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Three problems are discussed in the present article: the currently changing meaning and range of the term "apomixis, " 
opinions on the normality of apomictic processes, and the relation between vegetative and apomictic reproduction. 
The differences in opinion on these matters reflect the authors’ subjective views, which cannot be avoided in dealing 
with complex phenomena that are difficult to manipulate experimentally. However, the increase in the number of 
synonyms that can be observed in the current literature is not useful in discussions and does not make statements 
easier to interpret. Thus, special attention should be paid to the precise use of terminology in discussions and articles 
on apomixis and related processes. 
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DEFINITIONS OF APOMIXIS

There are several problems in ovulate plants con
nected with apomixis, a special form of asexual repro
duction in plants whereby seeds are formed without 
fertilization, leading to the production of metromor- 
phous progeny, that is, progeny identical genetically 
and morphologically with its mother. The process is 
characterized by a variety of cytoembryological cycles, 
in which different elementary apomictic processes of 
embryo sac formation (apospory, diplospory) and em
bryo development (parthenogenesis, apogamety, ad
ventitious embryony) may be combined (Tab. 1). 

On account of this variety there is no one gener
ally accepted definition or classification of apomixis, 
in spite of the fact that more than one hundred and 
fifty years of apomictic studies have passed since the 
appearance of the first publication on the develop
ment of seeds without pollination, and consequently 
without fertilization, inAlchornaea (Coelobogyne) il- 
licifolia (Smith, 1841). A consensus of opinions can 
hardly be expected to be reached within a short time. 
It even seems doubtful that molecular techniques 
will help to solve this question quickly, particularly 
since some of those processes are extremely rare and 
manipulation of them is difficult. Constant progress 
in research and technique is essential here. 

A widely accepted definition of apomixis, follow
ing Winkler’s conception from 1908, was proposed 
by Darlington (1937) and popularized by Gustafsson 
(1946-47). It stresses that two conditions, the lack of 
meiosis and the lack of fertilization, are characteristic 
of apomictic reproduction (Tab. 1). However, there is 
a difference of opinion between the two authors about 
when reproduction can be classified as classic apo
mixis. For Darlington the omission of one of the basic 
cytological processes is sufficient to classify the phe
nomenon as apomixis. When two processes are 
omitted, apomixis is recurrent. When only one is lack
ing, for example fertilization, apomixis is non-recur- 
rent because haploids, sterile as a rule, are formed 
after reduced parthenogenesis. The omission of 
meiosis followed by fertilization leads to the formation 
of triploids, and polyploidization occurs within the 
progeny of apomicts. Gustafsson’s definition is nar
rower, demanding the fulfillment of both conditions. 
When only one of the cytological processes is omitted 
he interprets this mode of reproduction as a tendency 
towards apomixis (Tab. 1). 

Battaglia (1963) and Solntseva (1969) extended 
the conditions necessary for apomictic reproduction by 
accepting in it the occurrence of disturbed meiosis (e. g., 
in diplospory), or a disturbed process of fertilization. The 
latter addition makes it possible to include in apomixis
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TABLE 1. Combinations of cytological processes responsible for plant reproduction by seeds, corresponding types of reproduc
tion and elementary apomictic processes

*Stebbins (1951) introduced the very useful term "gametophytic apomixis" which covers two terms, "apospory + parthenogenesis or 
apogamety" and "diplospory + parthenogenesis or apogamety. " The term gametophytic apomixis points to the structure in which an 
apomictic embryo is formed (gametophyte = embryo sac). Accordingly, adventitious embryony in which the embryo originates from a 
vegetative cell of the ovule (sporophyte) may be called "sporophytic apomixis. "

the processes of hemigamy (independent divisions of 
the egg and sperm nuclei within the egg cell) and an
drogenesis (the development of an embryo from an egg 
cell with the participation of the sperm nucleus only, 
while the maternal nucleus is eliminated). Asker and 
Jerling (1992) treat these two processes along with 
automixis (fusion of nuclei within the embryo sac or 
within a dividing reduced egg cell; synkaryogenesis 
after Battaglia, 1963) as reproductive anomalies.

