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INTRODUCTION

Haploid and dihaploid plants are valuable tools in 
plant breeding, because they enable shortening the pe-
riod of receiving homozygous organisms from hetero-
zygous initial plant material. Receiving haploids by in 
vitro culture comprise anther and microspore cultures 
(CHEN et AL. ͼͺͺͻ). In spite of this, that anther cultures 
are successfully used in plant breeding and there were 
received many new varieties using them, however widely 
using it is still limited by diffi  culties in androgenesis 
induction. It is commonly known that pretreatment 
of fl ower buds before anther culture or during anther 
culture (for example temperature shock, ethylene treat-
ment) could modifi cate the microspores embryogeny 
(WOJCIECHOWSKI ͻ). Beginning from seventies of 
ͼͺth century in researches concerning increasing the ef-
fectiveness of anther cultures, treatment of fl ower buds 
or anthers by diff erent doses of gamma rays are observed 
(RAO et AL. ͻ, PECHAN and KELLER ͻ, ZHANG et 
AL. ͻͼ, SHTEREVA et AL. ͻ, FARIS et AL. ͻ, CHEN 
et AL. ͼͺͺͻ). The results presented in these articles in-
dicate diff erent eff ectiveness of applied doses of gamma 
rays (ͼ-ͽͺͺ Gy). For example according to the data given 
by FAO (REPORT... ͻ) in potatoes ͼͺ Gy dose effi  -
ciently helps in survival of plants, while ͻͺ Gy dose was 
lethal for callus, similarly for the callus of garlic lethal 
was -ͻͺ Gy doses. According to FARRIS et AL. (ͻ) 

doses lower than ͻͺͺ Gy were ineffi  cient in induction 
haploids embryos, rising as an eff ect of pollination by 
irradiated pollen in cucumber. The most effi  cient were 
ͻͺͺ, ͼͺͺ and ͽͺͺ Gy doses and what was interesting, the 
biggest number of embryos was received after treatment 
by dose of ͻͺͺ Gy, the number of regenerated plants was 
comparable in these three doses. 

That is why the main aim of this research was to 
determinate how the gamma rays, incubation tempera-
ture and medium composition can infl uence the devel-
opment of haploid embryos, and the same on increasing 
the eff ectiveness of anthers culture in several chosen 
Brassica species.

MATERIAL AND METHODS

Two varieties (‘Topas’, ‘White Flower’), one strain 
(Mah ͻͺͻ) and Fͽ hybrids (White Flower × Topas) of 
spring rapeseed (B. napus f. annua AACC = ͽ chromo-
somes) and B. carinata (BBCC = ͽ;) was the material 
used in this research.

Flower buds for anthers isolation were collected from 
plants growing in a glasshouse with controlled environ-
mental conditions: ͻ hours photoperiod and tempera-
ture ͼ;/ͻ (day/night). After preliminary analyses it 
was concluded that the most embryogenic anthers there 
are in buds ;.ͺ-;.Ϳ mm length. Flower buds selected in 
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these ways were treated by gamma rays in two doses: ͼͿ 
and Ϳͺ Gy. Untreated and irradiated buds were sterilized 
for ͻͺ minutes in undiluted commercial bleach (Chlo-
rox), rinsed thoroughly three times in sterile water for 
Ϳ minutes in each and after that anthers were isolated. 
In one Petri dishes ͻͼ anthers were placed. The anther 
culture proceeded according to the methods written by 
KELLER and ARMSTRONG (ͻ), on the basal medium BͿ 
or on the BͿ medium supplemented with AgNOͽ in two 
doses ͼ.Ϳ and Ϳ.ͺ ppm (WOJCIECHOWSKI ͻ). 

Anthers during the fi rst ͼ; hours were incubated 
in high temperature at ͽͿ°C in darkness, and after that 
were placed in the breeding room at ͼͿ°C until embryos 
appeared, for about four weeks. In this way this experi-
ment was carried out in three repetitions for fi ve geno-
types, in which every combination (genotype × sort of 
medium × way of anthers treatment) was represented by 
three Petri dishes with ͻͼ anthers in each. In addition 
one repetition of experiment was done, where anthers 
were all the time at ͼͿ°C.

RESULTS

In this work ;ͺ anthers were cultured on the me-
dia, ;ͺ anthers in experiment with high temperature 
treatment and in addition ͻͼͺ anthers in experiment 
without temperature treatment.

The eff ectiveness of anthers cultures was expressed 
by percentage of embryogenic anthers (Table ͻ) and by 
the number of embryos/ͻͺͺ anthers (Table ͼ).

