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Actuality of the topic and justification- Feijoa (Feijoa sellowiana berg) takes one of the

important places among other sub-tropical fruit trees. Its fruit contains free iodine, vitamins
(C, P, B1, B2), pectin, sugar, various micro and macro elements. Consequently the fruit is of
versatile (dietary-treatment) usage. However, the interest towards it and the size of the area
it graws on is decreasing, particularly in Ajara region. This is due to the lack of awareness in
the inhabitants around the relevant technologies and agrorules for the mentioned culture.
Moreover, fruitbearing strongly depends on species as well as some biogenetic related
peculiarities. In partuclarly this cncerns male self-sterility and self non-compliance.

Out of the species introduced in Georgia earlier (Allegro, Superba, Coolidge, etc.)
Choiceana is the one that relatively better got used to the local soil and climate conditions.
Investigation of the form variety of the presented type, revealing useful from the agricultural
point of view forms including self-fertile ones, studying their biochemical as well as
selective-genetic and biological characteristics of propagation tend to be the actual issues and
require multi-sided approach and the relevant scientific work.

Research Goals and Tasks-the goal of the presented research is to investigate the biolo-

gical diversity of Feijoa species and forms spread in the western part of Georgia (Ajara, Guria,
Samegrelo), investigate the change of quantitative and qualitative signs, overcoming self-
sterility, genetic characteristics of isolation and biological specifics of growth and
development. In order to reach the defined aims the following tasks have been defined:
- to carry out surveys through expeditions in three ecological zones in Georgia (Ajara,
Guria, Samegrelo) and investgate biological variety of forms on the level of organism and
cell;
- genetic analysis of isolation of generations of Feijoa slef-fertile forms Fi1 and F: and
defintiom of possibilities of getting homozygous lines to overcome male self-
incompatibility;

to investigate the frequency of natural spread of self-fertile forms of Feijoa and the

indicator of pollen grain fertility;

to observe plant phenophases and reprodactve activity to reveal early-season and large size

fruit forms;

43



- to carry out biochemical investigation of Feijoa perspective form fruit and elaborate
effective methods and modern technologies of propagation (through applicaton of cutting
and in vitro cultures).

Research cobject, material and method: the research object was Choiceana, variety of

Feijoa mainly spread in three ecological zones of the western Georgia: Ajara, Guria and
Samegrelo. The variety of Feijoa forms were studied through expedition-investigation of
plants, although basic plots have been defined: Batumi Botanical Garden in Ajara,
Akhalsopeli, Supsa and Naghobilevi in Guria and Nosiri experimental base in Samegrelo.
The investigation envisaged arrangement of scientific expeditions as well as
laboratory work.

Laboratoty work mainly comporised of mechanical, organoleptic analysis of fruit and
cytogenetic research (structural transformation of chromosomes, development of male
gametophyte, fertility and sustainability of pollen grains, mitotic activity of cell division,
etc.) Plant phonological phase development was studied in annual dynamics: beginning and
ending of I and II vegetation, beginning of budding and flowering, massive flowering and
ending of flowering, productivity and characteristics of growth and development of seedling
at juvenile as well as adult age (Kikvidze and Osava 1999).

Cytogenetic investigations were carried out through the application of widely
recognized methods (ITyxanbsckwuii...2007).

Biochemical indicators were investigated through classic and high pressure liquid
chromatographic method.

The results of biometric measurements were processed through the application of
dispersive analysis ([locrrexos 1985, I'epacekus...2010).

Experimental data were also processed through the method of statistical variance with
the help of special computer software (Graphpad prisma 6) (P<0.05).

Material-technical base: BSU Phytopathology and Biodiversity Institute, Department of

Monitoring of Biodiversity and Conservation, Immunogenetics and Biotechnology Lab of
BSU Biology Department; BSU Institute of Agrarian and Membrane Technologies,

Department of Chemical Analysis and Food Security; LtD “Jeomacs International” in vitro
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laboratory in the region of Khelvachauri. Biotechnological Department of Minsk Fruit
Production Institute.

Literary Review: the research deals with the history of Feijoa propagation, its

botanical-systematic description, public and industry importance, variety of species,
biological specifics of growth and development and modern status, problems of selective-
genetic investigation.

Approbation of Dissertation: Approbation of the presented dissertation took place at

the Department of Biology the Faculty of Natural Sciences and Health Care at Batumi Shota
Rustaveli State University (minutes of meeting N°13/ 05.07.2016 ).
The results of the research that became the basis of the given work were presented at the
scientific council board of the Institute of Phytopathology and Biodiversity of Batumi Shota
Rustaveli State University (Kobuleti 2014, 2015), international scientific conference-“Kolkha
2009”7 (Kutaisi 2009), scientific conference of students and young scientists —“Ajara,
Sustainable 2016).

Publications: 10 scientific works have been published around the dissertation topic
out of which 3 were publishd in peer reviewed journals and 1 in the journal with impact
factor classification.

Dissertation volume and structure: The dissertation consists of 135 computer printed

pages. It comprises of the introduction, five chapters, 12 sub-chapters and conclusion. 21
tables, 30 photos, 16 graphs and the list of the literature including 119 items out of which 78

are in foreign language, are attached to the dissertation.
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Chapter I. Biological Characteristics of Growth and Development of Feijoa
Forms Spread in the Western Georgia and Their Reproductive Activity

Chapter I. 1. Features of Development of Phenological Phases in Feijoa

The investigation of the cycle of vegetative rhythm of Feijoa spread in the West of
Georgia revealed that there are mainly two phases of growth in the vegetative period of the
plant. After the period of winter dormancy is over, it starts grawing in spring. This period
coincides with time when the average temperature of air is more than +11°C. The period of

the beginning of vegetation varies among the regions as well as within one region (table 1.)

