos derived from seeds. The embryos of each size were
cultured on MS (Murashige and Skoog, 1962) medium
supplemented with 2.0 mg/l 2, 4-D, 200 mg/] L-glutamine
and incubated in dark chamber at 25 + 2 °C. The pH of the
medium was adjusted at 5.6-5.8. When the calli ages were
around four weeks old, they were transferred to regeneration
medium (MS + 1.0 mg/l BAP + 150 mg/I L-glutamine) and
cultured under low light conditions at 25 + 2 °C together
with 14/10 hrs (light/dark) photoperiods. Data on callusing
was recorded after four weeks of immature seeds inoculation
and regeneration frequency was recorded after eight weeks of
culture, respectively.

Effects of callus age and weight on regeneration

To observe regeneration efficiency of callus age and its
fresh weight calli were divided into three age groups: carly (1-
3 wecks), medium (4-6 weeks) and prolonged duration (7-12
weeks). After callus initiation, they were cultured to the same
medium for regeneration (MS + 1.0 mg/IBAP + 150 mg/I L-
glutamine). When the calli ages were around five weeks old,
the calli were individually weighted and grouped into four
categories: 1 (50-100 mg), II (101-150 mg), ITI (151-200 mg)
and IV (>201 mg). Each callus were weighted individually
and for each group around 25-75 numbers of callus were
taken. Five weeks old calli were considered for callus weight.
Then cultures were incubated around twelve weeks at 25 + 1
°C with a 16/8 hr (light/dark) photoperiod, for callus

induction.

Rooting and acclimatization of regenerated plants

Regenerated shoots were transferred to GM (Islam, 2000)
medium supplemented with 1.0 mg/l TAA and 20 g/l sucrose.
For rooting, 3 g/l phytagel were used as gelling agent. Well
rooted plantlets were transferred to pots that contained peat
moss and soil (1:1). To evaluate the root formation, average
number of roots per plants were recorded and calculated.

Datarecording and statistical analysis

For each treatment, three replications were evaluated and
each experiment was repeated three times. Statistical analysis
of the data was performed by SPSS software (version 16). A
one-way analysis of variance (ANOVA) was done to evaluate
the effect of callus age and weight on regeneration. Within
the treatment groups, the differences among means were
compared by Duncan’s multiple range tests (DMRT).

Results and discussions

In this study, the effects of callus age, fresh weight of callus
and their interactions on regeneration and rooting traits were
tested. Stages of callus development and their subsequent
regeneration are illustrated in Fig; 1.

Effects of embryo size on callus induction and regeneration
To observe the effect of the size of embryos upon
regeneration, immature embryos derived from seeds were

classified into four groups and recorded data were shown in Fig,
2. It was observed that the size of 1.6-2.0 mm (C) showed
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Fig. 1. Stages of callus development and regeneration from immature
embryos in barley. (A) Callus initiation after 3 weeks of culture. (B)
Callus after 1-3 weeks of callus initiation. (C) Callus after 4-6 weeks of
callus initiation. (D) Callus after 7-12 weeks of callus initiation. (E)
Callus with green structures. (F) Development of shoots. (G)
Regenerated plants with good root and shoots.
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Fig. 2. Comparison of callus induction and regeneration among the
different sizes of immature embryos (P < 0.05); A = 0.6-1.0 mm, B =
1.1-1.5mm, C = 1.6-2.0,D =2.1-2.5 mm size of embryos

significantly the highest percentage of callus induction as well as
plant regeneration. The highest frequencies were recorded as
56.83% and 42.31% for callus induction and plant regeneration
respectively, when 1620 mm (C) embryo size was used,
whereas 0.6-1.0 mm in length showed less (2.85 + 0.56) callus
induction and no regeneration was found. It was observed that
when the embryo size was 2.1-2.5 mm regeneration decreased.
The present results on the influence of embryo size on callus
induction and regeneration agreed well with the findings of
Senarath (2007), Jakubekovd et al. (2011). Senarath (2007)
mentioned that embryos of 1.6-2.0 mm showed the highest
ability to produce callus capable of regenerating green plants. The
percentage of primary and embryogenic callus formed from
immature embryos of 3-4 mm was lower than that formed from
1-2 mm long embryos in maize (Jakubekova ez al. 2011). This
was probably due to a reduction in the meristematic activity of
cells once with ageing, suggesting that the physiological and
developmental state of immature embryos is important in
determining callus initiation response. Bohorova ez al. (1995)
reported that maize embryo less than 0.5 mm in length did not
showed any plant regeneration. Similar types of resules were
found by Lu ez /. (1983) when they used embryo size less than 1
mm in maize. Whereas, barley embryos (0.5 mm to 2.0 mm) and
(0.7 mm to 1.77 mm) in length produced rapidly growing callus
with high frequency of plant regeneration (Dale and
Dcarnbrogio, 1979; Hanzel ez al., 1985). However, it differs from
the observation of Islam (2010), where more green plantlets were
produced from large (>2.0 - 3.0 mm) embryos in the case of
wheat anther culture, which is different than the findings within
the present results. Indra and Krishnaveni (2009) observed that
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Table 1. Effect of age and fresh weight of callus derived from immature embryos on plant regeneration and rooting

