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Prognosis of the grape endemic varieties sustainability represents an important scientific-practical task for Georgia. This is conditioned 
by the circumstances that more than 500 endemic varieties of grape grow in different climatic zones of Georgia. Especially noteworthy 
is problem of sustainability towards high temperatures of endemic grape grafting with regard to expected global-climatic processes. 
The present work deals with the radiobiological method of studying sustainability of grafted grape endemic varieties based on several 
radiobiological and radiological methods. In particular, using the primary fluorescence of grape tissues by the high quality accuracy 
can be determined structural-functional condition of the grafted grape accretion zone. In addition, by examining the xylem transport 
of graft, it’s possible to test stability of grape in condition of optimum and extreme temperature regime. Overall, conducted research 
allows complex diagnostics of accretion quality of plant transplants and their sustainability level prediction towards unfavorable envi-
ronmental factors.
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Introduction

The central task of live nature protection rep-
resents to maintain biological diversity. Based on 
the data of International - World Wildlife Fund, bi-
ological diversity is defined as the diversity of all 
forms of life on earth. These include: millions spe-
cies of plant, animal and microorganism and their 
gene sets in complex ecosystems, which form the 
living nature [1-3]. At the same time, in relation to 
agricultural plants, the problem involves not only 
the protection issues of genetically unique organ-
isms, but also the mission of creating favorable con-
ditions for their real use in agricultural production. 
This applies to many rare, endemic varieties and 
species. In this aspect very important is the circum-
stance, that cultivation of perennial plants requires a 
number of practical tasks to be solved, in particular, 
to obtain high quality grafting material. 

In many countries of the world the development 
of viticulture as a field depends on the supply of 

farmland by quality seedling materials [4-7]. Apart 
from this different problems arises to Georgian 
winegrowers caused by the large number of endem-
ic varieties of Georgian grape and their agrobiolog-
ical peculiarities [8,9]. 

Therefore, the agenda is not only the issue of 
providing farmland healthy seedling material, but 
also the necessity of survival and distribution of en-
demic varieties. In biological view, grafted plant is 
a unique organism which combines two genetically 
different individuals. If we consider that each graft-
ing component for it’ s partner is different and often 
carry “foreign” genetic information during grafting 
period, then the diversity of reactions which hinder 
as the accretion process of plant transplants as well 
as their viability will be clear [10,11,12]. It is clear 
that the specific of the biological incompatibility 
mechanism of the tissues is determined by the tax-
onomic location of the organism in the hierarchy. If 
we consider this issue in the area of stock and graft-
ing tissues incompatibility, there appear a number of 
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different processes: Anatomical incompatibility of 
the stock and grafting structures, different dynamics 
of callusogenesis, antigenic structures incompatibil-
ity of the plant transplants and many other physio-
logical-biochemical processes, so biological incom-
patibility of the tissues is based a combination of 
events on various structural-functional levels. 

Today is successfully implemented different set-
tings by affinity of stock and grafting through many 
forms of stock. Nevertheless, in most cases, certain 
types of grapes demote ability to overcome envi-
ronmental adverse conditions, which is due to the 
imperfect conductive system restored by differenti-
ation of callus tissue between stock and grafting. In 
such situation, during optimal conditions for a long 
time fully retains normally parameters characteris-
tic of its viability, but in case of extreme conditions 
of environment (eg. extreme temperature), due to 
the demote ability of conductive system restoration 
develops not only the negative changes of the phys-
iological-biochemical parameters of the plant, but 
also partial necrotization of the grafting zone of 
tissues [13,14,15,16]. Therefore, there is necessity 
for effective methodologies to be developed, able 
to assess the accretion degree of the graft by con-
sidering their further use in plantation development. 
At the same time it is necessary to take into account 
the structural-functional condition of the plants not 
only for constitution of accretion quality, but also to 
predict their viability for a long time. The present 
work presents the methods of determining qualita-
tive indicators of grafting that are based on the re-
sults of radiological studies.

Oobjectives and methods 

Quality indicators of grafting are basically de-
fined by two parameters - functional condition of 
tissues in the accretion zone and the post trans-
plantation restore level of conductive system. The 
functional condition assessment of the tissues was 
based on the primary fluorescence of the tissues. 
For induction of primary fluorescence of tissues 
as a source ultraviolet radiation (Ultraviolet Mer-
cury-quartz lamp of high pressure (250 Watt)) was 
used. Induction factor of lighting was a blue part 
of the spectrum, which was obtained by combi-
nation of violet and blue filters of different width. 
The “locking” yellow filter provided a visibility of 
reflected wave, excited by ultraviolet irradiation. 
Observation on microtome slices of accretion zone 
of grafting was carried out with a standard light mi-
croscope.

