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Abstract: We investigated the anther culture (AC) efficiency of thirteen F, combinations of winter wheat (Triticum aesti-
vum L.). The genotype dependency was assessed during the induction of the androgenic entities, i.e. embryo-like structu-
res (ELS), regenerated-, green-, albino-, and transplanted plantlets. The number of green plantlets per 100 anthers (GP/100A)
varied from 0.36 to 24.74 GP/100A with a mean of 8.31 GP/100A. Albino plantlets (AP) occurred in each combination, ran-
ging from 0.20 to 22.80 AP/100A with an average value of 5.59 AP/100A. Between 25-87.76 doubled haploid (DH) plants per
100 acclimatised plantlets (DH/100ADP), depending on the combination, with a mean of 59.74% were recovered. We have
found the highest DH production in the combinations Béres/Midas, Kalasz/Tacitus, Béres/Pamier, and Premio/5009. This
improves remarkably the choice of basic genetic material in subsequent crossing programmes. These observations emphasise
the usability and efficiency of in vitro AC in producing a large number of DH lines for breeding and the applied researches
of winter wheat. Although albinism was found in each combination, it was mitigated by the in vitro AC application.

Keywords: breeding; haploid; Triticum aestivum L.; wheat

Abbreviations: AC — anther culture; AP/100A — albino plantlets per 100 anthers; AP/100ELS - albino plantlets per
100 embryo-like structures; AP/100RP — albino plantlets per 100 regenerated plantlets; DH — doubled haploid; DH/100ADP
— doubled haploid plants per 100 acclimatised plantlets; ELS — embryo-like structures; GP/100A — green plantlets per
100 anthers; GP/100ELS — green plantlets per 100 embryo-like structures; GP/100RP — green plantlets per 100 regenerated
plantlets; RP/100A — regenerated plantlets per 100 anthers; TP/100A — transplanted plantlets per 100 anthers

In cereal crops, the use of the doubled haploid (DH)
technology enables genetically homozygous pure lines
from heterozygous breeding material to be realised in
a single generation (Yan et al. 2017). Improvements
and adoption of the technology have rendered it a fast
alternative to conventional breeding methods and it has

become a requisite tool in the attainment of homoge-
neity in different research and programmes (Wedzony
etal. 2009; Lantos & Pauk 2016; Mahato & Chaudhary
2019). The technology also aids in phenotyping more
precisely (Yan et al. 2017) and in genetic studies (Sor-
rells et al. 2011; Hao et al. 2013; Shi et al. 2019).
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The methods used in breeding to produce DH lines
include wide hybridisation, gynogenesis, and andro-
genesis (Dunwell 2010). Intergeneric hybridisation,
e.g., crossing with maize (Zea mays L.) or Hordeum
bulbosum (Suenaga et al. 1997), anther cultures (AC)
(Castillo et al. 2015) and isolated microspore cul-
tures are the methods used for the DH production
in wheat (Triticum aestivum L.) and other cereals
(Lantos & Pauk 2016). Other major crops for which
protocols for DH have been applied include barley,
triticale, rice, and maize (Dunwell 2010; Niu et al.
2014). Using this plant improvement approach, re-
searchers have already produced registered cultivars
(Kush & Virmani 1996) and commercial varieties
(Thomas et al. 2003).

In winter wheat, in vitro AC has been utilised suc-
cessfully in many research programmes to release new
varieties, for example: Jinghua No-1 (Hu et al. 1986),
Florin (De Buyser et al. 1987), GK Délibéb (Pauk et
al. 1995), McKenzi (Graf et al. 2003) or AC Andrew
(Sadasivaiah et al. 2004). With androgenesis, however,
as many researchers have reported for this crop, the
DH production is limited by albinism (Islam 2010;
Broughton 2011; Lantos et al. 2013). Furthermore,
genotype dependency is a major obstacle to wheat
AC-induced DH production; the genotypic influ-
ence on the AC response limits the effectiveness of
the AC method for breeding purposes (Tuvesson et
al. 2000; Chen et al. 2011; Kondic-Spika et al. 2011;
Dwivedi et al. 2015). In hexaploid wheat, it has been
found that winter genotypes are more responsive
than spring genotypes (Sharma et al. 2005). Holme et
al. (1999) reported that the north-western European
wheat genotypes have a lower response compared
to their eastern European counterparts. Thus, using
a responsive breeding material in crossing was one
of the strategies presented by Tuvesson et al. (2000)
to increase wheat AC efficiency. The most impor-
tant aspect of this strategy is that one of the parental
genotypes in each cross should produce at least one
green plantlet/spike in the AC (Tuvesson et al. 2003).