Fresh weight Age of No. of callus - Mean of percentage + S.E :
of callus (mg) callus (weeks) Regeneration Rooting
S 1-3 25 5.33+£1.33 4.0 +£2.30
(50-100) 4-6 25 22.66 +3.52 18.66 + 3.52

7-12 25 9.33 £2.66 6.66 +1.33
Group-II 1-3 75 10.22 + 1.60 8.00 + 1.53
(101-150) 4-6 75 32.88 £2.70 2444+ 270

7-12 75 13.77 £ 1.93 10.22 + 1.60
el 1-3 75 21.77 £ 2.47 17.33 +2.30

4-6 75 62.66 +4.28 53.77 £3.20
(151-200)

7-12 75 34.22 +3.47 23.55 +3.11

1-3 50 15.33 £ 1.76 11.33 £ 0.66
Group-IV (201>) 4-6 50 45.33 +4.05 34.0 +£3.05

7-12 50 18.0 £2.30 140+ 1.15

Table 2. ANOVA for the effect of age and fresh weight of callus on plant regeneration and rooting
. Regeneration Rooting

Source of Variation df M5 Trvalne MS Fvalne
Callus weight 3 1205.84 65.31** 797.597 48.503**
Callus age 2 2571.07 139.26** 1795.33 109.176**
Callus age x weight 6 88.40 4.78* 83.624 5.085*
Error 24 18.46 16.444

“Significancat P < 0.01

0.8 - 1.4 mm size of embryos yielded more embryogenic calli in
sorghum. Gugsa and Kumlehn (2011) demonstrated
intermediate sized (0.2-0.35 mm) embryos of tef (Eragrostis tef)
produced significantly more root and shoots than the small (0.1 -
0.2 mm) or large (0.35 - 0.75 mm) ones.

Effect of age and fresh weight of callus on shoots and roots
development

In the current experiment it was observed that the fresh
weight 151-200 mg (III) of callus showed significantly the
highest percentage of green plantdets and roots (Table 1).
Whereas small 50-100 mg (I) and large (>201 mg) (IV) weight
showed less regeneration and roots. Moreover, when the calli
were transferred to regeneration medium within 4-6 weeks
(medium age), they showed significantly a higher percentage of

cen plantlets along with good shoots and roots. But when carly
%—3 weeks) and prolonged aged (7-12 weeks) calli were
transferred to regeneration medium, plant regeneration
decreased. Among the different callus ages and fresh weights, the
callus weight of 151- 200 mg (III) and the callus age of 4-6 wecks
(medium age) showed better regencration (62.66 %) and rooting
(53.77%).

The effects of callus age, fresh weight of callus and their
interactions on regeneration and rooting were tested at P<0.01
level of significance by F-test (Table 2) and were found to be
highly significant.

Generally, calli with carlier ages have more totipotency as
compared to old ages calli, as reported by Rashid ez 4/. (1994).
Quainoo (2011) demonstrated that somatic embryos induced
from callus tissues aged between 4-8 wecks showed no viral
infection in cocoa shoots, but the virus infected the somatic
embryos induced from older callus tissues. In this study, it was
observed that the best age group for regeneration as well as
rooting was that of 3-4 weeks. One to two weeks old calli was
cither too small or fragile that they cannot survive, so their
regeneration and rooting frequency is lesser (Raja ez 4l 2009).
On the other hand, 5-6 weeks old callus has lost their

regeneration and rooting ability, possible due to repeated cell

divisions. Therefore, it was clearly demonstrated that medium
age of callus transferred into regeneration medium within 4-6
weeks was more efficient for plant regeneration in comparison
with earlier ages (1-3 weeks) or prolonged culture (7-12 weeks).
Similar type of result was reported for wheat by Raja ez /. (2009),
who observed that the best age for regeneration was between 22
to 30 days old calli. Similarly, Islam (2010) reported that an early
transfer of embryos into the regeneration medium, within three -
five wecks, was more efficient for regeneration of green plantlets
in comparison to prolonged culture (6-8 weeks) in wheat anther
culture.

It was also found that the fresh weight of callus influenced
the regeneration cfficiency. Callus weight of 151-200 mg (I1I)
yielded more plantlets than other fresh weights of the same age
calli. Furthermore, the roots of the plants were strong and
healthy when 151-200 mg (III) weight and the 4-6 weeks
(medium age) old callus was cultured. Therefore, the registered
data proved that callus age and fresh weight are important factors
for the production of increased plantlets and roots in barley.

Conclusions

The successes of 772 vitro development of plants derived from
different organs are dependents on several factors such as
explants sources, callus quality, shape, size, age of embryos, media,
growth regulators etc. Considering age groups of callus and
embryo sizes derived from seeds, till day there are no successtul
reports on barley. Under this study it was successfully developed a
suitable protocol on regeneration. Embryos size, callus age and
their weight were evaluated for improving regeneration
efficiency, with important and helpful data for biotechnological
research in barley and other cereal crops. Under this study, the
highest callusing and most green plants were obtained when 1.6-
2.0 mm size of embryos were used. Out of the four aged groups,
4-6 weeks old calli, and when its weight range was 151-200 mg
showed better performance on green plant regeneration. From
these findings it may be concluded that for a good batley
regeneration, callus size, age and its fresh weights are important
factors for increasing green plandets aswellas root dcvcloprnent.
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