In general discussions the cytoembryological 
backgrounds are usually forgotten and the stress is put 
on the essential, final result of apomictic reproduction: 
formation of metromorphous progeny genetically, cy- 
tologically and morphologically identical with its 
mother plant. Such a result is characteristic of diploid 
(unreduced) parthenogenesis (the development of an 
embryo without fertilization from the egg cell, with un
reduced chromosome number). It is possible also in 
other forms of reproduction without fertilization, for 
example adventitious embryony, automixis, or after 
reduplication of chromosomes in the archespore fol
lowed by meiosis in the embryo sac of Allium type.

THE TENDENCY TO ALTER THE RANGE 
OF THE TERM APOMIXIS

Stebbins (1951) wrote that many botanists con
sidered the complicated terminology and the dif
ferences of opinion about the proper use of terms as 
one of the obstacles in the way of gaining full know

ledge of the phenomenon of apomixis. Stebbins’ ob
servation still seems valid now. Change in the 
meaning of the term itself is currently a special 
terminological problem of apomixis in angiosperms.

It is not the first change since Haacke coined it in 
1893. It was devised for animals and differed from its 
later meaning in Winkler (1908), Darlington (1937) or 
Gustafsson (1946-47). The history of these changes 
has been compiled by Battaglia (1991). The process is 
continuing, with a tendency to narrow the range of the 
term apomixis and to use it synonymously with aga
mospermy - apomictic reproduction by seeds.

The term "agamospermy" was coined by Tack
holm (1922). He included in it various forms of seed 
(embryo) formation in angiospermous apomicts. 
Later on, agamospermy was understood as one of the 
main forms of apomixis in plants reproducing by 
seeds (Gustafsson, 1946-47; Stebbins, 1950; Batta
glia, 1963; Grant, 1971 and others).

According to the system of classification, aga
mospermy may comprise gametophytic and sporo
phytic apomixis or exclusively gametophytic 
apomixis (Tab. 1). In the broad definition of apomixis 
by Khokhlov (1967) the term "apomixis in angio
sperms" means formation of seeds without fertiliza
tion, but in Khokhlov’s papers apomixis preserves 
its general meaning.

Nogler (1984) cited a list of synonyms useful in 
apomictic studies. Those he judged dispensable he 
wrote in italics, as on page 476: "Apomixis sensu stricto 
(s.s.): agamospermy, seed apomixis ...."

Cytological processes TYPES OF REPRODUCTION 
and elementary apomictic processes

Meiosis + fertilization AMPHIMIXIS, sexual reproduction

*Lack of meiosis + lack of fertilization APOMIXIS sensu stricto
Apospory + parthenogenesis or apogamety 
Diplospory + parthenogenesis or apogamety 
Adventitious embryony

Disturbed meiosis + lack of fertilization Diplospory + parthenogenesis or apogamety

Meiosis + lack of fertilization APOMIXIS sensu Darlington(1937)
Tendency towards apomixis (Gustafsson 1946-47) 
Reduced (poly)haploid parthenogenesis or apogamety

Meiosis + disturbed fertilization Hemigamy 
Androgenesis
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In a recent monograph on apomixis, Asker and 
Jerling (1992) accepted that synonym formally (p. 1): 
"We do not include various types of vegetative repro
duction among the apomictic phenomena: apomixis 
is then synonymous with asexual seed formation, or 
agamospermy."

The view of Asker (1979) and Asker and Jerling 
(1992) is to some extent compatible with a remark 
by Rutishauser (1967), who stressed that his defini
tion of apomixis agreed more or less with the 
meaning of agamospermy. However, Rutishauser 
did not go so far as to call apomixis and agamos
permy synonymous terms.

In the tendency to change the range of the term 
is hidden the fact that these two terms, apomixis and 
agamospermy, overlap in some cases. It warns us to 
be careful with precise use of terms in papers and 
discussions.

The problem is more profound in publications 
when the authors do not define what they mean 
when using the terms apomixis or apomictic. The 
term apomixis is used, perhaps unconsciously, 
either in Darlington’s or Gustafsson’s sense. The 
complexity of the total process is sometimes forgot
ten. Thus, the "genes of apomixis" are discussed 
when in fact the genes of, for example, apospory or 
parthenogenesis are being considered. Similarly, 
apomeiotic, unreduced embryo sacs are described, at 
least provisionally, as "apomictic," while their des
tiny (parthenogenetic formation of an embryo or fer
tilization of the egg cell) cannot be known yet. 
Referring to the latter remark, the terminological 
opinion of Nogler (1984) should be compared (p. 
477): "On no account may embryo sacs be called ‘sex
ual’ or ‘apomictic,’ as sexuality or apomixis have 
nothing to do with the origin of gametophytes."