This study was aimed at producing winter wheat
(T. aestivum L.) homogeneous lines via in vitro an-
drogenesis. The effect of the genotype (combination)
factor on the androgenic traits: embryo-like structures
(ELS), regenerated plantlets, green plantlets, albino
plantlets, transplanted plantlets, was determined.
The DH lines generated in the present project will
be evaluated in a subsequent programme for drought
tolerance and agronomic traits to release germplasms
and breeding sources.
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MATERIAL AND METHODS

Plant material. Seeds of thirteen F, accessions,
harvested from the drought tolerance selection trial
of thirteen winter wheat F, materials (Table 1) at the
Cereal Research Non-Profit Ltd. (CR Ltd.), were sown
on 5 m? plots/accession (450 seed/m?) at the CR Ltd.
in October 2017. Further treatment was carried out
according to Lantos et al. (2013).

Collection and treatment of donor tillers. In total,
35-40 donor tillers per genotype with microspores
at the vacuolated, early uninucleate stage (deter-
mined via an Olympus CK-2 inverted microscope
(Olympus, Southern-on-Sea, UK), Figure 1A) were
collected, put in Erlenmeyer flasks with tap water,
covered with PVC (polyvinyl chloride) bags and kept
for 2 weeks at 3—4 °C under continuous dim light
(fluorescent light at 200 umol/m?/s).

Isolation and incubation of anthers. Selected
cold-treated spikes with microspores at the opti-
mal developmental stage were transferred to a flow
box, put in 250 mL Erlenmeyer flasks (containing
a 200 mL 2% NaOCI solution (w/v) with one drop
of Tween-80), covered and placed on a gyratory
shaker for 20 min (120 RPM). The spikes were then
rinsed three times in sterile distilled water (Millipore
Elix 5). In total, 300 anthers were isolated using fine
forceps and placed onto a 90 mm plastic Petri dish
(Sarstedt, Budapest, Hungary) with 15 mL of a liquid

Table 1. List of the F, wheat combinations tested in the
anther culture; the crossing combinations were selected in
the previous (F,) generation based on the yield performance
and drought tolerance in the different ecological conditions

No. Code number Combinations
1 2522 Sel.9/DH150
2 2533 Premio/5009
3 2570 DL41/DH150
4 2572 DL45/DH150
5 2581 Béres/Midas
6 2591 Béres/Pamier
7 2610 Kaldsz/Tacitus
8 2635 Kolo/Premio
9 2680 Koros/Premio
10 2712 Midas/Csillag//Tacitus/5003
11 2739 DH54/12.189
12 2740 DH54/12.89
13 2744 Kapos/Kédmon
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Figure 1. Main stages of the wheat anther culture: donor tillers in the nursery when the microspores are in the uninucle-

ate developmental stage (right-up corner of A; ns — nucleus, va — vacuole) (A); isolated anthers on the surface of the

W14mf liquid medium (B); embryo-like structures obtained in the four week-old anther culture (C); green plantlets

on the regeneration medium (D); collected and discarded albino plantlets from the plant regeneration (E); well-rooted

green plantlets in plastic boxes (F); transplanted plantlets in a glasshouse (G); transplanted plantlets in the field (H)

Bar = 10 pum (A) or 4 mm (C)

W14mf induction medium (Lantos & Pauk 2016,
Figure 1B). After heat-shock treatment (32 °C for
36 h in the dark), the cultures were kept at 28 °C in
the dark for about 5-8 weeks to induce embryo-like
structures. In total, 30-35 cold-pre-treated spikes
per genotype were used to prepare 10 replications,
with 300 anthers each.

Plantlets regeneration. Approximately 5-weeks
after incubation, about 30—-35 ELS with a diameter
of 1-2 mm (Figure 1C) were transferred onto Petri
dishes with 30 mL of a 190-2Cu regeneration medium
solidified with 2.8 g/L of Gelrite® (Pauk et al. 2003)
and placed in a light room.

