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ABSTRACT

The aim of the re search was to as sess the androgenic po ten tial of 21 Pol ish cultivars of spring and win ter bar ley. 
On av er age, a few green plants de vel oped per 100 an thers. Cold pre treat ment proved con du cive to the for ma tion of 
em bryos/calli, while mannitol pre treat ment fa voured green plant de vel op ment. The first em bryos/calli formed on
the in duc tion me dium de vel oped most ef fi ciently. The au thors chose FHG me dium sup ple mented with 1 mg/l BAP 
and 0.2 mg/l 2,4-D (in duc tion of androgenesis) and FHG me dium sup ple mented with 0.4 mg/l BAP and 3%
maltose (plant development).
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INTRODUCTION

The lon gest phase in breed ing a new cultivar is the se lec tion in seg re gat ing pop u -
la tions. Us ing hap loids, homo zy gotes can be ob tained in one gen er a tion, which
means short en ing the time needed for breed ing by a few years. In ce re als, hap loids
are pro duced in in vi tro cul tures of an thers or micro spores and by chro mo some
elim i na tion in wide crosses.

The ear li est method of ob tain ing bar ley hap loids, which was first used 30 years
ago, con sisted in cross ing cul ti vated forms with Hordeum bulbosum, fol lowed by
spon ta ne ous elim i na tion of wild spe cies chro mo somes dur ing the de vel op ment of
a hy brid em bryo in vi tro (Kasha and Kao 1970). The meth ods of in duc ing bar ley
androgenesis in an ther cul ture (Clap ham 1971, 1973) and microspore cul ture
(Sunderland and Xu 1982), in tro duced slightly later, have been con stantly im -
proved. Now a days, there are a few dozen new bar ley cultivars pro duced by us ing
hap loids ob tained from cross ing bar ley with Hordeum bulbosum; there have also
ap peared cultivars formed by us ing androgenic hap loids ob tained in an ther cul ture.
So far, there has been no Pol ish bar ley cultivar bred with the use of hap loids, al -
though the In sti tute of Plant Ge net ics (Pol ish Acad emy of Sci ences) has sup plied
plant breed ing sta tions with many homozygotic lines ob tained by the bulbosum
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tech nique (Adamski et al. 1995). Some of dou bled hap loids (DH lines) have been
un der go ing pre lim i nary and state tri als.

So far, re search on im prove ment of bar ley an ther and microspore cul ture has
been con ducted in Po land mostly on for eign model cultivars (Szarejko 1991,
Oleszczuk and Zimny 2001) as well as on sev eral Pol ish cultivars (Karska 2001).

The aim of our ex per i ments was to ex am ine the androgenic po ten tial in in vi tro
an ther cul ture of Pol ish bar ley cultivars and to com pare their re sponse to cer tain
cul ture fac tors, such as pre treat ment, me dium, the kind and level of plant growth
reg u la tors.

MATERIAL AND METHODS

The re search was car ried on 11 spring Pol ish bar ley cultivars (Atol, Mobek, Orlik,
Polo, Rabel, Rambo, Razbet, Rataj, Rodos, Rudzik, Start) and 5 win ter ones (Gil,
Gregor, Horus, Kos, Kroton). For eign win ter cultivar Igri and spring cultivar Gimpel
were also tested for com par i son (ex per i ment 1). In the fol low ing year, sep a rate tests
were made on 5 new spring cultivars: Gwarek, Poldek, Rastik, Sezam, and Stra tus
(ex per i ment 2).

Seeds of the Pol ish cultivars were ob tained from breed ers and do nor plants were
field grown. The cul ture in volved spikes with an thers con tain ing micro spores in the
mid- or late-uninucleate stage. The ma te rial in the ex per i ment 1 was pretreated in two 
ways: A) pretreating spikes at 4°C for 28 days (Huang and Sunderland 1982): 5–7
spikes were placed in one part of a two-com part ment Petri dish (9 cm); the other part
was filled with 1 ml of ster ile wa ter, and the dish was sealed with Parafilm to pre vent
the spikes from dry ing. B) pretreating an thers in 0.3 M mannitol so lu tion (Rob -
erts-Oehlschlager and Dunwell 1990): 30–60 an thers iso lated from a spike were
placed in a dish (3 cm) con tain ing 1.5 ml of mannitol so lu tion, then left in the dark at
25°C for 4 days. In or der to in duce androgenesis, two me dia were used: JL
(Jähne-Gärtner and Lörz 1999) and FHG (Hunter 1988, quoted af ter Hu 1997), both
so lid i fied with 2 g/l Gerlite. The FHG me dium was sup ple mented with
6-benzylaminopurine (BAP), indole-3-ace tic acid (IAA), and
2,4-dichlorophenoxyacetic acid (2,4-D) in var i ous con cen tra tions: me dium FHG1 –
1 mg×10-1 l BAP, me dium FHG2 – 1 mg/l BAP + 1 mg IAA, me dium
FHG3 –1 mg×10-1 l BAP + 0.2 mg×10-1 l 2,4-D. Each com bi na tion was tested in 2–6
Petri dishes con tain ing 15 an thers; the to tal of tested an thers equalled 5985. On the
ba sis of re sults from the ex per i ment 1, the five new bar ley cultivars (ex per i ment 2)
were pretreated with mannitol only, then placed in the FHG3 me dium in 6–10 rep li -
ca tions, with 20 an thers in each; the num ber of an thers equalled 1100.