To study the process of intergrowth of grape 
grafting and the quality of the resulting seedlings, 
we carried out various experiments using the radio-
isotope method. Studies were carried out at various 
stages of the formation of experimental grafting. 
The study of the regeneration process of the con-
ducting system during the stratification of graftings 
was carried out in two ways. The first method con-
sisted in analyzing the “flow” of the radioactive la-
bel from the stock to the graft part during the strati-
fication on an isotopic solution. The second is when 
the cuttings are saturated with an isotopic solution 
and the stratification on the water. After grafting 
they were placed on an open stratification into a 
climatic chamber with moistened air at a tempera-
ture of 28-30°C. The basal ends of the grafting were 
kept in the water at all times with a radioindicator. 
In experiments, sodium phosphate orthophosphate 
was used. The radioactivity of the solution used in 
the work was 2.5 millicuries per liter. After stratifi-
cation, grafting was divided into parts and the total 
content of labels in different parts of the grafting 
was determined.

Results and discussion

Primary fluorescence of living tissue, due to its 
potential capabilities, has advantages compared to 
other research methods. Such capabilities can be 
attributed to the observation of living cells and tis-
sues, without fixation and processing with specific 
reagents. A practical solution to this approach is ap-
propriate that unlike other plants, grape is charac-
terized by a good ability of primary fluorescence. 
15-20 micron thicknesses slices were obtained on 
microtome for analysis of primary fluorescence of 
grape tissue. During the ultraviolet irradiation of the 
slice, various tissues gave a different fluorescence; 
In particular: The fluorescence of the xylem cells 
was dark green when the cells of the walls were flu-
orescent by pale yellow color. Different picture of 
the primary fluorescence was obtained in case of ir-
radiation already formed healing zone of graftings. 
The preliminary examination of the function of the 
grafting components was carried out by the intensi-
ty criterion of callus formation. Endemic varieties 
of grape characteristic to different zones of Georgia 
were used in the work. As the first picture shows, 
most of them are characterized by the specifications 
of callusogenesis (Fig.1). 
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Therefore, the cause of the detection of accretion 
hidden defects during the grafting can be differenc-
es in the dynamics of the callusogenesis of stock 
and graftings.

After that, grafts were adopted by the so-
called omega and indirect copulation method. 

The results showed that a healthy, normal func-
tioning lignified tissue causes a sharp, yellow 
fluorescent light. Non viable areas, lesions, 
necrotic areas and other anatomical and func-
tional defects of accretion are less fluorescence. 
The full fluorescence of tissue was observed in 
the accretion zone of grape grafting, which in-
dicating the complete restoration of the dam-
aged tissues and all tissues were functioning 
normally in the given grafting.In second case 
we got another picture, when on healing area 
was observed a dark zones, indicating the pres-
ence of necrosis (Fig.2).

Fig 1Fig. 1

Fig. 2 Fig.2.  

1 2 4 3 
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The sharp fluorescent light of graftings in graft 
indicates the viability of these tissues, which means, 
that conductive system was fully recovered between 
the grafting components. During the analysis, there 
were detect non-fluorescent dark areas, where the 
wide necrotic zone was fully isolated, which led the 
reduction of nutrients in grafting area. Such graft-
ings, as a rule, are characterized by low ability of 
growth-development and are unfit for cultivating 
plantation. In many cases the grafts were found, in 
which, at first glance, the grafting components were 
perfectly combined and the healing zone was flour-
ished fluorescent, but in the grafting area of the graft, 
there was a weak fluorescence and the sharp ex-
pressed border between the stock and grafting. This 
picture indicates a low level of vitality which is the 
result of weak differentiation between the grafting 
components. It is noteworthy that the fluorescence 
analysis method can be used during early stage-strat-
ification of grafting formation. In this case, we can 
discuss about normal course of accretion processes 
by the level of tracheid strand creation. Ultraviolet 
irradiation with blue-ultraviolet spectrum causes 
yellow flashes when non-differentiated callus mass 
is not fluorescent. If stratification is going on light, 
due to the formed chlorophyll, callus acquires red, 
but tracheid strand yellow color. In order to check 
adequacy of the treated method we had used labeled 
atoms method (saturated solution by 32Pisotope). Iso-
tope migration was observed by radioautography. 

