
Introduction

Carrot is commercially one of the most important

vegetables, so it has become the object of inten-

sive research aiming to obtain new cultivars. Since

1970 carrot breeding has been dominated by

the method based on heterosis. Male-sterile plants

are used as female lines. The hybrids obtained in

this way present a high level of uniformity.

The process of obtaining parental lines in order to

derive hybrids is time – consuming and very ex-

pensive. In the biennial system of cultivation

the whole breeding cycle lasts at least 11 years.

Moreover, a strong depression observed in

the breeding within related plants has always been

a big problem. The lack of complete homo-

zygosity in parental lines leads to limited applica-

tion of the potentials of the hybrid technique.

One of the methods to obtain true homozygous

lines is based on anther culture. The first stage

of the process is to obtain embryos from anthers.

The efficiency of androgenesis in anther culture

depends on several factors: genotype, composition

and ingredients of medium, anther culture proce-

dure, growth conditions of donor plants (tempera-

ture and light), flowering stage of donor plants,

stage of microsporogenesis and thermal shock

treatment (Keller and Armstrong 1977; Bajaj

1990; Andersen et al.1990; Osolnik et al. 1993;

Górecka 1998). Anther culture is used in breeding

programmes of some crop species, like rice, rape-

seed and cabbage (Bajaj 1990; Na³êczyñska 1991;

Górecka 1998). In the literature there are only

a few references to carrot anther culture. Andersen

et al. (1990) conducted large investigations into

anther culture application for obtaining homozy-

gous carrot lines. They studied the influence of ge-

notype, stage of microsporogenesis, medium

composition and anther culture procedure on

androgenesis efficiency in anther culture

and found that genotype exerted the strongest in-

fluence on this process. Hu et al. (1993) cultured

anthers of cv. Senkou 5 Sun on solid MS medium

containing various combinations of growth regu-
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lators. The highest rate of embryoid formation

(15%) was obtained on medium containing 2,4-D

(1.0 mg L–1). Matsubara et al. (1995) conducted

carrot anther and microspore cultures. In anther

culture 1.8–4.3% anthers produced embryos.

Tyukavin et al. (1999) studied embryoid initiation

and development in anther culture of 2 carrot

cultivars: Nantskaya 4 and Leandr. They con-

firmed that the efficiency of embryogenesis in an-

ther culture depended on the developmental stage

of microspores.

The aim of this work was to determine the in-
fluence of cultivar, particular donor plant and cul-
ture procedure on carrot androgenesis.

Material and methods

The research was carried out on 5 cultivars of car-
rot: CxC 9900 F1, Lucky B F1, HCM, Beta III
and Perfekcja, which were chosen because of their
high carotene contents.

Roots harvested in the field were stored in
a chilling chamber at about +4oC (±1oC). After
three months the roots were put in pairs into
10-litre pots containing a mixture of sand and peat
(2:1, v/v), with the addition of multicomponent
complex fertilizer Azofoska containing 13.6% N,
1.9% P, 16.0% K, and microelements like Mg, Cu,
Zn, Mn, B and Mo – 1.25 kg m–3 and chalk at
a dose 8.0 kg m–3. The plants developed from
the roots were kept in a greenhouse at about
+20oC. They were additionally fertilized every
five days with a liquid fertilizer Hydrovit 300 con-
taining: 2.20% N–NO3, 0.45% P, 2.26% K, 1.32%
Ca, 0.49% Mg and microelements like Fe, Mn,
Cu, Zn, B, Mo (used concentration 0,3% v/v).

The stage of microsporogenesis was deter-
mined by means of squash preparations stained in
haematoxylin. Anthers with microspores at late
uninucleate and early binucleate stages were used
in the experiments. The external indication of
microsporogenesis was the length of buds, be-
cause in carrot the ratio of petal length to anther
length is not a good marker of the stage of
microsporogenesis due to small size of the buds.
The buds to be used for anther culture were about
1 mm long. The buds were taken from fully devel-
oped umbels, not blooming yet – from the external
umbellules, from each plant separately.

The buds were sterilized in ethanol (70%, v/v)

for 1–2 minutes and then rinsed twice with dis-

tilled water. Anthers were picked out under a dis-

secting microscope (×10) by means of forceps

and a needle. Only anthers without filament were

used, due to the fact that cells of filaments tend to

form callus. Anthers isolated from the buds were

put on modified B-5 medium (Gamborg et al.