Af ter sev eral weeks of cul ture in the dark at 25°C, all embryogenic struc tures, i.e.
em bryos and calli (hard struc ture), larger than 1.5 mm were trans ferred to the re gen -
er a tion me dia JLR (JL me dium with out BAP and glutamine, with 3% of malt ose) or
FR (FHG me dium with 0.4 mg/l BAP and 3% of malt ose) in ex per i ment 1 and only
on me dium FR in ex per i ment 2. The cul ture was kept in the light with the irradiance
(PAR) of 120 mmol × m-2 × s--1, with the photoperiod 16/8 h, at 22–24°C. Af ter 5–6
weeks on the re gen er a tion me dium, all green and al bino plants were counted, and the
re sults were given in pro por tion to 100 an thers plated on the in duc tion me dium. The
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anal y sis of vari ance was con ducted in a com pletely ran dom ised de sign; ho mog e nous
groups were es tab lished ac cord ing to Duncan’s mul ti ple range test with p = 0.05.

An at tempt was also un der taken to in duce androgenesis in microspore cul ture of
sev eral Pol ish bar ley cultivars with the method de scribed by Jähne-Gärtner and Lörz
(1999).

RESULTS

The most im por tant fac tor in plant breed ing is the ef fi ciency of androgenesis
mea sured by the num ber of green plants ob tained in vi tro. Due to a sub stan tial in -
flu ence of the ge no type on the androgenic po ten tial, the num ber of green plants ob -
tained from the 23 tested cultivars var ied con sid er ably. The Pol ish cultivars,
show ing a smaller ten dency to wards androgenesis as com pared to the model ones,
were also char ac ter ised by great ir reg u lar ity in the rep li ca tions of the ex per i ment.
Con se quently, in ex per i ment 1, in volv ing 18 cultivars, cultivar dif fer ences in the
num ber of ob tained plants were not sig nif i cant, and con clu sions were based on
a com par i son of mean val ues.

Androgenic po ten tial of Pol ish bar ley cultivars in an ther cul ture in vi tro 59

Ta ble 1
Mean ef fi ciency of androgenesis in Pol ish  bar ley cultivars (per 100 an thers). Ex per i ment 1

Cultivar Numberof anthers Number of plants
Green plants

Number %

Spring cvs

Atol 270 6.1 1.7 27.9

Mobek 315 39.5 8.5 21.5

Orlik* 150 21.1 0.6 2.8

Polo* 180 10.0 8.3 83.0

Rabel 360 8.5 0.8 9.4

Rambo 315 20.2 4.4 21.8

Rasbet 300 13.6 5.0 36.8

Rataj 270 24.4 0.9 3.8

Rodos 285 51.8 8.3 16.0

Rudzik 300 6.5 0.0 0.0

Start* 165 18.3 3.9 21.3

Winter cvs

Gil 330 7.5 1.6 21.3

Gregor 345 2.3 0.6 26.1

Horus 555 13.0 2.0 15.4

Kos 555 17.1 1.7 9.9

Kroton 510 1.7 0.0 0.0

Model cvs.