The use of radiation methods for various types 
of tissue incompatibility basically reduces to the 

analysis of primary contacts caused by the process-
es of recognition at the cellular level of transplants. 
At the heart of the proposed method is the analysis 
of transport of radioactive phosphorus from a stock 
saturated with radioactive solution into an unsaturat-
ed grafting. Thus, the parameters of the investigated 
processes involve both the time characteristics of 
the primary contact and the beginning of the func-
tioning of the joint conductive system that formed 
as a result of cytodifferentiation of the accretion 
callus tissues. In order to characterize the dynam-
ics of redistribution of radioactive phosphorus in a 
stock-graft combination of grafting under study, we 
analyzed the isotope label localization zones using 
the radioautography method. The radioautoradio-
graphs shown in Fig.1 testify that the pattern of lo-
calization of the isotope label at various times of the 
stratification period varies significantly. So, on the 
radioautogram of the grape grafting indicates, that 
5 days after the onset of stratification, main zone of 
radioactive label localization is at stock (Fig.3-1). 
Non-luminescence zone of the grafting may indicate 
that active processes, associated with the formation 
of callus cells are taking place below the accretion 
zone, but the accretion of callus and the restoration 
of the conduction system has not yet occurred.  
      A somewhat different picture of the localiza-
tion of radiophosphorus in different areas of graft-
ing was observed 10 days after the beginning of the 
stratification (Fig. 3-2).

Fig.3 

Fig. 3
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The similar to 5th day of stratification, there is 
no fluorescence of grafting zone; This is an indi-
cation that the entry of a radioactive label into this 
part of the grafting has not yet begun because of a 
dense physiological barrier in the form of undiffer-
entiated callus. At the same time, it should be noted 
that the luminescence caused by the action of the 
radioisotope on the photographic plate has become 
more intense. In interpreting these data, it can be 
concluded that a conglutination of wound callus 
of the grafted components occurred and a solution 
with a radioisotope label entered the basal part of 
the graft adjacent to the accretion zone. 

An even more significant change in the pattern 
of radiophosphorus localization in grape grafting 
was observed on the 15th day of the stratifica-
tion period (Fig. 3-3). Here the main zone of lo-
calization was in the developing bud of grafting. 
At the same time, the radioactivity of the accre-
tion zone itself decreased markedly, which was 
manifested in a decrease of the luminescence in 
accretion zone. The appearance of a significant 
amount of radiophosphorus in the grafting part of 
the graft is an indication that the conductive sys-
tem is restored and the active xylem transport be-
tween the stock and the graft part is started.   
    The analysis of the change in the distribution of 
radiophosphorus label in grafting at various stages 
of stratification showed the importance of changes 
in the dynamics of accumulation of radiophospho-
rus in the accretion zone when the structural integri-
ty and functional activity of the conducting system 
are restored.  

In recent years, regarding to the risks of global 
climate changes, the issue of sustainability of en-
demic species towards the high temperature regime  
has become especially actual. In addition, if the re-
search direction in relation to various agricultural 
plants  can be achieved through the selection of ge-
netic material, depending on the need to maintain 
genetic diversity while working with endemic va-
rieties, it is impossible to use the methods of selec-
tion. In this case, for sustainability analysis of grape 
plant grafting towards high temperature, the leading 
factor is grafting adaptation level with the xylem 
transport intensity, which is provided by stock part 
of the transplant. In this aspect, the recovery rate of 
accretion zone tissues provide active xylem trans-
port, which is the criterion of sustainability towards 
the high temperature regime of the grafted plant. In 
order to study the restoration level of transplants ac-
cretion zone, the method of labeled atoms was used 

by us. In particular, the xylem transport intensity 
was studied during optimum and extreme tempera-
tures. As radioautography showed, the last place 
of xylem transport is the leaf surface tissue, which 
indicates the radioactive label localization (Picture 
4–A). Naturally, in case of temperature regime in-
creases, transpiration intensity allows to prevent the 
leaves surface overheating, which in total ensures 
the sustainability of the grafted plant. For the study 
of the importance of tissue restoration levels, exper-
iments were done on such grafts which were charac-
terized by different structural-functional conditions 
of the accretion zone tissue. As the graph shows 
(Fig. 4-B), plant transplant different by restoration 
level indicators of accretion zone tissues were char-
acterized by different intensity of xylem transport. 
Difference in transition intensity of radioactive la-
bel in grafting area of grafts, in case of high and rel-
atively low recovery levels indicators of tissues in 
the accretion zone was 29,5%. It’s no less important 
how the same characteristic is changing in relation 
to extreme temperature regime. It is possible that the 
temperature factor is the criterion of sustainability 
of the tissue with respect to different levels of tissue 
restoration. As shown in 4B-3 and 4B-4 graphs, in 
condition of extreme temperature regime, in both 
versions are stated a high rate of radioactive label 
overflow in the accretion zone; However, quanti-
tatively among the variants are stated- Increase by 
14% within a good accretion ability variants, but 
6.8% in grafting of low-accretion ability. 