1968) with glutamine L (500 mg L–1), L-serine

(100 mg L–1), 2,4-D (0.1 mg L–1), NAA

(0.1 mg L–1) sucrose (100 g L–1) and agar

(6.5 g L–1) (Andersen et al. 1990). Medium pH was

established at 5.8. The medium was autoclaved.
Anthers were placed in 100-mL Erlenmeyer

flasks (40 anthers per flask), each containing
30 mL of medium. The flasks were kept in dark-
ness at +27oC. When embryos appeared, the flasks
were transferred to continuous fluorescent light
(30 µmol m–2s–1) at the same temperature (+27oC).

The aim of the first experiment was to compare

the capacity for to androgenesis in anther culture

of the five carrot cultivars: CxC 9900 F1, Lucky B

F1, HCM, Beta III and Perfekcja and, of 6 individ-

ual plants of cv. HCM.

In the second experiment two culture methods
were compared:

1) incubation in the dark at +27oC for 2 weeks,

followed by transfer onto a fresh medium of

the same composition and exposure to continuous

white fluorescence light (30 µmol m–2s–1), still at

+27oC, until embryos occurred and turned green

2) incubation in the dark at +27oC until the ap-

pearance of embryos and then exposure to contin-

uous light – without transfer onto a fresh medium.

Embryos were counted, their growth and de-
velopment were observed, and then they were
transferred onto the regeneration medium.

The experiments were carried out using double
blind randomisation. The information about num-
bers in particular experimental combinations was
given in tables as well as the information about
the character of experiments and their description.

The number of obtained embryos per 100 an-
thers and the percentage of responding anthers
were used as indicators of the efficiency of
androgenesis – a method based on the experiments
by Keller et al. (1975) and Keller and Armstrong
(1977, 1979). The results were assessed using
the variation analysis. The means were compared
by the Newman-Keuls test (significance level

� = 0.05).

Results

The lenght of incubation period until the occur-
rence of embryos varied remarkably. The shortest
period observed was two weeks, but in most cases
the duration was one or two months, in some cases
even three months from the time of placement on
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medium. In cv. HCM, new embryos kept appear-
ing from embryogenic anthers for up to two
months after the transfer of the first embryos onto
regeneration medium. From one anther a few
dozen of embryos were obtained, hence the num-
ber of obtained embryos per 100 cultivated anthers
exceeded many times the percentage of respond-
ing anthers. In one case 612 embryos from just 14
responding anthers placed in one flask were ob-
tained (Figure 1).

The highest efficiency of androgenesis was ob-

served in cv. HCM – 5.6 embryos per 100 anthers.

In this cultivar also the highest percentage of re-

sponding anthers was recorded – 1.3 %. The other

cultivars differed from HCM considerably: em-

bryos occurred sporadically and in the case of

the cv. Lucky B F1, embryogenesis did not occur.

The differences were statistically significant (Ta-

ble 1).

It turned out that genotype played a significant
role in the process of androgenesis via anther cul-
ture. Remarkable differences in the capacity of
androgenesis were observed also within the most
embryogenic cv. HCM, depending on donor
plants. In the cultures derived from donor plants 5
and 6, no embryos were obtained, whereas 48.9
embryos per 100 anthers were produced by the an-
thers taken from donor plant 3, whose percentage
of responding anthers was also high – 7.5%.
The percentage of responding anthers for donor
plants 1 and 4 was 0.8% and they produced 1.2
and 1.3 embryos per 100 anthers, respectively.
Donor plant 2 was less productive – 0.2 embryos
per 100 anthers (Table 2).

The transfer of anther culture to a fresh me-

dium and exposure to light after two weeks of in-

cubation in the dark (procedure 1) turned out to be

disadvantageous. After such subculturing, both in-

dicators of the efficiency of androgenesis:

the number of obtained embryos out of 100 an-
thers and the percentage of responding anthers
were lower. The number of embryos per 100 an-
thers was 2.2 – in the cultures which were trans-
ferred onto a fresh medium and exposed to
the light. In the cultures which were kept on
the same medium in the dark until the occurrence

The influence of several factors on the efficiency of androgenesis in carrot 267

Figure 1. The embryo on the carrot anther (×20)

Table 1. The influence of cultivar on the efficiency of androgenesis in carrot (monofactorial experiment)