Table 1

Phenology of the Selected Forms of Feijoa According to the Wave of Growth
(2010-2012 average)

I vegetation II vegetation
I Duration Period Duration
o0 60 of between I of II
5 Forms g %" a" E vegetation and II vegetation
.gn # 5; | g é’ Day vegetation day
& L £ @ day
o Control 06. IV 26. VI 18. VIl | 23.XI 78 57 97
% 89 05. 1V 28..VI | 21. VIl | 30.XI 83 53 99
88 08. IV 04..VI | 25. VIl | 02.XI 56 81 67
Control 13. IV 05.VI | 22.ViIll | 02.XI 52 87 70
'E 74 16. IV 08. VI 28. VIl | 05.XI 52 80 67
5 78 17. 1V 06.VI 27.VIIl | 07.XI 49 81 70
71 29. 1V 23..VI | 13. VIl | 27.XI 55 80 50
Control 12.1v 01.vI | 20.vill | 01.XI 49 81 71
% 61 14. IV 02.vI 22.Vill | 02.XI 48 80 70
:5')0 73 16. IV 08. VI 28.VIIl | 05.XI 52 80 67
E 83 15.IvV 04.vI 20. VIl | 02.XI 50 76 72
@ 87 05.1Iv 25. VI 16 VIII. | 28.XI 81 52 104

The first wave of vegetation coincides with the first part of the second decade of
April. This is the earliest period of the first vegetation, whereas the latest period is in the
third decade of April. The first period of growth mainly lasts till the first decade of June,
while for some forms it can last till the end of June with the duration ranging from 49 to 83

days.
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Based on the duration of the beginning and ending of vegetation, selected forms differ
from the control ones the majority of which start vegetation relatively late. In the context of
the beginning of the vegetation period, differences can also be observed among the regions.
The Plants in Batumi Botanical Garden enter into vegetation earlier than the plants in Guria
and Samegrelo regions.

Out of the plants being under the investigation the form N 87 is the earliest to start
the vegetation. As for the plants in Guria they start vegetation in the second decade of April
with the form N 71 as the exception, the vegetation of which starts in the III decade of April.

The second wave od vegetation mainly coincides with the third decade of August and
lasts until I decade of November. A Long-term observation revealed that experimental
plants start vegetation relatively late in comparison to the control plants. Forms N 74 and 73
are distinguished as the ones that start I vegetation comparatively late. Forms N88, 74 and 73
are distinguished with the duration (67 days) of the second vegetation period. Form N 87
which exists in Samegrelo region is characterized with the relatively long period of growth.
The second vegetation period of this form lasts up to 104 days.

In accordance with the periods of beginning of budding differences can be observed
inside one as well as among the regions. For example, the beginning of budding in Ajara
coincides with II decade of April (the plants in Batumi Botanical Garden start budding this
period too). The process of budding starts relatively late in Samgrelo and Guria regions (I
decade of May), which is explained as due to relatively low temperature in the region by this
time.

Massive budding mainly coincides with III decade of April or I decade of May. The
duration like the beginning period varies based on the separate forms and makes up 8-9 days
(table 2).

The longest period for the massive budding (12-15 days) characterizes the forms
existing in Samegrelo region (NeNe 61, 73), while the shortest period (4-7 days) is typical for
forms NeNe 78 and 87.

The beginning of flowering and duration is although insignificantly, but still
changeable. Massive flowering coincides with the 3™ decade of May for all forms when the

average temperature of air equals to +19-21°C.
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The duration of flowering period ranges from 29 to 45 days. Experimental forms of
Feijoa end flowering period 4-5 days earlier in comparison to control forms and this period
can last for 29-33 days.
Table 2
Biology of Flowering of Selected Feijoa Forms

(2010-2012 average

Budding Flowering biology o~

&

=

on

g

§ | form NeNe o0 g 3;

= B

g 25-1 D SN 1 B

& g B B g G 5 o S

< £ o = a 2 c g

p":q’ = oy = o | ‘B 3

S B ‘8| E

= 2 A

o Control 12.IV | 17.V 24.V | 14VI | 0LVl 37
=
o

'E‘ 89 14.1IV 12.v 20.V 15.VI 05.vil 45

88 13.1IV 14.v 21V 17.VI o3.vil 42

Control 07.v 16.V 24.V | 12.VI 25.VI 31

« 74 09.vV 18.v 26.V 14.VI 27.VI 31
E

O 78 10.v 21V 25.V 17.Vi 25.VI 30

71 09.vV 17.v 27.V 23.VI 26.VI 29

Control 13.1v 12,V 23.v | 12.VI 26. VI 34

% 61 16.1IvV 14.v 26.V 16.VI 29.VI 33
=

%0 73 14.1IvV 11.v 27.V 17.VI 27.VI 30

§ 83 15.1vV 12.v 22.V 13.vI 25.VI 33

87 10.v 20.V 25.V 18.vI 26.VI 31

Chapter L. 2. Reproductive Activity of the Selected Forms of Feijoa

Out of the plants being investigated the fruit of Feijoa ripens the earliest in Batumi
Botanical Garden and overtakes the same indicators in Guria region by 10-15 days. As far as

concerns Samegrelo region early season plant forms are relatively frequent here. We come

48



Table 3

Change of Fruit Repening Period in Selected Feijoa Forms

.S Beginning of | Ending of fruit | Duration of fruit
P | Name of f fruit Fioert Lo o . d
< ame of forms it ripening ripening ripening perio
days
3 Control 5.X 25.X 20
-% 89 10.X 29.X 19
88 14.X 30.X 16
Control 23.X 10.XI 17
g 74 21.X 09.XI 18
&) 78 23.X 10.XI 17
71 20.X 05.XI 15
Control 17.X 03.XI 16
@ 83 7.X 23X 16
%’3 73 15.X 05.XI 20
A 61 17.X 03.XI 16
87 14.X 29.X 15
Table 4
Fruit-bearing of Selected Feijoa Forms
(2010-2012 average)
S
.5,0 Forms 2010 2011 2012 Three years old
o Ne Kg. Kg. Kg. Average kg
Control 35 29 27 30
s
.8 89 40 26 39 35
<
88 25 30 33 28
Control 26 35 42 34
o 74 38 28 4 36
E 4
O 78 48 43 30 40
71 38 6 29 24
Control 26 18 16 20
9 61 14 28 16 19
[]
& 73 32 38 8 26
g
] 83 25 39 27 30
87 35 7 42 28
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across with early season (N° 89, 83 and 87), late season(N°74, 78 and 71) as well as mid season
(Ne73, 88) forms among the ones selected for carrying out the investigation, however it must
be underlined that the plants in Batumi Botanical Garden enter the phase of ripeness more or
less late in comparison with the control plants (table 3.)