After about 2—3 weeks, the green plantlets, 20 to
30 mm long (Figure 1D), were transferred into

1000 mL plastic boxes with a solid regeneration
medium (15 plantlets/box) or individually — when
the regenerates could be recovered — into 50 mL glass
tubes with the same medium, and kept in a growth
room (24 °C, 16/8 h light/dark photoperiod, fluores-
cent light at 200 pmol/m?/s) for the entire plantlets
regeneration (Figure 1F). The albino plantlets were
counted and discarded (Figure 1E).
Acclimatisation of plantlets and harvesting of
DH seeds. After about 4-5 weeks, the well-rooted
plantlets were transplanted to plastic tracks (Fig-
ure 1G) filled with peat and sandy soil mixture (1:1)
and grown in a glasshouse. For plant acclimatisation,
the plantlets were initially kept under a PVC cover
for 3—5 days at 15-20 °C. After 2—3 weeks, the plants
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Table 2. Statistical analysis of the androgenic parameters per 100 anthers for thirteen F, wheat combinations by the

one-way ANOVA

Source af Mean squares

of variance No. of ELS/100A No. of RP/100A  No. of GP/100A  No. of AP/100A  No. of TP/100A
Combination 12 5349%** 1329.8%** 654%** 440.1%** 180.96***
Error 111 272 58.7 31.1 16.4 13.85

***The values significantly differ at P < 0.001; ELS/100A — embryo-like structures/100 anthers; RP/100A — regenerated plantlets
per 100 anthers; GP/100A — green plantlets per 100 anthers; AP/100A — albino plantlets per 100 anthers; TP/100A — trans-

planted plantlets per 100 anthers

were transferred to a cool chamber (16/8 h light/
dark, 8—12 °C) for an additional 1-3 months.

In October, the plantlets were transplanted from
the cool chamber to the field (Figure 1H). At the
end of the growing season the following year, all
of the at least partially fertile spikes were manually
harvested; the plants with only sterile spikes were
counted and discarded. Before grain thrashing, the
plants were sorted into two groups based on the type
of spike fertility: fully (100% seed set in the spike)
and partially (< 100%) fertile.

Statistical analysis. To evaluate the effect of the
genotype, the data of the androgenic parameters
(number of ELS, regenerated-, green-, albino-, and
transplanted plantlets) was analysed by a one-way

ANOVA (analysis of variance) using R software
(Ver. 3.6.1., R Core Team, 2019). The pairwise com-
parisons of the means were computed as well.

RESULTS

The statistical analysis revealed that the effect of the
genotype was significant for all the tested androgenic
parameters (the number of embryo-like structures,
regenerated plantlets, green and albino plantlets, and
the well-rooted transplanted plantlets) at P < 0.001
(Table 2).

Evaluation of androgenic traits. Table 3 sum-
marises the significant differences among the geno-
types for all the examined traits. The quantity of the

Table 3. Androgenic response per 100 anthers for thirteen F, wheat combinations in the anther culture

f:rflifr’i tons  No-OfELS/I00A  No.ofRP/I00A  No.of GP/100A  No.of AP/I00A  No.of TP/L0OA
2522 20.30°¢ 9.604 5.20%f 4.40% 4,334
2533 44.07°¢ 26.30% 24.74° 1.56° 9.67%¢
2570 34.38°¢ 12.52¢4 6.71< 5.81% 5.24bef
2572 25.50°¢ 10.504 9.00%¢ 1.50¢ 6.37>d
2581 39.23¢ 23.80°¢ 22.13% 1.67¢ 12.60°
2591 74.53° 30.86% 15.93b¢ 14.93¢ 11.43%
2610 71.03° 36.26° 13.46% 22.80P 8.83%hd
2635 6.00° 0.564 0.36f 0.20¢ 0.33f
2680 39.66° 11.974 1.80°f 10.17¢4 1.00¢f
2712 65.33% 6.601 3.70°f 2.90° 3.364f
2739 13.10% 3.834 2.37¢f 1.46° 1.50¢f
2740 24,46 4.29¢ 1.50° 2.79¢ 1.33¢f
2744 6.43° 2.504 0.90°f 1.60° 0.73¢f
Mean 35.84 13.90 8.31 5.59 5.16
LSDo s 15.50 7.20 5.24 3.81 3.50

The values followed by the same letters within a column are not significantly different at P = 0.05 probability levels as deter-
mined by the pairwise comparison of the means test (Tukey Contrasts); ELS/100A — embryo-like structures per 100 anthers;
RP/100A - regenerated plantlets per 100 anthers; GP/100A — green plantlets per 100 anthers; AP/100A — albino plantlets per
100 anthers; TP/100A — transplanted plantlets per 100 anthers
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Table 4. Statistical analysis of the androgenic parameters, green plantlets (GP) and albino plantlets (AP) per 100 embryo-like
structures (100ELS) and per 100 regenerated plantlets (100RP) for thirteen F, wheat combinations by the one-way ANOVA