Based on the obtained results was shown, by 
means of structural-functional analysis of grafting 
components It’s possible to monitor cytodifferenti-
ation process of callus tissue, which, in turn, helps 
to assess the active transport of conductive tissues, 
and the latter is a precondition to increase the sus-
tainability of plant towards high temperature. It 
should be noted, that the approach offered by us is 
noteworthy when the researcher has a goal of main-
taining the biodiversity of the endemic varieties 
with respect to global warming. If sustainability of 
non-endemic perennial agricultural plants towards 
high temperature is resolved through the selection 
of new drought resistant varieties, this methodologi-
cal approach is not acceptable regarding to endemic 
varieties, because of phenomenon of genetic purity 
should be considered.
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Conclusion 
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Fig. 4
 

Conclusion

 Obtained results received on the basis of radio-
isotopic method, were adequate to the primary fluo-
rescence picture, which indicates high efficiency of 
the treated method. It is noteworthy, that proposed 
approach is especially important when are dealing 
with grafting components having various affinity. 
Conclusion can be made based on the performed 
work, that the method of structural-functional anal-
ysis of grafting, based on the first fluorescence of 
the tissues, can be used as an efficient method of 
early diagnostic of grafting quality. The use of this 
method will enable us to enrich the arsenal of the 
methods to verify the large party of grafting for the 
purpose of planting the grape.

References

[1]  A. Sabir, Improvement of grafting efficiency 
in grad grafting grape belandre hybrid root-
stocks by plant growth-promoting rhizobacte-
ria (PGPK), Scientia Horticulture, 1964 (2013) 
24-29.

 [2]  A.L. Lereboullet, G. Beltrando, D.K. Bard-
sley, Socio-ecological adaptation to climate       
change: A comparative case study from the 
Mediterranean wine industry in France and 

       Australia. Agriculture, Ecosystems & Envi-
ronment.  164 (2013) 273-285. 

[3]  G. Gullo, A. Dattola, V. Vonella, R. Zap-
pia, Evaluation of water relation parameters       
in vitis rootstocks with different drought tol-
erance and their effects on growth of a grafted 
cultivar, J. of Plant Physiology  226 (2018) 
172-178.

[4]  J. Ekhvaia, M. Akhalkatsi, Morphologi-
cal variation and relationships of Georgian       
populations of . 

 (C.C. Gmel.) Hegi, Flora – Morphology, 
Distribution, Functional Ecology of Plants   
205(9) (2010)  608-617.

-
sponses of grapevine rootstocks to drought 
through altered root system architecture and 
root transcriptomic regulations, Plant Physiol-
ogy and Biochemistry  127 (2018) 256-268.

[6]  L. Bavaresco, M. Gardiman, L. Brancadoro, L. 
Espen, R. Testolin, Grapevine breeding pro-
grams in Italy, in: Grapevine Breeding Programs 
for the Wine Industry, 2015, pp. 135-157.

E. Eiras-Dias, Graft compatibility of  spp.: 
the role of phenolic acids and flavanols, Scien-
tia Horticulture,  207(5) (2016) 140-145.

[8]  M. C. Merli, E. Magnanini, M. Gatti, F. J. 

Annals of Agrarian Science 18 (2020) 77–83M.E. Gogebashvili et al.



83

Pirez, S. Poni, Water stress improves whole-      
canopy water use efficiency and berry com-
position of cv.Sangiovese ( .)       
grapevines grafted on the new drought-toler-
ant rootstock M4, Agricultural Water  Manage-
ment,  169 (2016) 106-114.

[9]  N. Chkhartishvili, Genetic resources of grape-
vine in Georgia, Agrobiodiversity of Georgia 
(Catalog). (2015)  9-33 (in Georgian). 

-
encing grafting success and compatibility 
of grape rootstocks, Scientia Horticulture,  
181(2) (2015) 168-173.

[11]  T. Ortoidze, Resistance of grapevine varieties 
of Kvemo (lower) Kartli of Georgia to abiot-
ic factors, Annals of Agrarian Science, 15(2) 
(2017) 192-194.

[12] V.H. Heywood, Plant conservation in the an-
thropocene – challenges and future prospects, 
Plant diversity. 39(6) (2017) 314-330. 

[13]  W.J. Sutherland, H.M. Stuart, Butchart, B. 
Connor, C. Culshaw, R.A. Gleave, Horizon 
scan of emerging issues for global conserva-
tion and biological diversity, Trends in Ecolo-
gy & Evolution  33(1) (2018) 47-58.

[14]  Water and heat fluxes in Mediterranean vine-
yards: indicators and relevance for manage-
ment, in: Water Scarcity and Sustainable Ag-
riculture in Semiarid Environment, 2018, pp. 
219-245.

Çelik, Determination  of  grafting compatibility 
of grapevine with electrophoretic methods, Sci-
entia Horticulturae   113(4) (2007) 343-352. 

[16] Z.X. Jin, T.Y. Sun, H. Sun, Q.Y. Yue, Y.X. Yao, 
Modifications of ‘Summer Black’ grape berry 
quality as affected by the different rootstocks, 
Scientia Horticulturae.  210 (2016) 130-137.

Annals of Agrarian Science 18 (2020) 77–83M.E. Gogebashvili et al.