According to fruit-bearing indicator there is apparent difference among the forms. For
example, the most fruit-bearing (40 kg) appears to be a large-fruit form N°78, while forms
NeNe 89, 74 and 83 reveal average fruit-bearing level. Forms Ne 61, 73 and 88 (table 4) belong
to relatively low fruit-bearing types.

Chapter I. 3. Features of Change of Morphological Characteristics in Feijoa
Feijoa plants spread in the research regions (Ajara, Guria, Samegrelo) greatly differ

from each other according to their morphological characteristics. Out of the forms selected
by us the forms NeNe 89, 88, 78 and 71 (80-100 g) happen to be the most large fruit types,
while the form Ne61 belongs to the smallest fruit type of forms. The rest of the forms take
intermediate position in the regard of the above mentioned (graph 1). The dimension of
change of the leave morphological features (length, leaf area index, width, petiole) is wide,
Out of the forms selected by us the forms NeNe 73, 83 (7-8 cm) are distinguished with the leaf
length while the given indicator is the lowest in the form Ne 88 (5 cm); average leaf width
is also high in the form Ne 73 (4,8 cm), while this indicator is the lowet in the forms NeNe 88,

89;

100

Bﬂ I-I L |

40 - = ; :
B ” ﬁl“
o - M il . . J.i_

e Al % g
FEL FEEE

Fruit mass, gr.
3

&"‘&&&&

Form name

Graph 1. Change of Fruit Mass in the Selected Feijoa Forms
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a-Ajara, b-Guria, c-Samegrelo
As for the leaf area index , it is reliably low in the form Ne 83 (9,8 cm?), while the other forms

take the intermediate position (graph 3) in this regard. Average length of petiole is high in
the form Ne83 while the forms NeNe 89, 88 and 61 (graph 2) are characterised with relativrly low

indicator.

» CM.

Arerage length of petiole
© M N W & ! oo N 6

B Average length of leaves
B Avcroge width of lcoves

™ Average length of petioe

Average length, width of leaves

Ferm name

Graph 2. Change of Biometric Characteristics of the Selected

Feijoa Forms a-Ajara, b-Guria, c-Samegrelo

A B G

Leave area, cm?,

Graph. 3. Change of Leaf Area Index in the Selected Feijoa

Forms a-Ajara, b-Guria, c-Samegrelo
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Chapter I. 4. Capacity of Feijoa Seed Field and Laboratory Germination;

their Dependence on Environmental Factors

In the conditions of the average temperature of air which equals to 20-25 C° Feijoa seed
starts germination and emergence 13-25 days after seeding. This process starting from
seeding including the final emergent lasts for 40-45 days. Plants enter the phase of massive
emergence mainly in 20-25 day after seeding, while the seed emergence process ends after
45-50 days. As regards the emergence capacity it ranges between 65-87%. The lowest per-
cent of emergence is detected in NeN°71 and 73 forms, while the highest indicator (85-87%)
is revealed in NeNe61, 89 forms and the control versions (table 5).

Table 5

Capacity of Feijoa Seed to Germinate Under the Field Condition

E
Germination biology ;‘-’fn gb
o Forms o 3] g
S g g E 88 s
%D Eo (] A b= g 2 = bt ﬁ 25 8 Q\’
& <8 EE 28|28 A° %k
P4 RE | SE R ! |2
« ) ) v =] Q
o0 o0 O Z
Control 20.03 13.04 | 23.04 | 05.05 45 | 170 | 85+2,5
«
,% 89 20.03 06.04 15.04 12.05 52 | 166 | 83%2,6
88 20.03 03.04 15.04 | 02.05 42 | 130 | 65#3,3
Control 20.03 | 12.04 | 30.04 | 07.05 47 | 150 | 75£3,0
'g 74 20.03 08.04 10.04 | 06.05 36 | 155 | 77+3,0
O 78 20.03 16.04 | 30.04 | 07.05 47 | 160 | 80+2,8
71 20.03 14.04 20.04 02.05 32 | 140 | 704£3,2
Control 20.03 | 09.04 | 22.04 | 04.05 34 | 175 | 87+23
-T'g 61 20.03 07.04 | 21.04 | 01.05 31 | 167 | 83%2,6
g0 73 20.03 09.04 | 22.04 | 04.05 34 | 130 | 65+3,3
§ 83 20.03 08.04 17.04 | 08.05 48 | 158 | 79+2,8
87 20.03 | 03.04 18.04 10.05 40 | 145 | 72432

Note: 200-200 seeds in each variant
In order to identify the optimal conditions for germination and emergence of Feijoa seed
four different substrates were used for seeding by us (1. Construction sand washed and

sterilized under 160°C in drying oven, 2. Perlite 3. Peat perlite (1:1), 4. Biona) and
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cultivation room with the permanent temperature of 28-30°C. Seed germination and
emergence appeared possible to take place in comparatively short period of time within the
above mentioned substrates than in case of application of river sediment.

In case of seeding in Biona and construction sand the first emergent appeared in 6
days after seeding, while it took several days more (3-4 days) to the emergent to appear from
peat and the combination of peat and perlite.

The given method of seed germination and emergence can be successfully used to get
seedling from self-fertile forms as well as emergent and primary roots for cytogenetic

researches.