Source Mean squares

Mean squares

. d d

of variance 4 No. of GP/100ELS No. of AP/100ELS y No. of GP/100RP No. of AP/100RP
Combination 12 2850.9%* 1137.7%** 12 5343*** 5343***

Error 111 93.6 96.9 108 330 330

***The values significantly differ at P < 0.001

embryo-like structures per 100 anthers (ELS/100A)
ranged from 6.00 to 74.53, depending on the com-
bination (genotype), while the overall mean was
35.84 ELS/100A (Table 3).

The values of the regenerated plantlets per 100 an-
thers (RP/100A) varied from 0.56 in the Kolo/Pre-
mio combination to 36.26 in the Kaldsz/Tacitus one
with a mean of 13.90 RP/100A (Table 3). Out of the
RP/100A, the number of green plantlets per 100 an-
thers (GP/100A) ranged from 0.36 to 24.74. The
combinations the Premio/5009, Béres/Midas, and
Béres/Pamier combinations showed high values of
GP/100A (24.74, 22.13, and 15.93, respectively) while
the Kolo/Premio, Kapos/Kédmoén and DH54/12.89
combinations had the lowest values (0.36, 0.90 and
1.50, respectively). The mean was 8.31 GP/100A
(Table 3).

Albino plantlets (AP) were observed in each com-
bination. However, the values per 100 anthers (A)

varied from 0.20 to 22.80. The mean value was
5.59 AP/100A (Table 3). Table 3 shows the range of
the transplanted plantlets per 100 anthers (TP/100A),
varying from 0.33 to 12.60. The combinations with
the highest values were Béres/Midas, Béres/Pamier
and Premio/5009 (12.60, 11.43 and 9.67 TP/100A,
respectively) while the overall mean was 5.16.

The effect of the combination on the green plant-
lets per 100 ELS (GP/100ELS), albino plantlets per
100 ELS (AP/100ELS), green plantlets per 100 re-
generated plantlets (GP/100RP), and albino plant-
lets per 100 regenerated plantlets (AP/100RP) was
significant at P < 0.001 (Table 4). The values of
GP/100ELS varied from 4.87 in DH54/12.89 to 55.98
in the Béres/Midas combination while the overall
mean was 22.66 GP/100ELS (Table 5). An average
of 15.32 AP/100ELS ranged from 3.63 in the Kolo/
Premio combination to 34.74 in the Kaldsz/Tacitus
combination (Table 5).

Table 5. The androgenic response of the green plantlets (GP) and albino plantlets (AP) per 100 embryo-like (100ELS)
structures and per 100 regenerated plantlets (100RP) for thirteen F, wheat combinations in the anther culture

Combinations No. of GP/100ELS No. of AP/100ELS No. of GP/100RP No. of AP/100RP
2522 26.12%¢ 27.11% 49.32% 50.68¢¢
2533 55.91° 4.14¢ 93.25° 6.75
2570 21.43b4f 17.2904f 59.20b¢® 40.80°¢
2572 35.64° 5.74¢ 84.31% 15.69¢
2581 55.98? 4.57 92.35° 7.65
2591 21.245 19.73bcde 50.22¢ 49.78°4
2610 19.20%de 34.74° 35.48%f 64.52%"¢
2635 7.384¢ 3.63f 69.73% 30.274
2680 5.19¢ 25.83d 16.24f 83.76°
2712 6.11¢ 5.25¢ 54.03¢¢ 45,974
2739 17.14<de 11.88< 58.05P«d 41,950
2740 4.87¢ 11.044 28.73¢ 71.27%¢
2744 17.76% 26.822¢ 41.25¢ 58.75%
Mean 22.66 15.32 56.07 43.93
LSDo.0s 9.09 9.25 17.07 17.07

The values followed by the same letters within a column are not significantly different at P = 0.05 probability levels as deter-

mined by the pairwise comparison of the means test (Tukey Contrasts)
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Moreover, the number of GP/100RP differed from
16.24 to 93.25 depending on the combination, with
a mean of 56.07. The combinations; Béres/Midas,
Premio/5009 and DL45/DH150 had the highest values
of GP/100ELS (55.98, 55.91 and 35.64, respectively),
and also achieved the highest values of GP/100RP,
but in a different order: Premio/5009, Béres/Midas
and DL45/DH150 — 93.25, 92.35 and 84.31 GP/100RP,
respectively (Table 5). The values of AP/100RP ranged
between 6.75 in the Premio/5009 combination and
83.76 in the Koros/Premio combination, with an
overall mean of 43.93 (Table 5).

