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The tendency of certain varieties and species of figs toward induced facultative
apomlxis when isolated flowers are exposed to various inducing agents (foreign
pollen and biclogically active compounds) has been established experimentally
and utilized in practice. The degree ¢of trait variation in apomictic plants was
studlied over two generations after treatment with various Inducing agents. Val-
uable plant forms were 1isoclated.

Introduction, Apomixis is a very common phenomencn in angiosperms dbut complex 1n its
manifestations. Many problems related to apomixis still have not been solved. It has
been repeatedly pointed out that thorough study of apomixis and its practical utilization
in breeding and seed production are necessary. Nevertheless, the signirficance of apomlxis
in the breeding and evolubion of plants has been somewhat underestimated, so that differ-
ent types of apomixis have not been adequately investigated and utilized: experiments have
been conducted for only a small number of specles, there have been comparatively few em-
bryological studies of apomixis, ete.

Apomixis 1s now utilized in several ways in the breeding of crop plants. The great-
est amount of work has been done on the production of haplolds for creatlion of homozygaus
diploid forms. Utilization of induced diploid apomixis in the bdbreeding of eross-pollinat-
ed plants with normel melosis and sexual reproducticn that are also capable of propagating
vegetatively has been on 2 considerably smaller scale. Use of induced apomlxis for sugh
plants results in development of a wide variety of forms in thelr progeny, these often
carrylng veluable recessive traits. Many years of experimentation at the Nikita Botanic
Garden with figs have confirmed this. .

Experimental Subjects and Method. We first observed the tendency of the common fig
(Pious cariea L.) toward induced apomlxils at the Nikita Botanic Garden after pollination
of ite flowers with white mulberry pollen [1, 2]. We subsequently conducted many experi-
ments to study the tendency of a large number of cultivated varileties and wild forms of
two flg specles (the common and Afghanistan figs) toward autoncmous and induced apomixis.

The tendency toward autonomous apomixis was studied in 120 common fig varietles over
a perlod of several years, 1solating the female inflorescences to keep them from being
pollinated. We also determined the degree of pollen and ovule fertility and made ¢rosses
to establish the presence of apomictic elements in the varieties under investigatlon.

The tendency toward induced apcmixis was studled in 63 fig varletles and forms. Pol-
len frem more than 25 species belonging to different famllies (applied tq the flowers
when they were fully open) was tested for induction of apomlxis., In later years, we e~
ployed various biologlcally active substances: growth stimulators, vitamins, bilogenic
stimulators, antibiotics, kinetln, adenosine triphosphate, and other compounds, whieh were
mixed with a filler (talec) and also applied to the flowers in different doses. The closed
structure of the fig inflorescence, with the florets located on the inner side of the
scape, necessitated use of a readily dispersed material (tale) as the filler, in place of
the lanolin employed for other plants.

Chromosome counts were made with permanent preparations of the rootlets of the young
apomictic seedlings; temporary preparations of the young leaflets were stalned with a mix~
ture of acetic acid and iron hematoxylin.

The developmental characteristlcs of the aponlctic émbrycs of the common and Afghan-
istan fig were studied at the Cytology and Embryology Laberatory of the Nikita Botanlc
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&eren by A. I. Zdruikovskaya and later by R, S. Homanova.

Experimental Results and Discussion. Numercus experiments conducted under botanic-
srden condiftions (in the Crimea) established that autonomous apomixis was lacking in all

; In additlon, experimentatlon revealed a tendency toward induced apomlixis in seven va-
jeties of common fig and two forms of Afghanistan fig. Development of apomictic embryos

Bnd seeds was stimulated by pollen from the 1lily, pubescent oak, mulberry, paper mulberry,
find certaln other members of the mulberry family, to which the fig belongs. Under the in-
pluence of such pollen applied profusely to the stigmata of fig flowers, seedlings devel-

Bped from the apomictic seeds and matured when cultivation conditions were favorable.

; Experiments involving use of various blologically active substances (some of which
ad mutagenie propertles) for induction of apemixls showed that only some of them caused
gevelopment of apomictlc embryes and viable secds when applied to iseolated flowers durlng
he flowering perlod [3, 4]. Of the substances tested, the strongest positive effect was
prerted by a-naphthylacetamide (NAA), mixtures of this compound with vitamins B., BE’ PP,

knd C, the patassium salt of periciliin, adenosine triphosphate, kinetin, and succinic¢ and
Bspartic acid, the latter two compounds having been tested as apomixis Inducers only dur-
bng the last two years of the study. The greatest apomlctic-seed germination rate (95-
p3%) was observed when the flowers were treated with blogenic stimulators and kinetin.

It was not always possible to obtaln seedlings from seeds contairing apomictically
Beveloped embryos, even when the strongest substances were used as Inducing agents. Un-
favorable conditions for tree growth, especially soil drought and dry alr, caused early
Ehedding of the inflorescences or young fruits. Application of a smali amount of foreign
bollen or an active compound was inadequate for tree ripening of the inflorescences, which
sontained up to 1500 florets each., Applicatlon of an excess of a blologically active com-
bound often caused accelerated ripening of the compound fruit (within 8-12 days after ap-
plication), which did not promote development of apomictic embryos or rlpe seeds.