It is evident that there are tendencies to treat 
apomixis not only as a synonym of agamospermy but 
also as a synonym of single apomictic processes (di- 
plospory, apospory and parthenogenesis) or as a pro
cess of reproduction without fertilization in general. 
The latter agrees with the terminology of an analo
gous reproductive process in animals, where it is 
called parthenogenesis (Suomalainen et al., 1987).

The binomial terms "aposporous apomixis" and 
"diplosporous apomixis" commonly used to point to 
the origin of an unreduced embryo sac and the lack 
of fertilization are, however, justified. Interestingly 
enough, the expression "adventitious apomixis" is 
not popular even though it stresses the unusual lo
calization of the initial cell of the developing embryo 
and the lack of fertilization. This may reflect the fact 
that adventitious embryony, regarded as apomictic 

or not, is the less stable item in classification sys
tems of plant reproduction.

Sometimes the use of the original meaning of 
apomixis cannot be avoided. Asker and Jerling 
(1992), who treated apomixis as a synonym of aga
mospermy, entitled their monograph Apomixis in 
Plants, which here, in my opinion, reflects a pref
erence for the classic meaning of apomixis.

APOMIXIS AND VEGETATIVE 
REPRODUCTION

Some authors interpret apomixis as a form of vege
tative reproduction realized by means of generative 
structures.

The problem discussed now, the relation be
tween apomixis and vegetative reproduction, con
cerns not the question of whether some or all forms 
of vegetative reproduction should be included or 
excluded from apomixis sensu lato. There are ex
perienced authors who recognize vegetative apo
mixis, such as Gustafsson (1946-47) and Stebbins 
(1951). Others have excluded all forms of vegeta
tive reproduction from apomixis (Battaglia, 1963; 
Khokhlov, 1967; Rutishauser, 1967; Nogler, 1984; 
Asker and Jerling, 1992; Naumova, 1992; Solntse- 
va, 1969, 1997). The present subject of discussion 
is connected with another aspect of the problem: 
vegetative reproduction and the nature of apo
mixis.

There are authors who connect apomixis, in this 
respect, with vegetative reproduction. To the most 
important representatives of this view belongs 
Davis (1966), who wrote (p. 22), "the process itself 
[apomixis] is merely a sophisticated form of vegeta
tive reproduction," without further comment.

Similar statements, even more direct ones, may 
be found in original papers or compilations, also 
without arguments which might support the opinion 
of the author. In one of the latest reviews on prob
lems of apomixis, Hayward (1999) proposed his own 
definition of apomixis as production of seed by vege
tative means.

Rutishauser (1967) looked at the relation between 
apomixis and vegetative reproduction from the point 
of view of evolution, seeing in apomixis an evolutionary 
tendency towards vegetative reproduction.

The tendency to join apomixis with vegetative 
reproduction may find a justification in the fact that 
the two basic features of classic apomixis, lack of 
meiosis and lack of fertilization, are also charac
teristic of vegetative reproduction. However, the 
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supporters of the vegetative associations of apomixis 
overlook the specialization of plant organs and cells 
into vegetative and generative ones according to 
their main roles in plant life. Both sexual and apo
mictic reproduction belong to the generative mode of 
reproduction.

Apomixis preserves the morphological struc
tures characteristic of generative, sexual reproduc
tion. Female and male organs (pistils and stamens) 
are morphologically identical in the same taxa; func
tional gametes are formed in male gametophytes 
and embryo sacs. Pollination, a feature of sexual re
production, is preserved in pseudogamous apomicts. 
In the latter group even fertilization of the central 
cell is necessary for formation of a functional seed. 
In facultative apomicts, apomixis and amphimixis 
occur in the same plant. Thus the differentiation into 
generative and vegetative (generative and somatic) 
spheres is undisturbed during reproduction by 
seeds.

The origin of the new plant differs between apo
mixis and vegetative reproduction. In apomicts an 
embryo is raised from one cell within the embryo sac 
or from a vegetative cell of the ovule. Among others, 
Koltunov (1993) pointed to this fact in considering 
the differences between apomictic and somatic em
bryogenesis. On the other hand, in vegetative repro
duction of seed plants a group of somatic cells or 
specific somatic propagules develops into a new in
dividual. If such an individual develops within an 
ovule (a generative organ) from a somatic (vegeta
tive) cell as in the case of adventitious embryony, it 
always passes through the embryo stage. However, 
it is not the somatic initial cell alone that is import
ant here, but also the embryo sac (highly specialized 
generative structure), which is necessary for the for
mation of the functional embryo.