The biggest number of embryos counted on ͻͺͺ 
incubated anthers were obtained from untreated with 
gamma rays Topas anthers both incubated at ͽͿ°C and 
at ͼͿ°C on BͿ medium with addition ͼ.Ϳ ppm AgNOͽ 

(ͻͻ and ͼͿ, respectively) and on the basic BͿ medium 
(ͼ and ͽ respectively) (Phot. ͻ a, b).

Anther cultures of variety ‘White Flower’ showed 
lower effi  ciency compared to anther cultures of variety 
‘Topas’. The response of ‘White Flower’ anthers in in 
vitro was quite diff erent than these of ‘Topas’. The big-
gest mean number of embryos (ͼͿ) and the highest per-
centage of embryogenic anthers (.) were observed in 
case of untreated with gamma rays pretreated with high 

TABLE ͻ. Percentage of embryogenic anthers of fi ve Brassica genotypes

Genotype Gamma ray 
doses (Gy)

Incubation all time at ͼͿ°C Incubation ͼ; h at ͽͿ°C

media media

BͿ BͿ+ ͼ.Ϳ Ag BͿ+ Ϳ Ag BͿ BͿ+ ͼ.Ϳ Ag BͿ+ Ϳ Ag

B. napus Topas ͺ ͽ. ͼͿ.ͺ ͺ.ͺ ͼ.ͼ ͻ. ͺ.ͺ

ͼͿ Ϳ. ͼ. ͺ.ͺ ͺ.ͺ ͺ.ͺ ͺ.ͺ

Ϳͺ ͺ.ͺ ͺ.ͺ ͺ.ͺ ͺ.ͺ ͺ.ͺ ͺ.ͺ

White Flower ͺ ͺ.ͺ ͼ. ͺ.ͺ ͼ. ͼ.Ϳ .

ͼͿ Ϳ. ͼ. ͺ.ͺ .ͻ ͺ.ͺ ͺ.ͺ

Ϳͺ ͺ.ͺ ͺ.ͺ ͺ.ͺ ͺ.ͺ ͺ.ͺ ͺ.ͺ

Mah ͻͺͻ ͺ ͼͼ.ͼ ͽ. ͺ.ͺ ͽͻ.Ϳ Ϳ.ͼ ͺ.ͺ

ͼͿ ͺ.ͺ ͺ.ͺ ͺ.ͺ ͽ. ͻͻ.ͻ ͺ.ͺ

Ϳͺ ͺ.ͺ ͺ.ͺ ͺ.ͺ ͺ.ͺ ͺ.ͺ ͺ.ͺ

Fͽ ͺ ͺ.ͺ ͺ.ͺ ͺ.ͺ ͼͽ. ;. ͺ.ͺ

ͼͿ ͺ.ͺ ͼ. ͺ.ͺ ͺ.ͺ ͺ.ͺ ͺ.ͺ

Ϳͺ ͺ.ͺ ͺ.ͺ ͺ.ͺ ͺ.ͺ ͺ.ͺ ͺ.ͺ

B. carinata ͺ Ϳͼ. ͼ. ͺ.ͺ ͺ.ͺ ͽͼ.; .Ϳ

ͼͿ . ͺ.ͺ ͺ.ͺ ͺ.ͺ ͻͿ. ͺ.

Ϳͺ ͺ.ͺ ͺ.ͺ ͺ.ͺ ͺ.ͺ ͺ.ͺ ͺ.ͺ

PHOT. ͻ. Embryo formation in Brassica anther culture: 
a) plenty of embryos developing on the anther variety ‘To-
pas’. Incubation on BͿ medium supplemented with ͼ.Ϳ ppm 
AgNOͽ. First ͼ; h of incubation at ͽͿ°C temperature, b) oc-
casionally embryo formation on the anther variety ‘Topas’. 
Incubation on BͿ basic medium without high (ͽͿ°C) tem-
perature shock
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temperature (ͼ; h at ͽͿ°C) and incubated on BͿ me-
dium with Ϳ.ͺͺ ppm AgNOͽ (Table ͼ). BͿ medium sup-
plemented with ͼ.Ϳ ppm AgNOͽ did not cause increasing 
of embryo production compare to the basic medium. 
However, in the case of ‘White Flower’ it the stimulat-
ing infl uence of gamma irradiation at ͼͿ Gy dose was 
observed. Irradiated anthers incubated at ͽͿ°C produced 
higher number of embryos (ͼͻ) compared to unirradi-
ated anthers ().