Cultivar No. of cultured
anthers

No. of obtained
embryos

No. of embryos per
100 anthers

No. of reacting
anthers

% of reacting
anthers

CxC 9900 F1 1146 3 0.3 b* 2 0.2 b*

Lucky B F1 1079 0 0.0 b 0 0.0 b

HCM 3868 213 5.6 a 48 1.3 a

Beta III 4341 1 0.0 b 1 0.0 b

Perfekcja 533 2 0.4 b 1 0.2 b

* The numbers marked within columns with the same letter do not differ significantly at � = 0.05

Table 2. The influence of donor plant on the efficiency of androgenesis in carrot cv. HCM (monofactorial

experiment

Donor
plant

No. of cultured
anthers

No. of obtained
embryos

No. of embryos per
100 anthers

No. of reacting
anthers

% of reacting
anthers

1 1069 13 1.2 b* 8 0.8 b*

2 509 1 0.2 b 1 0.2 b

3 361 179 48.9 a 27 7.5 a

4 1564 20 1.3 b 12 0.8 b

5 155 0 0.0 b 0 0.0 b

6 210 0 0.0 b 0 0.0 b

* The numbers marked within columns with the same letter do not differ significantly at � = 0.05



of the first embryos, the number was 8.1 (differ-
ence statistically significant at � = 0.05). The per-
centage of reacting anthers was 0.6 and 1.5
respectively (Table 3).

Discussion

Matsubara et al. (1995) claimed that in the anther
culture of carrot androgenetic embryos started to
appear after about 4 weeks. Tyukavin et al. (1999),
who conducted cytological studies of embryo for-
mation in carrot anther culture, confirmed this in-
formation and reported that the first countable
embryoid structures occurred after four weeks of
incubation. Andersen et al. (1990) in their research
obtained embryos after 2–4 months of anther incu-
bation. In our experiments the first embryos ap-
peared as early as after two weeks, but in most
cases they developed after one, two or even three
months from placing anthers on the medium.

Genotype is the most important factor affecting
embryogenesis in anther culture. This is stressed
by many authors working on different species.
Keller and Armstrong (1977); Siebel and Paulus
(1989); Na³êczyñska (1991) observed the prevail-
ing effect of genotype on the effectiveness of
androgenesis in rape, Ockendon (1986) –
in Brussels sprouts, Górecka (1998) – in cabbage,
Yang et al. (1992) – in cauliflower. Andersen et al.
(1990) established the anther culture of 15 differ-
ent carrot varieties, from which only 2 turned out
to be embryogenic and they were used for further
experiments. In our research only 1 cultivar out of
5 turned out to be embryogenic and we used it for
further experiments.

Some authors have reported on significant dif-
ferences in the efficiency of androgenesis not only
between species and cultivars but also between in-
dividual plants, e.g. Arnison et al. (1990) in broc-
coli, Górecka (1998) in head cabbage and Górecka
et al. (1996) in Brussels sprouts. The same ten-
dency was observed by Andersen et al.(1990) in

carrot cultivars. In cv. Nantes Topschoor they ob-
tained 21 embryos from plant 7, and 1 embryo
from plants 4, 5 and 9. The present study confirms
the above findings. In cv. HCM from plant 3 we
obtained 49.6 embryos per 100 anthers, while
from plants 5 and 6 we did not obtain any embryos
at all.

Andersen et al. (1990) after two weeks of incu-
bation in the dark, exposed the anther culture to
light and kept transferring them onto a fresh me-
dium in 14-day intervals. In our experiments
the transfer of anthers onto a fresh medium and ex-
posure to light after two weeks of incubation in
the dark proved to be disadvantageous. We ob-
served a higher frequency of androgenesis in an-
ther culture kept in the dark at +27oC until
the appearance of the first embryos. This proce-
dure is simpler and cheaper: labour-saving and de-
creasing the costs, producing better results –
undoubtedly worth using.

Conclusions

Significant differences in the efficiency of
androgenesis in anther culture of carrot were ob-
served between tested cultivars, and also between
individual donor plants.

More embryos (per 100 anthers) were obtained
from cultures incubated in darkness and not trans-
ferred onto fresh medium until first embryos oc-
curred.

Acknowledgements. This research was financed by

the State Comittee for Scientific Research, Poland

(KBN grant No. 6 P06A 018 21).