Chapter II. Biological-genetic Characteristics of Feijoa Flower Formation

and Overcoming male Self-fertility
Chapter II.1. Genetic Characteristics of Isolation of Self-fertile Forms Revealed in Various

Ecological zones of the Western Georgia (Ajara, Guria, Samegrelo) in Fiand F2 generations
Generation F1 of Feijoa self-fertile forms are characterized with high level of
heterozygosity; we can get genetically nonhomogenous generation (pure lines ) from it in the

4t 5t geperations.

Table 6

Genetic Peculiarities of of Transfer of Characteristics in F2 Generation
in Feijoa self-fertile Forms

Name of Number of Marked sign Characteristics maintained
forms plants Number %
NeNe investigated
88 115 Fruit size 65 56,5+ 4,6
Fertility 57 49,6+4,7
89 125 Early-ripening ability 71 56,8+4,4
Fertility 63 50,4+4,5
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Researches in the directions started from 2009 on F2 generation of triennial plants. In
the second year of entering into flowering phase (2010) the flowering branches of self-fertile
plants under Pollen were isolated with gauze bag in order to exclude any possibility of cross-
pollination. In the fruit ripening period (October-November) genetic analysis of isolation of
F2 generation was carried out based on the marked signs (table. 6)

As the data presented in table 6 reveal, marked signs were maintained by double time
higher number of plants (50-56 %), than it was in case of F1 generation (20-30 %). The
growth tendency of the underlined indexes indicate that the quality of heterozygosity
increases twice in every next inbreeded generation. This will give the possibility to get pure
lines of self-fertile forms, non-isolateds generation of uniform genetics according to the

marked signs.

Chapter I1.2. Vitality of Pollen Grains of the Selected Feijoa Forms

In order to investigate the biology of Pollen grain of the selected Feijoa forms 1% Agar-
agar solution and solution of sucrose of various concentrations (20%, 30%, 40%) on two
expositions (12 and 24 ) were used, while two methods (with acetocarmine and iodine) of
coloring were applied to define the fertility and sterility of Pollen grain.

While examining under a microscope it was easy to identify the fertile pollen grains; they
are dark violet or almost black when colored with iodine solution; as for sterile pollen grains

they either stay uncolored or become light violet.

270
260
250
240
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Pollen grain, area sq.um
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200 +
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Graph. 4. Change of Feijoa Pollen Grain Area (sq.Hm).

a-Ajara, b-Guria, c-Samegrelo
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The shape of Feijoa pollen grains is various (roundish, elliptic, oval, etc.), however 98% of
them are of triangle form. As for the size of pollen grains as we see them in the graph (graph
4) the area of Feijoa pollen grains selected by us for the investigation is almost similar and
ranges

Table 7
Germination Ability (%) and Germination Energy, under Different Sucrosa Concentrations,

of Pollen Grains of Feijoa Forms Spread in Ajara, Guria and

Samegrelo Regions

Name of In 12 hours after seeding In 24 hours after seeding
form
g " Concentration Concentration
G 20 % 30 % 40 % 20 % 30 % 40 %
61 1.10+0.00 | 1.40+0.02P | 2.00+£0.02 | 13.60+0.03 | 16.00+0.2 | 34.60+0.13
p<0.0001 | p<0.1481 | P<0.2630 | p<0.0001 | p<0.0001 | p<0.0001
73 1.20+0.01 | 1.50+0.02 | 1.90+0.00 | 15.50+0.01 | 18.30+0.05 | 36.40+0.46
@ p<0.0001 | p<0.0046 | p<0.0287 | p<0.0003 | p<0.0001 | p<0.0001
jﬁ? 83 1.11+0.01 1.30+0.03 1.80+0.03 | 14.60+0.11 | 16.70+£0.22 | 34.30+0.10
. p<0.0001 P<0.0185 P<0.0047 | p<0.0001 | p<0.0001 | p<0.0001
87 1.20+0.02 | 1.10+0.02 | 1.50+0.01 | 13.60+0.04 | 15.50+0.15 | 34.80+0.07
p<0.0001 | p<0.0001 | p<0.0001 | p<0.0001 | p<0.0001 | p<0.0001
74 1.30+0.01 | 1.60+0.03 | 1.80+0.01 | 16.20+0.03 | 17.40+0.14 | 35.7+1.30
p<0039 p<0007 p<0.0001 p<0.0001 p<0.0001 p<0.0001
o 78 1.20+0.03 1.2+0.01 2.01+0.06 | 15.80+0.05 | 18.10+0.27 | 35.8+1.35
é p<0.0005 | p<0.0001 | P<0.8799 | p<0.0001 | p<0.0001 | p<0.0001
71 1.20+0.01 | 1.30+0.03 | 1.70+0.04 | 16.10+0.03 | 19.40+0.15 | 36.70+0.10
p<0.0001 p<0.0262 p<0.0011 p<0.0001 p<0.0001 | p<0.0001
88 1.10+0.01 1.5+0.03 2.0£0.07 | 17.60+0.10 | 20.10+0.03 | 36.70+2.00
3 p<0.0001 | P<0.0185 | P<0.2080 | p<0.0001 | p<0.0001 | p<0.0009
'5* 89 1.30+0.03 | 1.40+0.03 | 1.90+0.01 | 18.04+0.19 | 21.70+0.07 | 37.20+1.11
P<0.0222 | P<0.2054 | P<0.0378 | p<0.0001 | p<0.0001 | p<0.0001
Control 1.40+0.01 1.40+£0.01 2.00£0.05 | 20.10+0.01 | 24.30+0.11 | 47.10+£0.21
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between 221-262 sq.um. Relatively smaller area of pollen grain can be distinguished in the
flowers obtained from Feijoa in the region of Samegrelo (221-240 sq.pm ). In comparison to
the variant selected for pollen grains of the samples Guria region take the intermediate
position with the area of between 221 and 244 sq.pum. Relatively bigger area of pollen grains
were observed in the flower pollen obtained in Ajara region (244-245 sq.pm)

After applying various feeding environment it was revealed that the concentration of
sucrose influences the germination capacity of Feijoa pollen grain. The data presented in
table 7 display that the % of germination of Feijoa pollen grains in 12 hours after seeding is
low in all three ecological zones and ranges between 1,2%-2.0%. Moreover, it is the highest
after application of sucrose of 40%. The % of germination significantly increases within 24
hours after seeding and reaches its peak (35-47%) under 40% sucrose concentrations.
Although in the most species of plants the development of spermines takes place in
ungerminated pollen grain, in Feijoa it develops in the pollen tube of sickle shape.