The strain Mah ͻͺͻ showed similar response in 
anther culture as the variety ‘White Flower’. Anthers of 
this genotype produced embryos in two combinations 
i.e. untreated with gamma rays and treated with ͼͿ Gy 
dose. The biggest production of embryos (Ϳ) was ob-
served on untreated anthers incubated on BͿ medium 

with ͼ.Ϳ ppm AgNOͽ at ͽͿ°C. For this genotype addition 
of ͼ.Ϳ ppm AgNOͽ stimulated formation of embryos.

In unirradiated combinations it was noticed that 
supplement of ͼ.Ϳ ppm AgNOͽ to the medium stimu-
lated embryos formation both at ͼͿ°C and ͽͿ°C. While, 
anthers treated with ͼͿ Gy showed better response but 
only in the case of pretreatment them with ͽͿ°C. 

In our research concerning with infl uence the tem-
perature, AgNOͽ and gamma rays doses on effi  ciency 
of anther culture, Fͽ hybrid had the lowest embryog-
eny from all tested genotypes. Embryos were achieved 
only in three of nine combinations. The highest number 
of embryos (ͻ) were found in anthers untreated with 
gamma rays and incubated on the basic medium at ͽͿ°C. 
Unirradiated anthers of Fͽ hybrid showed similar reac-

TABLE ͼ. Mean number of embryos obtained in anther culture of fi ve Brassica genotypes (number/ͻͺͺ anthers)

Genotype Gamma ray 
doses (Gy)

Incubation all time at ͼͿ°C Incubation ͼ; h at ͽͿ°C

media media

BͿ BͿ+ ͼ.Ϳ Ag BͿ+ Ϳ Ag BͿ BͿ+ ͼ.Ϳ Ag BͿ+ Ϳ Ag

B. napus Topas ͺ ͽ ͼͿ ͺ ͼ ͻͻ ͺ

ͼͿ Ϳ ͼ ͺ ͺ ͺ ͺ

Ϳͺ ͺ ͺ ͺ ͺ ͺ ͺ

White Flower ͺ ͺ ͼ ͺ   ͼͿ

ͼͿ ͼ ͼ ͺ ͼͻ ͺ ͺ

Ϳͺ ͺ ͺ ͺ ͺ ͺ ͺ

ͻͺͻ ͺ ͼͼ ͽ ͺ ͽͻ Ϳ ͺ

ͼͿ ͺ ͺ ͺ ͽ ͻͻ ͺ

Ϳͺ ͺ ͺ ͺ ͺ ͺ ͺ

Fͽ ͺ ͺ ͼ ͺ ͻ ͻͽ ͺ

ͼͿ ͺ ͺ ͺ ͺ ͺ ͺ

Ϳͺ ͺ ͺ ͺ ͺ ͺ ͺ

B. carinata ͺ Ϳͼ ͼ ͺ  ͽͼ 

ͼͿ  ͺ ͺ ͼ ͻͿ ͻ

Ϳͺ ͺ ͺ ͺ ͺ ͺ ͺ

FIG. ͻ. Percentage of rooted plants of fi ve genotypes Brassica, with and without 
temperature treatment
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tion as anthers of Mah ͻͺͻ strain. In this case supple-
ment of ͼ.Ϳ ppm AgNOͽ to the medium gave the best 
result at ͽͿ°C (ͻͽ).

Reaction of B. carinata for the analysing factors was 
quite opposite to the anthers of genotype Mah ͻͺͻ. 
Anthers of B. carinata showed the signifi cant decrease of 
embryos production on the medium supplemented with 
ͼ.Ϳ ppm AgNOͽ compare to the basic medium (Table ͼ). 
The same reaction was observed both for irradiated (ͼͿ 
Gy dose) and unirradiated anthers. The best response of 
B. carinata anthers was observed in the case of unirradi-
ated anthers cultured on the basic medium.

In almost all tested genotypes the highest percent-
age of embryogenic anthers (Table ͻ) was always con-
nected with the highest number of embryos produced 
by one anther. One exception was observed in the case 
of Fͽ hybrid anther. In this combination in spite of the 
fact that there were embriogenic anthers (ͼ.%) there 
were no embryos counted on one anther.

Data on the Figure ͻ show the percentage of rooted 
plants of fi ve Brassica genotypes. The best rooting of 
regenerated plants was observed when they were origi-
nated from pretreated with high temperature ‘Topas’ an-
thers (ͼͽ.ͻ;%). The least number of rooted plants were 
obtained for Fͽ hybrid (.;%).

None of tested genotypes did not produce any em-
bryo from anthers treated with Ϳͺ Gy dose of gamma 
rays (Table ͼ).

In the experiment without high temperature pre-
treatment the highest percentage of rooted plants was 
achieved for B. carinata (.ͼͿ%), while in Fͽ hybrids 
there were no rooted plants.