Embryclogical investigations conducted by G. S§. Romanova in 1971-1975 (whose results
pre still unpublished)} showed that the apomictic fig embryos produced under the action of
NAA and adenosine triphosphate developed from the cells of the ovular apparatus {(from the
ova and, less frequently, the synergids). Zdrulkovskaya [5] and Romanova (unpublished
flata) detected parthenogenesis and nucellar embriony in the Afghanistan fig.

Counting of the chromcsomes in the apomictic seedlings of the common fig showed that
they were all dipleld (2n = 26). It was thus established that induced diploid partheno-
genesls takes place in the common fig. In view of the fact that apomixls is facultative
[in the [lg, while melosis and fertilization take place normally, 1t can be assumed that,
Lwhen inducing agents are applied to the fleowers, thelr actlon results In development of
proeecsses in the ovules leading to pestreductlion doubling of the chromosome number in the
ova and subsequent nuclear division accompanied by cytokinesls, Similar postreductlon
restoration of the dipleoild state in the ovum has been observed 1n other crops with a ten-
bdency toward apomixis.

The apomlictic seedlings of the triploid Afghanistan fig were wholly wviable triploid
and tetraplold plants with 39 or 52 chromosomes; there were zlso numerous aneuploid forms
f that died during the early stages of thelr development. Since two types of apomixlis were
detected Iin the Afghanistan fig, triplold apomictic embryos could develop as a result of
hucellar embriony or unreduced parthenogenesis. The tetraploid apomictle embryos appar-
;Ently developed from the ova as a result of postreduction doubling of the chromosome num-~
JbEr under the Influence of the induclng agents.

Experiments on the experimental productlon of apomictie seedlings 1n the common and
Afghanistan fig made 1t possible to ralse 3000 apomictic seedlings over three generations.

i Morphologlical and pemological study of apcmictic seedlings from seeds exposed to var-
gious inducing agents established that there was great Lralt variation in the plants of all
¥ three generations.

E In order to account for the high degree of variatlon of apomictle seedlings (hapleids
i 1n corn and c¢iploids in figs), 1t has been nypothesized that its main causes are appear-

. ance in the hapleids of traits that are in the recessive state in dipleids and production
3 0f a different chromosome complement by each haploid [7]. During subsequent postreduction

IdOubling of the chromosome number in the cell nuclel under the action of the induclng
>
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agent, the individuals produced will manifest the same degree of variation as the haploidsg
but will have greater viability.

The first-generatlion common-fig avomictic seedlings differed in the slzes of all
thelr organs, the shape, color, rlowering time, and ripening time of thelr fruits, ylelq,
and frult guality. We Isolated 12 economically valuable dry-fruilt, preserve, and table-
fruit varletles, of which five were submitted for state varletal testing. Two apomictic
seedlings, of the dry-fruit Smena and Aromatnyi Nikitskii varieties, have been approved
as a result of testing,.

Depending on the initial variety and type of inducing agent, the second-generatlon
apomictic seedlings were more or lesg valuable and diverse., When forelgn pollien was used
as the embryo~development stimulator, the second apomictic generation exhibited signs of
depression or resembled wild-type planfs, Wild-type apomictic seedlings appeared in the
first generation for some initial varieties (Calimyrna). The second-generation apomictic
seedlings exhiblted weak annual growth, slender shoots, small leaves and fruits, uniform-
ity of frult coloration, and a mediocre flavor.

The apomictic seedlings obtalined as a result of treatment of flowers wlth blological-
ly active substances (NAA, the potassium salt of penicillin, etc.} displayed a totally
different pattern in the second generation. These plants were characterized by great di-
verslity of traits, including large differences in growth vigor and frult coloration, size,
shape, and quality. Indilvidual strong seedlings gave very large frult ylelds, with the
fruits and leaves having an unusual shape. Some plants completely lacked downiness on the
skin of the fruit, a trait typical of all fig varietles. The flowers often had a modified
form and the fruits contained very small seeds. All this indicated that the Iinducing
agents undoubtedly affected the formation of the apomictic seedlings, an effect especlally
pronounced in the second generation. Inducing agents apparently not only delay the shed-
ding of unpollinated inflorescences but also stimulate doubling of the chromosome number
In the ova and cause development of apomictic embryos (on which they then have a mutagenic
action). The closed inflorescences of the fig promote prolonged retentlon of substances
Introduced into them and hence facilitate their action on the developing embryo.

Conclusions. A study conducted at the Nikita Botanic Garden established that certaln
flg varieties and- species have a tendency toward induced facultative diploid apomixis,

Types of pollen and biologically active substances that cause development of apomice
tic embryos and viable seeds in figs were Isolated.

Highly polymorphic apomictic seedlings with economically valuable tralts were ralsed.
Forms with valuable recessive traits were detected.

It has been hypotheslzed that the agents used to induce apomixis in figs in our ex-
periments not only promoted doubling of the chromosome number in the ova during the post-
reduction period and stimulated further development of the apomictic embryos but also had
a definite mutagenic effect.
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