As for the correlation between fertile and sterile pollen grains, as we can see in the
table 8, the amount of pollen grains in form Ne88 is 96,1+0,4 %, while for sterile it is-
3,9+0,4 %; The largest amount of fertile pollen grains (99,1+0,2%) was identified in the form
Ne74, when the smallest number (52,7+0,9) was detected in the form Ne71.

Table 8
Number of Fertile and Sterile Pollen Grains in Different Forms of Feijoa

Name of Feijoa Forms Number of Pollen grains %
e Fertile Sterile
Ne88 96,1+0,4 3,9+0,4
Ne89 86,2+0,6 13,8+0,6
Ne71 52,7+0,9 47,3+0,9
Ne74 99,1+0,2 0,9+0,2
Ne73 81,6+0,0,7 18,4+0,7

Note: 3000 pollen grains have been analyzed in each form
Thus in fertile forms of Feijoa the number of fertile and sterile pollen grains differ and it

ranges between 52-99% in fertile forms, while in sterile forms it is from 0,9 to 47,3%.
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Chapter II. 3. Characteristics of Mitotic Activity and Structural Transformation
of Chromosomes in Feijoa
Investigation of mitotic activity (mitotic index) in various forms of Feijoa revealed
statistically reliable differences in accordance with ecological zones (table 9).
Table 9

Mitotic Activity of Cell in Feijoa According to Ecological Zones

Number of cells Mitotic Correlation of mitotic phases, % out of the total
S index number of analyzed cells
‘EO %
S Forms
Total | Mitotic Prophase | Metaphase | Anaphase | Telophase
Control 5181 181 3,5+ 0,3 15 1,1 0,5 0,4
g 89 6280 | 280 4,50,3 2,2 11 0,9 0,2
5
88 6256 256 4,1 0,25 18 16 0,5 0,2
Control 5304 304 5,7£ 0,3 2,2 2,0 0,6 0,9
71 5250 250 4,7+0,3 17 16 0,9 0,6
(2]
‘g
] 74 5291 291 5,5+ 0,5 2,0 12 13 1,0
78 5259 259 49+0,3 2,0 14 10 04
Control 5324 324 6,0+ 0,1 2,3 16 1,0 12
° 61 5338 338 6,3+0,3 2,6 2,0 0,8 0,9
]
[
[=Te]
£ 73 5348 348 6,6£0,3 3,0 1,9 18 0,1
A
87 4335 335 7,610,4 33 16 1,5 12

Cell division mitotic activity appeared to be the highest (6,0-7,6 %) in the forms revealed
in Samegrelo region, while the mentioned indicator does not exceed 4, 5% in Ajara and 5,7%
Guria regions.

The results of a comparative analysis between the selected Feijoa forms and the
control variants revealed that there are not any significant differences between them. Ajara

region appeared to be an exception with the reliable higher indicator of the mitotic activity

in both
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forms under the investigation then in the control forms. High mitotic activity (7,6+0,4) has
also been detected in one of the forms (N°87) in Samegrelo region. In general Samegrelo
region is distinguished with statistically higher indicator of the mitotic activity in
comparison with other regions. The number of prophase cells is 2-3 times higher than those
of ana and telophase, however the mentioned indicator excluding some exceptions, is
reliably higher than the number of metaphase cells. In the total number of mitotic cells
metaphase is the second after prophase, where the number of cells is rarely similar; this
indicates to the same time of their occurrence.

The results of the investigation of mitotic activity in 24 hour dynamics revealed the
highest (5,6%) indicator of Feijoa cell division at 18:00 and minimum (1,5%)-02:00 o’clock
(table 10).

Table 10
Dynamics of Mitotic Index in Feijoa (Choiceana-Variaty)

Fixation time Number of Number of cells Mitotic index
(hr) roots Analyzed Mitotic %
6 32 6000 149 2,48 + 0,20
10 35 6000 185 3,0810,20
14 30 6000 219 3,65+0,24
18 28 5000 284 5,6810,33
22 30 6000 157 2,62+0,20
02 30 6000 91 1,48+0,15

The influence of mutagenic factors (internal and external) is firstly reflected in
chromosomes through various changes. As the data presented in table 11 reveal, structural
changes of chromosomes in Feijoa forms (changed frequency of ana and telophases) differ
according to the regions. The highest indicator (2,4-3,0 %) of frequency was detected in
Samegrelo region, while the lowest data (1,1-1,7 %) —in Ajara region. Guria takes
intermediate position in this regard. The scope of chromosome transformation includes

fragments and rarely bridges and circulary chromosomes.
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Table 11

Frequency of Natural Mutation of Chromosomes in Feijoa

According to different ecological zone

Number of ana and

N Number of changed (by anomalies)
'§° Forma telophases ana and telophases
~ Number %

N Control 635 7 1,1+0,4
8, 89 721 9 1,104
< 88 650 11 1,7¢0,5

Control 593 8 1,3+0,5

- 71 750 10 1,3+0,4
5 74 769 11 1,4 10,4
78 695 13 1,9+0,5

o Control 603 14 2,3+0,6

& 61 618 15 2,4+ 0,6
é 73 705 18 2,6 0,6
A 87 709 21 2,3+0,6

Chapter III. Some Physical and Chemical Indicators and Antioxidant Potential

of Choiceana the Variety of Feijoa Cultivated in Sub-tropical Zone of Georgia

We have investigated ogranoleptic and technical characteristics of the selectef Feijoa

forms. The results of the investigation reveal that form N°78 in Guria region is distinguished

with the largest fruit size (average weight 96,1g); Two forms -N°N°88 and 89 (relevantly 87,9
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H Fruit eght

M Fruit diameter

Graph. 5. Technical Characteristics of Fruit of Selected Feijoa Forms

a-Ajara, b-Guria, c-Samegrelo
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and 83,4 grammes) selected from F: in Batumi Botanical Garden take the second position in
the context of the above mentioned. The forms in Samegrelo region are distinguished with
relatively smaller fruit. In this regard the form Ne61 (5,46 grammes) is of particular
importance which represents the form with the smallest and the latest season fruiting (graph
5).