DISCUSSION

Although, a large number of dihaploid plants have 
been achieved in several species of Brassica genera (CE-
GIELSKA ͻ;), from the practical plant breeding point 
of view the effi  ciency of in vitro culture and achieving 
dihaploid plants is still disappointing. Therefore, in this 
paper several factors, which can infl uence androgenesis 
in anther culture were checked.

The eff ectiveness of embryo production in anther 
culture is aff ected by numerous factors such as geno-
type, donor plant conditions, pretreatment of buds 
or anthers, culture medium composition and incuba-
tion conditions of the anthers. According to the data 
obtained by another authors (ARNISON et AL. ͻͺ, 
ANANDARAJAH et AL. ͻͻ, YANG et AL. ͻͼ) a ther-
mal shock treatment at the start of the culture period 
resulted in higher embryos production per ͻͺͺ anthers. 
Based on the experience of over mentioned authors and 
some others, also for another species (KOLEVA-GUDEVA 
et AL. ͼͺͺ). In our paper high temperature treatment 
at the start of the culture period (ͼ; h at ͽͿ°C) stimu-
lated the embryo formation in in vitro anther culture. 
The reaction of tested genotypes on high temperature 
treatment was almost the same. The obtained results in-
dicate that, anthers incubation during the fi rst ͼ; hours 
of cultures at ͽͿ°C temperature increases the number 
of embryos per ͻͺͺ anthers, and fi nally the number of 
rooted plants. Anthers incubated all time of culture at 

ͼͿ°C produced lower number of embryos. Similar de-
pendence was observed in KELLER and ARMSTRONG 
(ͻ) research, where highest temperatures than ͼͿ°C 
stimulated embryogenesis of Brassica anthers.

In the presented paper the infl uence of diff erent dos-
es of AgNOͽ added to the medium on achieving embryos 
from anther culture was examined as well. The eff ect 
of silver nitrate concentration varied from genotype to 
genotype. The best response showed anthers of ‘Topas’ 
variety. It was observed that androgenesis in anthers of 
untreated gamma rays ‘Topas’ variety was stimulated by 
the medium with ͼ.Ϳ ppm AgNOͽ. However, increased 
dose of AgNOͽ to Ϳ.ͺ ppm inhibited the androgenesis. 
WOJCIECHOWSKI (ͻ) in his work concerning ‘Topas’ 
variety anther culture has found much better embryos 
production on the medium with AgNOͽ compare to the 
basic medium. This author observed the highest per-
centage of embryogenic anthers on the BͿ medium with 
addition ͽ.ͺ ppm AgNOͽ. In the work of DIAS and MAR-
TIN (ͻ) where eff ect of silver nitrate on embryo pro-
duction of six B. oleracea subspecies was investigated, 
three diff erent categories of response to the addition 
of silver nitrate were detected: (ͻ) a small number of 
the morphotypes tested showed little or no response 
to the addition of silver nitrate at any concentration 
tested; (ͼ) a few morphotypes were stimulated to form 
embryos by the addition of Ϳ mg·l-ͻ AgNOͽ; and (ͽ) the 
great majority of the morphotypes were stimulated 
to form embryos by the addition of ͻͺ mg·l-ͻ AgNOͽ. 
BEYER (ͻ) suggests that silver (Ag) inhibits ethylene 
action in plant tissue. This suggests that AgNOͽ 
promotes embryogenesis in Brassica genotypes by 
blocking the inhibitory eff ect of endogenous ethylene 
on embryo production. BIDDINGTON et AL. (ͻ) and 
OCKENDON and MCCLEANAGHAN (ͻͽ) also made 
similar observations and suggested that it was possible 
that these genotypes either produced lower levels of 
endogenous ethylene or were less sensitive to ethylene 
for embryo induction.

It is known that in many diff erent plant species: e.g. 
watermelon (Citrullus lanatus), melon (Cucumis melo), 
cucumber (Cucumis sativus), cabbage (Brassica oleracea 
var. capitata f. alba) haploid embryos could be induced 
by applying plant pollination with gamma rays treated 
pollen. There were no data concerning gamma rays used 
for inducing androgenic embryos. For that reason in this 
paper diff erent doses of gamma rays (Ϳͺ, ͻͺͺ Gy) were ex-
amined for induction androgenic embryos from anthers. 
It has been shown that the reaction of testing genotypes 
to applying doses of gamma rays was diff erent. Gamma 
radiation in dose of ͼͿ Gy was stimulating embryos and 
plants development in anthers culture of ‘White Flower’ 
(B. napus) and Brassica carinata. However, anthers treated 
with gamma rays at dose of Ϳͺ Gy did not create any em-
bryos in any of the tested combination.
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