Gimpel 300 30.2 16.2 53.6

Igri 480 167.1 132.8 79.5

Means of all com bi na tions from ex per i ment 1, * only mannitol pretreated



Model cv. Igri pro duced a much higher num ber of green plants than the other
win ter or spring types. Anal y sis of the re sponses of the Pol ish cultivars – which
were tested in ex per i ment 1 (Fig. 1, Ta ble 1) – in di cated that the spring cultivars, as
com pared to the win ter ones, ex hib ited on av er age a greater abil ity to form
embryogenic struc tures and to de velop plants, green plants in cluded. Among the
win ter cultivars, the high est num ber of green plants was ob tained in cv. Horus. In
the spring va ri et ies, cvs Mobek and Rodos were prom i nent; rel a tively good re sults
were also ob tained in cvs Rasbet and Rambo. Two cultivars, Rudzik and Kroton,
did not pro duce any green plants. In ex per i ment 2, which in volved the new
cultivars of spring bar ley (Ta ble 2), cv. Sezam equalled model cv. Gimpel, while
cvs Stra tus and Gwarek were quite prom i nent.

In Experiment 1, dur ing 8 weeks of cul ture, 8 Pol ish spring cultivars (Atol,
Mobek, Rabel, Rambo, Rasbet, Rataj, Rodos, Rudzik) and cv. Gimpel were ob -
served in re spect to the dy nam ics of embryogenic struc ture for ma tion and the abil -
ity of embryogenic struc tures to de velop plants. As Fig. 2 shows, few struc tures
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Fig. 1. Com par i son of spring and win ter bar ley cultivars as re gards their abil ity to form em bryos/calli in the pro -
cess of androgenesis (No. of struc tures per 100 an thers). The mean val ues ± S.E

Ta ble 2
Mean ef fi ciency of androgenesis in new cultivars of spring bar ley (per 100 an thers). Ex per i ment 2

Cultivar Number of anthers Embryos/calli Total plants Green plants

Gwarek 200 383.9 
a

21.7 
abc

6.1 
ab

Poldek 200 588.0 
b

31.0 
bcd

2.0 
a

Rastik 120 228.5 
a

1.7 
a

0.8 
a

Sezam 200 646.5 
b

37.5 
cd

18.0 
b

Stratus 200 320.0 
a

14.5 
ab

7.0 
ab

Gimpel 180 744.4 
b

48.3 
d

17.8 
b

Means within one col umn fol lowed by the same let ter do not dif fer sig nif i cantly  at the 0.05 level 
of prob a bil ity acc. to the Duncan’s test



were pro duced within 4 weeks of cul ture; about 50% of struc tures were formed by
the end of the 6th week. How ever, the struc tures which ap peared first were sev eral
times more ef fi cient in plant de vel op ment, in clud ing de vel op ment of green plants.
Most green plants in cv. Gimpel, and about 30% of green plants in the Pol ish
cultivars, orig i nated from struc tures gath ered af ter 4 weeks of cul ture. Struc tures
col lected af ter 8 weeks of cul ture showed the least ca pa bil ity of plant de vel op ment,
in clud ing de vel op ment of green plants. A sim i lar re la tion ship was ob served in the
cultivars tested in ex per i ment 2.

Sta tis ti cal anal y sis in di cated that there was no con sid er able dif fer ence be tween
the me dia used to in duce androgenesis. Struc tures able to de velop green plants ap -
peared on all the tested me dia, al though not in each cultivar. Most cultivars pro -
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Fig. 2. Re la tion ship be tween the rate of em bryo/cal lus for ma tion and plant re gen er a tion 
(em bryos/calli were trans ferred af ter 4, 6, 8 weeks)

Ta ble 3
Ef fect of the tested cul ture fac tors on green plant re gen er a tion (per 100 an thers)

Cultivars Pretreating
Medium

FHG1 FHG2 FHG3 JL

Polish cultivars
A 1.5 3.5 3.03.4 3.81.4

B 2.7 4.2

Igri
A 122.2 103.3 161.7 100.0

B 167.3 133.3 139.2 176.6

Gimpel
A 19.0 10,5 3.5 68.0

B 16.6 4.4 7.7 2.2

% of regenerating cvs.
A 46.2 53.8 53.8 38.5

B 31.2 43.7 62.5 12.5

A – cold pretreating, B – mannitol pretreating



duced green plants on the FHG3 me dium, con tain ing 2,4-D (Ta ble 3). Mannitol
pre treat ment as com pared to cold pre treat ment re sulted in a more var ied re sponse
of cultivars to me dia. The mean ef fi ciency of green plants was sim i lar on the me dia
FHG2 and FHG3, and lower on the other ones. There was an in ter ac tion be tween
cultivars and me dia, e.g. the JL me dium proved dis ad van ta geous to the tested win -
ter cultivars, while spring cvs Gimpel and Mobek, pretreated with low tem per a ture, 
pro duced the best re sults on that very me dium.