Production of DH lines. In total, 1 545 acclima-
tised plantlets (ADP) were obtained (Table 6). The
highest numbers were obtained in the combinations:
Béres/Midas, Béres/Pamier, Kaldsz/Tacitus, and
Premio/5009 (301, 270, 239 and 194, respectively).
There was a total of 923 spontaneous doubled haploids
recovered in the nursery with a mean of 59.74/100 ac-
climatised plantlets. The rate of DH/100ADP varied
from 25 to 87.76% across the combinations. The
highest values of the DH plants were present in the
combinations Béres/Midas, Kaldsz/Tacitus, Béres/
Pamier, and Premio/5009 — 191, 183, 127, and 120,
respectively (Table 6).

https://doi.org/10.17221/113/2019-CJGPB

DISCUSSION

Recently, anther culture has been widely adopted
in breeding and applied research, rendering it a
highly-efficient requisite tool with lower costs than
alternative technologies in cereal improvements
for the development of homogeneity (Castillo et al.
2015). Many researchers have concluded that albinism
and the genotype dependency are limiting factors
of AC-induced androgenesis in wheat (Jauhar et al.
2009; Chen et al. 2011; Islam & Tuteja 2012; Niu et
al. 2014; Dwivedi et al. 2015). This paper shows that
these phenomena are not essential hindering factors,
because, on average, a similar quantity of albino and
green plantlets was regenerated and, subsequently,
doubled haploid lines were produced in all the geno-
types. Only the green plants were advanced in the
breeding programme.

In the studies by researchers: Kondic-Spika et al.
(2008); Lantos et al. (2013); and Lantos and Pauk
(2016), no unresponsive wheat plant material was
observed (without ELS or green plantlets produc-
tion), but the inverse was observed in the results of
Holme et al. (1999); Tuvesson et al. (2000); Broughton
(2008); and El-Hennawy et al. (2011). Holme et al.

Table 6. Production of the spontaneous DH plants from thirteen F, wheat breeding combinations after induction of the

in vitro androgenesis via the anther culture

Total No. Total No. Number and percentage of DH plants

Code of Total No. ~and percentage  and percentage fully fertile artially fertile total No.
combinations of GP of TP of ADP Y p Y and percentage

No. % No. No. % No. % No. %
2522 156 130 83.33 83 63.85 15 18.07 28 33.73 43 51.81
2533 668 261 39.07 194 74.33 15 7.73 105 54.12 120 61.86
2570 144 110 76.39 88 80.00 15 17.05 22 25.00 37 42.05
2572 270 191 70.74 146 76.44 40 27.40 49 33.56 89 60.96
2581 664 378 56.93 301 79.63 84 2791 107 35.55 191 63.46
2591 478 343 71.76 270 78.72 87 32.22 40 14.81 127 47.04
2610 404 265 65.59 239 90.19 51 21.34 132 55.23 183 76.57
2635 11 10 90.91 8 80.00 2 25.00 0 0.00 2 25.00
2680 54 30 55.56 29 96.67 17.24 5 17.24 10 34.48
2712 111 101 90.99 99 98.02 18 18.18 28 28.28 46 46.46
2739 71 53 74.65 49 92.45 12 24.49 31 63.27 43 87.76
2740 36 32 88.89 31 96.88 8 25.81 19 61.29 27 87.10
2744 27 22 81.48 8 36.36 5 62.50 0 0.00 5 62.50
Total No. 3094 1926 - 1545 357 - 566 - 923 -
Overall mean - - 61.99 - 80.08 - 2311 - 36.63 - 5974

DH - doubled haploid; GP — green plantlets; TP — transplanted plantlets; ADP — acclimatised plantlets
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(1999) reported that eastern European wheat was
more responsive compared with the north-eastern
European genotypes. In the current study, the plant
material response to in vitro AC induction may not
have been affected by the geographical origin (eastern
and western Europe) since each genotype produced
DH lines.