According to the average fruit volume the difference is small inside a region as well as
among the regions (from 41,0 ml® to 55,0 ml®). Samegrelo region tends to be an exception in
this context (graph 6).

Dry matter content in fruit juice was defined by digital refractometer (Toledo
manufacturing) under 20 C° conditions, while for the whole fruit the drying method was
applied; titratable acidity was defined through the application of titration method by
recalculating for apple cider vinegar. The results of the investigation through the application
of refractometer revealed the highest indicator of the dry matter content in fruit juice in
Guria region (form N°74-11,4%), while Ajara region is the second in this regard (form N°88-

9,6%); Samegrelo region is the last with this indicator (graph 7).

gl A B . G 1
E i %
ﬂ; A0 - S _I S NN - - =
£
E
g 30 B8 - -
22018 2 B BB —
@
?m--————— . = .
a
E I
g = W =B =B B W B e W .
FHPH S oD D
FFE P S

Form name

Graph 6. Average Volume of Fruit of Selected Feijoa Forms
a-Ajara, b-Guria, c-Samegrelo
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The results of the analysis performed through the drying method revealed that forms
NeNe61,73 (relevantly 20,2-21,3%) in samegrelo region have the highest indicator of dry
matter content in the fruit, while the form Ne89 in Batumi Botanical Garden revealed
comparatively lower indictor (12,2%); Guria region takes intermediate position in terms of
the mentioned indicator. Based on the application of the titratable acidity method results the
difference among these three regions is not big (1,1-2,2%).

In terms of high level of invert sugar (2.0-2,3%) and sucrose (2,5-2,6%) we can
distinguish the region of Guria. High level of sucrose (2,3%-2,1%) has been recorded in the
selected form in Batumi Botanical Garden. The given indicators appear to be low in the
forms selected in Samegrelo region. High indicator of the total sugar (4,8-4,6%) is
particularly significant in Guria region (graph 8).

The highest level of content of soluble (0,77%), proto (0,67%) and total pectin (1,44%)
was recorded in the forms of Guria region (form Ne74) while relatively low indicator was
revealed in the samples from Ajara region (soluble pectin 0, 48-0, 32%, Protopectin 0,40-
0,26%, total pectin 0,88-0,58%). Samegrelo region takes an intermediate position according

to the given indicators.
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Graph. 8. Sugar in Feijoa Fruit
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Graph. 9. Concentration of Pectin and Fiber in Feijoa fruit
a-Ajara, b-Guria, c-Samegrelo

As for cell the highest indicator of it is in the fruit taken from Guria region (5,4-7,3%), while
Samegrelo region is in the second place (5,1-6,7%); a low indicator was revealed in the forms
selected in Ajara region (graph 9).

The indicator of the content of total iodine is reliably high (521 micro gram/kg) in the
samples taken from Batumi Botanical Garden. In the regard of the mentioned a relatively

low
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indicator (265-442 micro gram/kg) has been identified in the samples takes in Samegrelo

region.
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Graph 11. Change of Iodine in Feijoa Fruit (by calculation on the raw mass).
a-Ajara, b-Guria, c-Samegrelo
while Guria region takes intermediate position (357-391 mkg/kg) with the above given
indicator (graph 10). Almost similar differences have been recorded according to the iodine
content indicator based on the calculation on raw mass (graph 11).
A low level of vitamin C content charaterises the form N°78 (43,9 mg/kg). In this

regard the following forms follow the last: NeNe73,83 (30,5-25,3 mg/kg); in the samples taken
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in Batumi Botanical Garden the indicator of vitamin C content ranges between 20-22 mg/kg

(graph 12).

Yitamin C (mkg/kg).
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Graph. 12. Change of Content of Vitamin C in the Fruit
of Feijoa a-Ajara, b-Guria, c-Samegrelo
We have defined the qualitative and quantitative indicators of catechine only in four
forms. 3 catechine and 2 flavonoid glycosides- guajaverin and hyperin-have been identified
in the fruit.

Out of the forms selected the highest indicator of catechine (0.56 mg/g) has been recorded
in the form Ne87 while the low indicator (0.14 mg/g) in the form -N°¢71 (Guria region).
Similarly a high level of content of Epicatechine (0.49 mg/g), as well as Epigallocatechine
(0,21 mg/g) has been identified in the forms selected in Samegrelo region - Ne87 (table 12). It
was possible to identify Catechine (C1sH14Os, mass 290.079 m/z 289.06), Epicatechine
(C15H1406, mass 290.079, m/z 289.00), and Gallocatechine (306.0740 Ci15H1407, mass m/z
304.91) through the application of mass-detectors with wultra high pressure liquid
chromatography.