In tests in volv ing the FHG3 me dium, both meth ods of pre treat ment were com -
pared. Cold pre treat ment fa voured embryogenic struc ture for ma tion, and even
more so in the win ter cultivars than in the spring ones (Ta ble 4). When all ob tained
struc tures were trans ferred to the re gen er a tion me dium, green plant for ma tion in
the win ter cultivars was aided by cold pre treat ment, and in the spring ones by
mannitol pre treat ment. How ever, as sess ment of green plant ef fi ciency per a hun -
dred embryogenic struc tures showed that in the win ter cultivars the two meth ods of
pre treat ment re sulted in a sim i lar num ber of green plants, while in the spring va ri et -
ies more green plants were formed af ter treat ment with mannitol.
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Ta ble 4
Mean num ber of em bryos/calli and plants on the FHG3 me dium

Cultivars Pretreating

Per 100 anthers Per 100 embryos/calli

Embryos/calli
Plants Plants

Total Green Total Green

Spring type
A 859.1 32.4 3.0 3.8 0.3

B 473.7 15.8 4.2 3.3 0.9

Winter type
A 453.1 8.8 3.0 1.9 0.7

B 192.2 6.8 1.1 3.5 0.6

A – cold pretreating, B – mannitol pretreating

Fig. 3. Androgenesis in microspore cul ture: cv. Igri (up per row), cv. Horus (lower row)



For the first time, de vel op ment of green plants in microspore cul ture was
achieved in Pol ish cvs Horus, Sezam, and Mobek (Fig. 3).

DISCUSSION

Hap loids prove use ful in plant breed ing if the cho sen tech nique is ef fi cient,
works with var i ous ge no types, and can eas ily be ap plied in a plant breed ing sta tion.
Each of the three meth ods de vel oped for bar ley has its strong and weak points.
Among the prob lems re lated to the bulbosum tech nique, one should men tion the
ne ces sity to syn chro nise the flow er ing time of par ents and to dou ble the chro mo -
some set by colchicine. Among en vi ron men tal fac tors, tem per a ture is of crit i cal im -
por tance; it should not ex ceed 20–25°C dur ing cross ing and seed de vel op ment. In
Pol ish plant breed ing sta tions, equipped most fre quently with green houses with out
air-con di tion ing, this re quire ment can not al ways be ful filled. As com pared to the
bulbosum tech nique, in duc tion of androgenesis in an ther cul ture proves more de -
pend ent on the re sponse of in di vid ual ge no types to cul ture con di tions. An other
draw back of the method is the for ma tion of use less al bi nos. The po ten tial ef fi -
ciency of an ther cul ture is higher than that of the bulbosum tech nique, and in some
ge no types it can amount to sev eral hun dred green plants per 100 an thers (Pickering
and Devaux 1992); 60–90% of the ac quired plants are spon ta ne ously dou bled hap -
loids. The tech nique of in vi tro microspore cul ture, which en sures the high est ef fi -
ciency of haploidisation, is the least fre quently used in bar ley breed ing be cause it
re quires spe cial con di tions for the growth of do nor plants, more care ful pre cau tions 
against con tam i na tion, and more ex pe ri ence (Kasha et al. 2001).

Ac cord ing to Knutsen et al. (1989), for ma tion of em bry onic struc tures and de -
vel op ment of green plants in an ther cul ture are two sep a rate pro cesses char ac ter -
ised by dif fer ent ge netic reg u la tion (60.1% and 73.2% of the to tal vari abil ity,
re spec tively), both highly de pend ent on the ge no type. It is, there fore, very im por -
tant to test a given breed ing ma te rial in re spect to its ca pa bil ity for haploidisation.
This pa per is the first to de scribe the use ful ness of nu mer ous Pol ish cultivars as re -
gards haploidisation in an ther cul ture. It should be emphasised that do nor plants
were field grown, which could have in flu enced the vari abil ity of the re sults, but on
the whole, the con di tions were close to those of a breed ing sta tion. On av er age,
most cultivars pro duced fewer than 10 green plants per 100 an thers; cultivars with
more androgenic po ten tial formed 10–20 green plants, while in some con di tions as
many as sev eral dozen green plants were pro duced. Only two cultivars, Rudzik and
Kroton, yielded no green plants. It is worth men tion ing, how ever, that – as Castillo
et al. (2000) showed – even in the case of re cal ci trant ge no types it is pos si ble to
achieve good ef fects by proper se lec tion of cul ture fac tors. Other au thors, who
tested var i ous sets of bar ley cultivars and hy brids, ac quired re sults sim i lar to those
pre sented in this pa per. In an ther cul ture of 49 hy brids (pro duced by diallelic cross -
ing of 7 ge no types), Powell (1988) ob tained on av er age less than one green plant
per 100 an thers. Knutsen et al. (1989) tested 17 bar ley cultivars, both spring and
win ter ones, two- and six-rowed, which on av er age re gen er ated 0–5.4 green plants
per 100 an thers. Manninen (1997), hav ing op ti mised the method for 22 F1 crosses
of Finn ish bar ley cultivars, ob tained sev eral green plants per 100 an thers. Hou et al.
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(1993) con ducted re search on 16 ge no types and ac quired on av er age 25.9 green
plants per 100 an thers. Castillo et al. (2000) in their tests on 17 F1 crosses ob tained
5–60 green plants, on av er age 30 plants per 100 an thers. In the last two pro jects, the 
re search ers used the gel ling agent Ficoll, which con sid er ably in creases ef fi ciency
of the method, but can not be widely ap plied due to its high price.