The values of the embryo-like structures per
100 anthers (ELS/100A), ranging from 6.00 to 74.53,
and the maximum value was relatively higher than
those obtained by previous researches: 53% (Kim &
Baenziger 2005); 52% (Khiabani et al. 2008); 18% (EI-
Hennawy et al. 2011); and 42% (Grauda et al. 2014).
The highest ELS/100A exceeding 100% were found
in these studies: 119% (Kondic-Spika et al. 2008); and
169.40%, 190.40% in 2010, 2011 (Lantos et al. 2013).

The rate of green plantlets per 100 anthers
(GP/100A) obtained in this study was 8.31 which
was a bit higher compared to the values ranging
from 0.40 to 5.80 GP/100A obtained from different
earlier winter wheat breeding programmes (Masojc
et al. 1993; Holme et al. 1999; Tuvesson et al. 2000;
Kondic-Spika et al. 2008; El-Hennawy et al. 2011;
Lantos et al. 2013; Grauda et al. 2014).

The maximum GP/100A value was 24.74. Some
authors have reported higher than 100 GP/100A in
some high-responding genotypes (Broughton 2011;
Lantos et al. 2013; Castillo et al. 2015); others report
the maximum values of the GP/100A, just slightly
higher than those obtained in this study (Trottier et al.
1993; Navarro-Alvarez et al. 1994; Lantos et al. 2013)
while others report less than the current maximum
value (Kim & Baenziger 2005; Khiabani et al. 2008;
Kondic-Spika et al. 2008; El-Hennawy et al. 2011;
Grauda et al. 2014). The strategy of Tuvesson et al.
(2000, 2003), involved inserting responsive genotypes
in crossing programmes to increase the AC efficiency,
and it resulted in a reduction of the time to obtain new
DH lines. This highlights the effectiveness of the AC
method in practical breeding programmes especially
when both green plantlets and DH lines are produced
from every investigated genotype.

The number of albino plantlets per 100 anthers
(AP/100A) in this study ranged from 0.20 to 22.80 with
the overall mean of 5.59, which was low compared
to the means in earlier studies (Broughton 2011; El-
Hennawy et al. 2011; Lantos et al. 2013; Lantos & Pauk
2016). Ten wheat combinations among the thirteen
obtained low values of the AP/100A which were not
significantly different (P < 0.05) (0.20—5.81%). These
results are in contrast to the findings by Wedzony et

al. (2009) and Jauhar et al. (2009), who inferred that
albinism hindered the androgenic DH production
in some genotypes. The genotype dependency was
also shown, as DH plants were obtained across the
different genotypes. Similar to the results provided
by Tuvesson et al. (2000); Kondic-Spika et al. (2011);
Lantos and Pauk (2016), the effect of genotype was
significant for all the investigated androgenic traits
with essential numbers being recorded for the poor-
est of the genotypes.

In comparison with the rate of the spontaneous DH
plants per 100 acclimatised plantlets (DH/100ADP) in
the previous experiments, the total DH/100ADP lines
rate in this study was higher than those obtained by
Kim and Baenziger (2005), Kondic-Spika et al. (2008),
Lantos et al. (2013), and Lantos and Pauk (2016), who
reported 49%, 47.90%, 35%, and 32.72%, respectively.
Spontaneous DH wheat lines that ranged from 5 to
30% were reported by Ziegler et al. (1990); Masojc et
al. (1993); and Navarro-Alvarez et al. (1994). In this
trial, three combinations had higher DH/100ADP
values (76.57%, 87.10%, and 87.76%) than the aver-
age, pointing to the parameter as a remarkable tool
for the selection of responsive genotypes in order
to integrate them into cross-breeding programmes,
hence realising increased AC efficiency.

CONCLUSION

This study revealed the importance of in vitro
haploid induction via androgenesis in a winter wheat
breeding programme; each genotype produced green
plantlets and doubled haploid plants in essential
numbers. The phenomenon of albinism was ob-
tained in each genotype. Although the fluctuation
of the anther culture was observed, the genotype
dependency was not the inhibiting factor. The
combinations: Béres/Midas, Kalasz/Tacitus, Béres/
Pamier, and Premio/5009 had the highest values of
the DH production. Their corresponding DH lines
may be effective basic genetic material in crossing
programmes for the better improvement in the AC-
induced DH plant numbers in future experiments.
The generated DH lines (923 DH lines) will be used
for further drought-tolerance experiments, to release
improved drought-tolerant candidates.
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