The level of amount of Flavonoid in the samples taken from Samegrelo region (73 and 87)
is high (0,81 and 1,3). The forms do not significantly differ from each other according to the
quanlitative content of Flavonoid. Antioxidant activity of fruit, in the research objects

selected by us has been defined only for Guria and samegrelo regions.
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Table 12

Qualitative and Quantitavive Content of Flavonoids and

Catechines in the Fruit of Feijoa (mg/g)

Regions Guria Samegrelo
Feijoa
Feijoa Forms 71 74 73 87
Catechine G 0.14 0.12 | 0.28 | 0.56
Epicatechine EC 0.12 0.10 | 0.25 | 049
Epigallocatechine EGC 0.05 0.04 | 011 | 0.21
Catechine sum 0.356 | 0.299 | 0.710 | 1.404
Flavonoid sum 0.61 0.48 | 0.81 1.3
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Graph 13. Antioxidant Activity of the Fruit of Feijoa
Guria (N°N274, 78, 71); Samegrelo (NeNe61, 73, 83, 87).
Out of the samples the highest indicator of inhibition has been recorded in the forms NeNe

83, 73 (80,0-74,0%), while the low indicator of the mentioned activity is typical for the the

form in the region of Samgrelo N°61 (55,8). Antioxdant activity is also high (72-85 %) in the
forms NeNe 74, 78 in Guria region (graph13).
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Chapter IV. Biological Characteristics of Vegetative Propagation of Feijoa

With the purpose to develop the technologies for vegetative propagation of Feijoa,
the investigation through the application of cutting as well as budding and in vitro methods
has been carried out. Cutting was carried out in August on the experimental parts prepared
in advance. A combination of burned manure and river sand was used for substratum. The
length of cutting ranged between 8-10 cm, while the diameter-4-5mm. While cutting the
hormone of growth P indolilbutuzic acid of 5-7ml/I concentration with maitaining 24, 48 and
72 hour exposition was applied.

The date presented in the table 13 reveal that the application of 3 indolilbutuzic acid
for rooting Feijoa does not appear to be effective, although the results are significantly
different from the control ones (1% in control plants instead of 11% in experimental
variants).

Callus started to develop on cuttings in 1,5-2 months after cutting, while it took 3-3, 5
months the root system to start development. The results of the investigation revealed that
the height of the average annual growth of the seedling received through the application of
one year old cutting ranges between 5-15 cm, while the same indicator for two year old
cutting varies from 10 to 20 cm. The seedlings received from cutting develop quite a strong
root system that makes it easier to move the seedlings to the open soil as well as in the
polythene bags; make the process of emergence, further growth and development smoother.
In order to put Feijoa in culture with the purpose to propagate it through in vitro method we
have chosen the armpit buds and cuttings (with apex and armpit bud and shoot of 0, 3 cm.)
of the variety of Feijoa-“Choiceana”. Out of the exercised sterilization schemes the following
ones have to appeared to be feasible:

- treatment with 0,2% - Benlate (30 — 40 minutes);

- treatment with 70% - Ethanole (10 seconds);

- treatment with 30% -Hydrogen peroxide (5 minutes);

- washing with sterile distilled water ( 3-times each for 5 minutes);

as for the feeding areas we used them of various composition (table14)
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Table 13

Influence of B indolilbutuzic acid on Rootimg of Feijoa Sprouts

B indolilbutuzic Age of cutting
) acid
o @ . One year old Two years old
gz concentration
s = ml/l Exposition of Influence
(7]
£
24 48 72 24 48 72
7 2.0£0,06 8,00,2 2.0+0,06 3,0+0,09 10,003 2,0+0,06
90
5 0 1,0£0,03 1.0£0,03 0 2,0+0,06 1,0£0,03
7 1.0£0,03 9,0£0,2 2.0+0,06 20,06 11,0+0,3 2+0,06
78
5 1.0+0,03 2,0£0,06 0 1+0,03 3.0+0,09 0
Control 0,33+0,01 0,66+0,02 0 0,33+0,01 1,0+0,03 0,33+0,01

Out of the above given feeding areas the most profitable ones for Feijoa appeared to be the
following: macro- and micro salt according to Murashige and Skoog - (MS) with the
additional vitamis: thiamine, pyridoxine, nicotinic acid - 0, 5 mg/l and growth hormones:
Mezoinozite- 100 mg/l, BA — 0,5mg/l, GA-0,1 mg/l, sucrose - 30 gr, Agar-agar -4,5 gr, pH -
5,7. While putting in explants the feeding area was added with antioxidants, vitamin C (10,0 -
20 mg/l) and carbon with the aim to (suppress enzyme activity) combine and release toxic
materials (phenolic compounds) (table 15).

Sterilisation of the feeding area used to be done under 0,9 atmospheric pressure
conditions for 15 minutes after adding all necessary vitamins and physiologically active
substances. The explants cultivation conditions were as follows” Light 2,5 — 3,0 thousand Ix,
temperature +21-23°C, Photoperiod -16/8 hrs, duration of cultivation - 1 week.

At this stage the results we have achieved imply the feeding area detected by us
which appeared to be more convenient for getting less infected explants. In 20 days after
cultivation the feeding area did not get colored at the given area due to emission of phenolic
compouns at the area where explants and feeding areas touch, however the indicator of

getting infected was comparatively low in comparison to other feeding areas (table 16).
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Table 14

Composition of feeding areas for cultivating in in vitro

Unit | Feedingarea | Feeding
Reagent Name
MS area
Nitric acid ammonium gr/l 1,65 04
Nitric acid potassium 1,90 -
- Sulphur acid magnesium 0,37 0,18
g Phosphorus acid potassium 0,17 0,17
§ Calcium chloride 0,44 0,072
Nitric acid calcium 0,386
Sulphur acid potassium 0,99
Fe Iron Sulphur mg/1 27,8 27,8
Helate Trilon B 37,3 37,3
Sulphur acid manganese 2,23 22,3
Sulphur acid Zinc 7H20 0,86 8,6
- Boric acid 1,62 6,2
g Potassium Iodine 0,08 -
§ Molybdenum acid 0,025 0,25
Sulphur acid copper 0,0025 0,25
Cobalt Chloride 0,0025 -
Sucrosa 30 30
Agar-agar 3,5 3,5
pH 56-5,7 5,6
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Table 15

Biologically active materials at the stage of initiation in the feeding area

Concentration components in the feeding
The list of reactives area mg/1
Thiamine hydrochloride (B1) 1,0
Pyridoxine hypochloride (Bs) 0,5
Nicotinic acid (PP) 0,5
Ascorbic acid (C) 1,0
Glycin 2,0
Mezoinozite 100,0
Zeatin 2,0

Table 16

The results of putting in vitro culture “Choiceana” the variety of Feijoa (20 days)
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Explant Feeding area Number Infection | Phenolic compunds
(piece) (piece) (piece)
Buds WPM + C 20 20 3 15
WPM+ ¥s0+ C 10 9 1 5
MS 13 3 9
Cutting WPM + C 10 7 2 5
WPM +Y50+ C 10 7 1 6

After we had detected the effective scheme of sterilisation of the first explants of
Feijoa, which allows to ensure less cases of explant getting infected, necrosis due to phenolic
compounds at the feeding areas during rooting, still remain a problem. The investigations

can be carried out until the desirable results of explants rooting are obtained.

