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ABSTRACT

Anthers from two cultivars of barley (Hordeum vulgare L.), Chernigovski 5 and Dneprovski
435, were cultured on Ng liquid and semisolid agar media with three different levels of
2,4-D (2.0, 4.0 and 6.0 mg/litre) and 0.5 mg/litre kinetin. Significant results were obtained
for androgenic calli and embryoid production with increased 2,4-D level, especially in
liquid medium preconditioned with isolated earheads. Asa result, number of plantlets was
also high although not much difference was observed among media supplemented with
three levels of 2,4-D for the regeneration of green plantlets, Increased 2,4-D produced
more androgenic calli than embryoids. The plantlets regenerated were mostly
dihaploids (2n = 2x = 14) and ranged from 65.7% to 84.6% for both the cultivars.
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Androgenesis in vitro enables to produce ‘completely homozygous plants from
microspores of a heterozygous population in one step. For anther culture, families
Gramineae and Cruciferae generally require growth hormones, whereas plants of the family
Solanaceae do not necessarily need these for androgenic calli production [1]. For anther and
isolated microspore culture of cereals, three media are widely used: modified MS [2], N [3]
and potato II [4]. All three media contain combination of one auxin and one cytokinin at
low levels. Liquid media preconditioned with isolated ovaries empléyed for anther culture
havealso been supplemented with these hormones at low levels [5-7]. Use of 2,4-D at higher
levels up to 8 mg/litre in Ficoll media is reported by Marsolais and Kasha [8] with increased
androgenic response of barley anthers in culture.

In the investigation reported, combination of three levels of 2,4-D (2.0, 4.0 and 6.0
mg/litre) with 0.5 mg/litre kinetin was tested in semisolid agar and preconditioned liquid
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Ns media for anther culture of barley.
MATERIALS AND METHODS

Two barley cultivars were used for anther culture: Chernigovski 5 and Dneprovski 435.
The plants were raised in glasshouse with 16 h light and temperature range of 17-22°C.
Tillers were harvested soon after the emergence of flag leaf ligule and stored for 6-10 days
at 5 + 1°C with their base dipped in plain water. The spikes enclosed in leaf sheath were
surface sterilized with 70% ethanol before isolating anthers. After microscopic examination,
anthers from only such spikes were selected for culturing which had middle to late stage of
microspore development.

Three different levels of 2,4-D, viz. 2.0, 4.0 and 6.0 mg/litre and a constant quantity of
0.5 mg/litre kinetin were added to the N¢ basal medium in semisolid and liquid states. For
preparation of semisolid media different combination of hormones were incorporated with
100 mg/litre meso-inositol, 90 g/litre sucrose and 7.5 g/litre agar. In the liquid media, the
quantity of meso- inositol was increased to 1000 mg/litre and agar was not added but it was
preconditioned with isolated earheads at mature pollen stage by taking 5 earheads per 50
ml medium and incubated in dark at 26°C for 5 days.

For culturing, 60 mm diameter glass Petri dishes for agar media and 40 mm diameter
presterilized plastic Petri dishes for liquid media were employed. On agar media, 60 anthers
per dish and in liquid media, 30 anthers per dish were cultured. In order to minimize
variation within an earhead, anthers from a single floret were always distributed in media
with threelevels of 2,4- D. About 5800 (on an average 960) anthers per 2,4-Dlevel per cultivar
were cultured on agar media and 3400 (on an average 560) anthers per 2,4-D level per
cultivar in liquid medium. The cultured dishes were incubated in dark at 26°C for 28 to 35
days.

The induced calli and embryoids attaining a size of about 2-3 mm were transferred for
regeneration in MS medium [9] supplemented with 0.4 mg/litre benzyladenine (BA), 0.4
mg/litre indole-3-acetic (IAA), 20 g/litre sucrose, and 8 g/litre agar. The cultures were kept
under light (fluorescent, 5000 lux intensity) and dark cycle 16/8 h at 20-22°C.

For cytological analysis, root tips of regenerated plantlets were fixed in Carnoy’s
solution (1 : 3, acetic acid : ethanol) and stored in refrigerator at +5°C. Root tips stained with
Feulgen stain were squashed in 45% acetic acid (v/v).