While ex am in ing the androgenic po ten tial of the Pol ish cultivars, we also tested
the in flu ence ex erted by such fac tors as win ter or spring type, pre treat ment and
com po si tion of the me dium. The re sults were less fa vour able with the Pol ish win ter 
va ri et ies than with the spring ones. Au thors are di vided in their opin ions on that
sub ject. Forster and Powell (1997) quote tests (Andersen et al. 1995) in di cat ing
that the abil ity to pro duce green plants in bar ley an ther cul ture de pends on the ac -
tiv ity of two genes, one of which is as so ci ated with a gene de ter min ing the spring or 
win ter type; the re searches, tak ing into ac count the spe cial androgenic po ten tial of
win ter cv. Igri, in ferred that the win ter type has a greater ten dency to wards
androgenesis. Manninen’s ex per i ments (1997) did not point to any dif fer ence be -
tween win ter and spring cultivars. In our tests, cold treat ment of spikes al most dou -
bled the in duc tion of em bry onic struc tures; how ever, when the same num bers of
struc tures taken from each cultivar were placed on the re gen er a tion me dium, the
win ter cultivars treated with mannitol pro duced a sim i lar num ber of green plants,
while the spring va ri et ies pro duced a higher one. Some au thors fa vour cold treat -
ment of an thers, oth ers – their mannitol treat ment (Li et al. 1995, Hou et al. 1993).
Re searches are like wise di vided as re gards the com po si tion of me dia, mainly plant
growth reg u la tors. The in ter ac tion be tween the ge no type and cul ture fac tors, which 
has also been proved in our ex per i ments, points to the need to se lect such con di -
tions for the in duc tion of androgenesis and plant de vel op ment which would be fa -
vour able to most tested ge no types.

Haploidisation re duces breed ing costs and speeds up the va ri ety re lease. Pro duc -
tion of a large num ber of DH plants may take place in a plant breed ing sta tion or in
a spe cial ised lab o ra tory. Devaux (1995) sug gested pro duc ing bar ley hap loids by
first us ing the bulbosum tech nique, then an ther cul ture, as the pe riod of the op ti -
mum growth of do nor plants in the lat ter method fol lows the op ti mal growth pe riod
in the for mer one. In very well equipped breed ing sta tions, it is pos si ble to use
microspore cul tures; the tech nique has been greatly im proved in the re cent years
(Kasha et al. 2001, Li, Devaux 2001).

CONCLUSIONS

1. Twenty one Pol ish bar ley cultivars tested in an ther cul ture ex hib ited var i ous
androgenic po ten tial, most fre quently be ing less than ten green plants ob -
tained from a hun dred an thers (iso lated from 3 spikes). Do nor plants were
field grown.

2.The embryogenic struc tures which were the first to form on the in duc tion me -
dium (in 4 weeks) had the great est abil ity to de velop green plants; struc tures
col lected af ter 8 weeks of cul ture proved to be the least ef fi cient.

3. Most cultivars de vel oped green plants on the me dium FHG ac cord ing to
Hunter (Hunter 1988, quoted af ter Hu 1997), sup ple mented with 1 mg/l BAP
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and 0.2 mg/l 2.4-D (in duc tion me dium) and 0.4 mg/l BAP and 3% of malt ose
(re gen er a tion me dium).

4. Cold pre treat ment of spikes as com pared to mannitol treat ment of an thers was
more con du cive to the for ma tion of embryogenic struc tures, in the win ter
cultivars es pe cially; mannitol had a good ef fect on green plant de vel op ment,
in the spring cultivars in par tic u lar.
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