Conclusion

1. Feijoa is characterized with two vegetations per year. The terms of beginning ad ending
of vegetation vary a lot depending on genotype and ecological zones. Reproductive
activity of the plant varies too;

2. The region of Samegrelo is more diverse than Ajara and Guria regions in terms of fruit-
bearing periods. We come across with early season (N°83) as well as late and (Ne61)
medium season fruit-bearing forms (N°73, 87). Form Ne78 is distinguished with its rich
fruiting (40 kg); forms NeNe89, 74 and Ne83 are of intermediate fruit-bearing character
whereas forms NeNe61,73 and Ne88 are characterized with low fruit-bearing;

3. Forms of Feijoa spread in the research regions (Ajara, Guria, Samegrelo) differ from
each other with morphological features (growth habit, form and size of a leaf and fruit
shape and size) to a great extent;

4. In case of Feijoa emergence from seeds, the results in terms of speeding up the process of
emergence are ensured through the application of the mixture of Bion and construction
sand. In this regard a relatively weak effect was revealed by the combined mixture of

peat and perlite.
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10.

11.

The size of Feijoa Pollen grains varies based on ecological zones and genotype and
ranges between 221- 262 sq.pm. The form of pollen grains also differ, however 98% of
them has the form of triangle. The index of fertility in the total amount of pollen grains
differs in accordance with regions and ranges between 52- 99%.

In case of Feijoa propagation by seeds the frequency of natural spread of self —fertile
forms equals to 1,7%=0,7, what is very important to produce homogenous, homozygous,
genetic generation (pure lines).

The best environment for germination of Feijoa Pollen grain is ensured with 1% Agar-
agar and 40% sucrose solutions. Under the conditions of the mentioned environment
and 24 hour exposition the amount of germinated Pollen grain according to the forms
ranges from 34.30+0.10 to 47.10+0.21%.

Mitotic activity appeared to be the highest (6,0-7,6 %) in Samgerelo region while low
indicator-(4,5-4,5 s 4,7-5,7%) was displayed in the forms revealed in Ajara-Guria
region. Two peaks of mitotic index were defined in daily dynamics of cell division with
the highest index at 18:00 and the lowest at 02 o’clock.

The frequency of natural mutation of chromosomes in Choiceana, the variety of Feijoa,
is different and it ranges between 1-3%. The scale of chromosome transformation
includes fragments, rarely bridges and circular chromosomes;

The highest indicator of soluble (0,77%), ptoro (0,67%) and total pectin (1,44%) in the
fruit of Feijoa has been identified in Guria region (form N°74). The total iodine amount
is reliably high (521 mkg/kg) in the samples taken from Batumi Botanical Garden, while
Samegrelo region has relatively lower indicator (265-442 mkg/kg) in this regard. Guria
region takes intermediate position (357-391 mkg/kg) in the above mentioned context.
Similar differences have been recorded in the amount of iodine according to calculation
on raw mass.

High indicator of content of vitamin C (25-43 mg/kg) is distinguished in the forms
selected in Samegrelo and Guria regions. Samples taken from Batumi Botanical Garden

reveal comperatively low level of content of vitamin C (20-22 mg/kg).

71



12.

13.

14.

15.

16.

According to qualitative and quantitative indicator of Catechin form N°78 (1,40 mg/g)
can be distingushed, while the form N°¢74 (0,71 mg/g) is on the second place and the
form N°73-0,29 is the last with the mentioned indicator.

3 different types of Catechine have been identified in the fruit of Feijoa: (C-Catechine,
EC-Epicatechine, EGC-Epigallocatechine). The highest indicator of C-Catechine has
been detected in the form Ne87- (0.56 mg/g), while the lowest indicator characterizes the
form N°71 (0.14 mg/g). The forms selected in Samegrelo region (N°N°73,87) revealed the
highest indicator of content Epicatechine (0,25-0.49 mg/g), as well as Epigallocatechine
0,11-0,21 mg/g).

Antioxidant activity of the fruit of Feijoa has been defined with the highest indicator
(74-80%) in the forms NeNe73 and 83, while the lowest equaled to (55,8%) in the form
Ne61.

A relatively better result for rooting Feijoa cuttings has been obtained through the
application of two year old cuttings. Better results have been obtained in terms of
growth and development of the plants received from two year old cuttings than of those
received from one year old ones. A relatively higher indicator of rooting (10-11%),
under the conditions of processing the cuttings with f indolilbutuzic acid have been
identified in case of 48 expsition and 7ml/l concentration.

When putting Feijoa in in vitro culture, the optimal approach for surface sterilisation
of explant appeared to envisage processing with the sterilising materials within the
following sequenece and exposition: 70% - ethanol (10 sec); 0,2% - benlate (30 — 40
min); 30% hydrogen peroxide (5 min); washing with sterilised distilled water (three
times 5-5 min), while the best feeding area includes the following: macro and micro salt
according to Murashige Skoog (MS), Vitamines: thiamine, pyridoxine, nicotinic acid,
(0,mg/1) and growth hormones: mezoinozite 100 mg/l, BA — 0,5mg/l, GA - 0,1 mg/l,

sucrose 30gr, Agar 4,5 gr, pH 5,7.
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