RESULTS AND DISCUSSION

The effect of different levels of 2,4-D on the formation of androgenic structures
(embyroids + calli) and regeneration of plantlets from anther culture of two barley cultivars
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in agar and liquid media can be seen from the data presented in Table 1. There was gradual
increase in the number of androgenic structures with increase in the level of 2,4-D, but no
significant difference was found in the formation of green plants. Preconditioned liquid
medium was relatively more effective for in vitro androgenesis than the agar medium.
Amongst the two cultivars of barley, Chernigovski 5 showed more androgenic potentiality
in both liquid and agar media. There was not much difference in plantlet regeneration
potentiality of the androgenic structures induced at different levels of 2,4-D. This
regeneration capability was higher in Dneprovski 435 but the total plantlets produced were
more in Chernigovski 5 because of production of a higher number of androgenic structures.

Table 1. Effect of 2,4-D concentration (mg/litre) on the formation of androgenic structures (embryoids + calli)
and regeneration of plantlets in anther culture of two barley cultivars

Medium Androgenicstructures Plantlets per 100 Green plantlets per
per 100 cultured anthers cultured anthers 100 cultured anthers
20 40 6.0 20 4.0 6.0 20 4.0 6.0
Cv. Chernigovski 5
Semisolid 380" 464  464° 179 21® 251 255 278 299°
i : +1.52 +268 £222 1104 1190 +1.63 039  x067 +056
Liquid 156.0°  169.0° 253.0° 465 5220  e41® 461  436°  601°

+506 +566 +68 £277 1315 134 1087 +091 +1.06
Cv. Dneprovski 435

Semisolid 398*  487° 106 312* 353 808 116 218% 332°
+059 1091 +112 4053 +077 +098 +032 1061 +063
Liquid 5500 509 780> 2700 278 326 106" 352" 33¢%°

+288 +£363 1339 1202 +247 $220 040 +088 +071

a-b) Data at the 2,4-D levels denoted by the same letters not significantly different (P < 0.05).

Table 2 shows that more calli tend to form with the increased levels of 2,4-D, especially
inliquid medium where nearly 6 and 10 times increase was observed for cvs. Chernigovski
5 and Dneprovski 435, respectively. Although at lower levels of 2,4-D (2.0 mg/litre) less
androgenic structures were produced, but among them embryoids were more and the calli
produced were compact and embryogenic (Fig. 1: 1, 2). At higher level of 2,4-D (6.0
mg/litre), where higher production of androgenic structures was observed, the ratio of
embryoids declined sharply and many calli produced were loose and nonembryogenic (Fig.
1: 3, 4). These results are in agreement with earlier reports that higher level of 2,4-D induces
loose, nonembryogenic calli from anther culture in Ficoll media [8, 10].

Cytological analysis (Table 3) showed that the regenerated plantlets were mostly
dihaploids (2n = 2x = 14). Similar results have been obtained by other workers [11-14]. The
results obtained showed that the ploidy level of regenerated androgenic plants was
generally not affected by 2,4-D level in the medium. '
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Fig.1. Androgenic structures produced in two barley varieties the media containing 2.0 (1, 2)
and 6.0 mg/litre (3, 4) 2, 4-D.

Both the cultivars under
glasshouse conditions produced
96-98% microspores which were
capable of germinating into
fertile pollen grains. However, it
is necessary that the
microspores should switch on
from  gametophytic to
sporophytic pathway during
androgenesis if good results are
to be obtained. The present
study shows that addition of
2,4-D at higher level can be one
of the factors for changing the
pathway, since the number of
androgenic structures increases

Table 2. Total number and ratio of embryoids : calli per 100

cultured anthers of two barley cultivars at different
2,4-D concentrations (mg/litre)

Medium No. and ratio of embryoids : calli
20 4.0 6.0
Cv. Chernigovski 5
Semisolid 27.5:104 29.9:16.7 22.0:244
2.63:1) (1.81:1) (1:1.11)
Liquid 406:1153 345:1343  344:2185
(1:2.83) (1:3.89) (1:6.35)
Cv. Dneprovski 435
Semisolid 3.30:0.62 2.27:2.30 5.6:5.0
(529:1) (1.23:1) (1.12: 1)
Liquid 24.6:30.7 11.4:485 69:71.0

(1:1.26) (1:4.23) (1:10.2)
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to an appreciable degree while
‘regeneration of green plantlets is not
affected. To overcome this drawback,
the two-step culture system may be
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Table 3. Cytological analysis of the plantlets regenerated
from anther culture of two barley cultivars at
three concentrations of 2,4-D

Concen- Total Plantlets with different
employe"i The. anth?rs s.holﬂd be tration No. of ploidy levels (%)
cultured in medium with higher level of2,4D plantiets n 2n 4n other’
of 24-D for 10-15 days and then the (mg/litre) studied
level of hormone can be lowered.

Cv. Chemigovski 5
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