Thus there are opinions which associate adven
titious embryony either with apomixis (e.g., Gus- 
tafsson, 1946-47; Naumova, 1992) or with a kind of 
vegetative reproduction included in apomixis 
(Schnarf, 1929). The third one is that of Battaglia 
(1963); he stressed the peculiarity of adventitious 
embryony in his classification, recognizing in it a 
specific type of reproduction called sporophytic 
multiplication, parallel to the second type - vegeta
tive reproduction.

To summarize, to associate apomixis, as one of 
the forms of reproduction, with vegetative propoga- 
tion is the subjective approach of some authors to 
the problem of the nature of apomixis, and usually 
it is not followed by an adequate explanation of their 
opinion.

IS CLASSIC APOMIXIS A NORMAL 
PROCESS?

Nogler (1994) called apomixis "an anomaly of repro
duction" in his review of the history of research on 
the genetics of gametophytic apomixis. Similarly, in 
general discussions apomixis is often considered un
usual, anomalous, different from what is normal, 
and indeed it is when its occurrence is compared 
with normal course of sexual reproduction, which 
prevails in nature. One may suppose that the per
centage of taxa with records of recurrent, genetically 
regulated apomixis is generally not high.

Nevertheless, current knowledge of the number 
of taxa in which apomictic phenomena regularly take 
place is far from satisfactory. The systematic com
plications with microspecies mean that the most 
proper evaluation is one that treats the number of 
apomictic records on the generic level. I tried to list 
such genera in the three best-studied families 
(Czapik, 1996, 2000). The following values (percent
ages of the total number of recognized taxa) were es
tablished:

(1) Compositae: 2.9 % of genera with apomictic rec
ords, in comparison to 11.1% of genera with any 
embryological data (the family comprises 1,535 
genera recognized by Bremer, 1994)

(2) Rosaceae: 18.5% of genera with apomictic rec
ords, and 71.1% of genera with any embryological 
data (171 genera recognized by Brummitt, 1992)

(3) Gramineae: 9.3% of genera with apomictic rec
ords (657 genera according to Brummitt, 1992).

Our knowledge concerning the number of gen
era or species with any apomictic records is strictly 
related to the frequency of embryological investiga
tions. Any significant quantitative progress in plant 
reproductive biology, judging from current research 
trends, cannot be expected in the nearest future. We 
can, however, expect expanded investigations with
in cultivated plants and their wild relatives from 
plant breeding and selection research programs in 
which apomixis plays an important role.

There is another opinion sometimes en
countered in the literature, that apomixis is an ab
normal process. For instance, Schnarf (1931) 
included examples of apomixis into a group of "Ab
normal Fortpflanzung" but he did not consider those 
processes abnormal in his embryological monograph 
in 1929. In some cases it may be only a linguistic 
problem, a misunderstanding in the use of the ad
jective "abnormal." Abnormal means different, espe
cially in an undesirable way, from what is normal or 
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expected, and it is usually interpreted in such a ne
gative manner. However, it is not so in apomixis.

Undesirable are such features as sterility, weak
ness of the plants, or their elimination in competi
tion. Apomicts do not show these features and do not 
seem to be in any way suppressed. The noted irregu
larities do not exceed the degree that may be ex
pected in any biological process. Apomictically re
producing plants may have sterile pollen for various 
reasons but this sterility does not affect seeds, as a 
rule, and with some exceptions the plants are char
acterized by high seed fertility (Czapik, 1994).

Davis (1967) wrote in her article about apomixis 
in Compositae, "A phenomenon of such widespread 
occurrence as apomixis can no longer be regarded 
merely as an interesting abnormality." This opinion 
is nowadays shared by an increasing number of in
vestigators.

REFERENCES

Asker S. 1979. Progress in apomixis research. Hereditas 91: 
231-240.

Asker S, and Jerling L. 1992. Apomixis in plants. CRC Press, 
Boca Raton.

Battaglia E. 1963. Apomixis. In: Maheshwari P [ed.], Recent 
advances in the embryology of angiosperms, 221-264. Inter
national Society of Plant Morphologists, Delhi.