REFERENCES

Andersen SB, Christiansen J, Farestveit B, 1990. Carrot
(Daucus carota L.): In vitro production of haploids

and field trials. In: Bajaj YPS, ed. Biotechnology in

Agriculture and Forestry, Springer Verlag, Berlin

12: 393–402.

268 K. Górecka et al.

Table 3. The influence of anther culture procedure on the efficiency of androgenesis in carrot cv. HCM
(monofactorial experiment)

Culture procedure No. of cultured
anthers

No. of obtained
embryos

No. of embryos
per 100 anthers

No. of reacting
anthers

% of reacting
anthers

Anthers kept in darkness for
2 weeks, next transferred onto a
fresh medium and exposed to light 1745 43 2.2 b* 14 0.6 a*

Anthers kept in darkness until
appearance of first embryos, not
transferred onto a fresh medium 2058 168 8.1 a 32 1.5 a

* The numbers marked within columns with the same letter do not differ significantly at � = 0.05



Arnison PG, Donaldson P, Jackson A, Semple Ch,
Keller WA, 1990. Genotype – specific response
of cultured broccoli (Brassica oleracea var. italica)

anthers to cytokinins. Plant Cell Tiss and Org Cult

20: 217–222.

Bajaj YPS, 1990. In vitro production of haploids

and their use in cell genetics and plant breeding.

In: Bajaj YPS, ed. Biotechnology in Agriculture

and Forestry, Springer Verlag, Berlin 12: 3–44.

Gamborg OL, Miller RA, Ojima O, 1968. Nutrient re-
quirements of suspension cultures of soybean root
cell. Exp Cell Res 50: 151–158.

Górecka K, Krzy¿anowska D, Œmiech M,
Hoser-Krauze J, 1996. The effect of genotype on
androgenesis and regeneration of plants from anther
derived embryos in Brussels sprouts. J Appl Genet
37A: 191–194.

Górecka K, 1998. Obtaining of homozygous lines
of head cabbage (Brassica oleraceae L. var.

capitata L.) with aid of anther culture. (Polish with

English summary) Habil Thesis, 14 ed. Res Inst

Veg Crops): 1–71.

Hu KL, Matsubara S, Murakami K, 1993. Haploid plant
production by anther culture in carrot (Daucus

carota L.) J Jap Soc Hort Sci 62: 561–565.

Keller WA, Rajhathy R, Lacapra J, 1975. In vitro pro-

duction of plants from pollen in Brassica

campestris. Can J Genet Cytol 17: 655–666.

Keller WA, Armstrong KC, 1977. Embryogenesis
and plant regeneration in Brassica napus anther cul-

tures. Can J Bot 55: 1383–1388.

Keller WA, Armstrong KC, 1979. Stimulation
of embryogenesis and haploid production in Bras-

sica campestris anther cultures by elevated

temperature treatments. Theor Appl Genet 55:

65–67.

Matsubara S, Dohya N, Murakami K, Nishio T, Dore C,
1995. Callus formation and regeneration of adventi-
tious embryos from carrot, fennel and mitsuba
microspores by anther and isolated microspore cul-
tures. Acta Hort 392: 129–137.

Na³êczyñska A, 1991. Application of doubled haploids
in breeding of rape. Part I. Obtaining of homozy-
gous lines. Hod Roœl Aklim (Polish with English
summary) 35: 3–28.

Ockendon DJ, 1986. Utilization of anther culture in
breeding Brussels sprouts. In: Horn W, Hensen CJ,

Odenbach W, Scheider O, eds. Genetic manipula-

tion in plant breeding. Walter de Gruyter Berlin:

265–271.

Osolnik B, Bohanec B, Jelaska S, 1993. Stimulation
of androgenesis in white cabbage Brassica oleracea

var. capitata anthers by low temperature and anther

dissection. Plant Cell Tiss Org Cult 32: 241–246.

Tyukavin GB, Shmykova NA, Mankhova MA, 1999.
Cytological study of embryogenesis in cultured car-
rot anthers. Russ J Plant Phys 46: 876–884.

Siebel J, Paulus KP, 1989. A comparison of anther
and microspore culture as a breeding tool in Bras-

sica napus. Theor Appl Genet 78: 473–479.

Yang O, Chauvin JE, Herve Y, 1992. A study of factors
affecting anther culture of cauliflower Brassica

oleracea var. botrytis. Plant Cell Tiss Org Cult 28:

289–296.

The influence of several factors on the efficiency of androgenesis in carrot 269