Battaglia E. 1991. Embryological questions: 16. Unreduced em
bryo sacs and related problems in angiosperms (apomixis, 
cyclosis, cellularization....). Atti della Societa’ Toscania di 
Scienze Naturali, ser. B, 48: 1-134.

BREMER K. 1994. Asteraceae. Cladistics and classification. Timber 
Press, Portland, Oregon.

BRUMMITT RK. 1992. Vascular plants families and genera. Royal 
Botanic Gardens, Kew.

Czapik R. 1994. How to detect apomixis in Angiospermae. Polish 
Botanical Studies, 8: 12-21.

Czapik R. 1996. Problems of apomictic reproduction in the 
families Compositae and Rosaceae. Folia Geobotanica et 
Phytotaxonomica 31: 381-387.

Czapik R. 2000. Apomixis in Monocotyledons. In: Jacobs S, and 
Everett J [eds.J, Grasses, systematics and evolution, 316- 
321, CSIRO, Australia.

DARLINGTON CD. 1937. Cytology. Part I. A reprint of Recent 
Advances in Cytology, second edition. J. & A. Churchill Ltd, 
London.

Davis GL. 1966. Systematic embryology of the angiosperms. John 
Wiley, New York.

Davis GL. 1967. Apomixis in the Compositae. Phytomorphology 
17: 270-277.

Grant V. 1971. Plant speciation. Columbia University Press, New 
York and London.

Gustafsson A. 1946-47. Apomixis in higher plants. Part I-III. 
Lunds Universitets Arsskrift N. F. 2, 42(3): 1-67, 43 (2): 
71-179, 43 (12): 183-370.

Haacke W. 1893. Die Trager der Vererbung. Biologisches Cen- 
tralblatt 13: 525-542.

Hayward MD. 1999. The genetics of apomixis. In: Van Raams- 
donk LWD and den Nijs JCM [eds.], Plant evolution in 
man-made habitats, 305-318. Hugo de Vries Laboratory, 
Amsterdam.

Khokhlov SS. 1967. Apomixis: classification and distribution in 
Angiosperms. In: Dubinin HP [ed.], Uspechi sovremennoj 
genetiki. I, 43-105. Nauka, Moscow (in Russian).

Koltunov AM. 1993. Apomixis: embryo sacs and embryos formed 
without meiosis or fertilization in ovules. The Plant Cell 5: 
1425-1437.

Naumova TN. 1992. Apomixis in angiosperms. Nucellar and 
integumentary embryony. CRC Press, Boca Raton.

Nogler GA. 1984. Gametophytic apomixis. In: Johri BM [ed.], 
Embryology of angiosperms, 475-518. Springer, Berlin.

Nogler GA. 1994. Genetics of gametophytic apomixis - a histori
cal sketch. Polish Botanical Studies 8: 5-11.

RUT1SHAUSER A. 1967. Fortpflanzungsmodus und Meiose apo- 
miktischer Bliitenpflanzen. Springer, Vienna and New 
York.

SCHNARF K. 1929. Embryologie der Angiospermen. Gebriider 
Bomtraeger, Berlin.

SCHNARF K. 1931. Vergleichende Embryologie der Angiospermen. 
Gebriider Bomtraeger, Berlin.

Smith J. 1841. Notice of a plant which produces perfect seeds 
without any apparent action of pollen. Transaction of the 
Linnean Society 18: 509-512.

SOLNTSEVA MP. 1969. Principles of embryological classification of 
apomixis in angiosperms. Revue Cytologie et Biologie vege- 
tales 32: 371-377 (in Russian).

Solntseva MP. 1997. On the application of double names for 
characterizing apomictic plants. Botanicheskiy Zhurnal 82: 
40-58.

STEBBINS GL. 1951. Variation and evolution in plants. 2nd edi
tion. Columbia University Press, New York.

Suomalainen E, Saura A, and Lokki J. 1987. Cytology and 
evolution in parthenogenesis. CRC Press, Boca Raton.

Tackholm G. 1922. Zytologische Studien uber die Gattung Rosa. 
ActaHorti Bergiani 7: 97-381.

Winkler H. 1908. Uber Parthenogenesis und Apogamie in Pflan- 
zenreiche. Progressus rei botanicae 2: 93-454.


	Controversy Around Apomixis

	Romana Czapik



