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However, the existing production potential of viticulture is not utilised efficiently due to 

various objective and subjective reasons. Both viticulture and winemaking are facing a financial crisis, 

which does not correspond to the potential possibilities of this subcomplex. The majority of Grape-

growing enterprises have become unprofitable and have replaced viticulture with less energy-

consuming and labour-intensive productions. 

This is due to several reasons. Firstly, it is related to the long-term use of perennial plantations 

- vineyards, which constitute a significant proportion of the industry's fixed assets. Secondly, the 

reconstruction and establishment of young vineyards require substantial capital investments per 1 

hectare. Thirdly, young plantations only start bearing fruit in the third or fourth year after 

establishment, necessitating additional expenses for their care before they enter the fruiting stage. 

Fourthly, in viticulture located in southern regions, there is a smaller gap between the working period 

and the production time compared to other crops, and some tasks related to vineyard maintenance and 

repair are carried out in the autumn-winter period (pruning, trellis repair, etc.). Fifthly, viticulture 

cannot promptly respond to market fluctuations since the assortment of wine and table grape varieties 

is determined at the time of planting the vineyards. Finally, the pursuit of maximum yields in 

viticulture is not always justified as it may lead to a decrease in grape quality, and consequently, its 

price and profitability per hectare of vineyards. The aforementioned characteristics of viticulture as 

an agricultural industry need to be taken into account when assessing its economic efficiency. 

One of the key directions in the modernization of the viticulture and winemaking sector in the 

Republic of Moldova is the introduction of high-yielding grape clones of European selection [39]. In 

recent years, this strategy has arnered significant scientific and production interest. As a result, since 

1998, certified virus-free clones of classic European varieties, such as Cabernet Sauvignon, Merlot, 

the Pinot group, Chardonnay, Sauvignon, and Riesling, have been actively incorporated into the 

assortment [42]. Preliminary studies conducted by Moldovan Researchers M. Cuharschii, S. 

Ungureanu, N. Taran, B. Gaina, A. Botnarenco and others [216, 35, 36, 220, 216] suggest the 

recommendation to implement these clones in the Republic of Moldova. According to these 

researchers, the adoption of these clones can significantly increase both the yield and the quality of 

the final products in the viticulture and winemaking sector of the republic. 

An important aspect of the development strategy for the viticulture and winemaking sector is 

the rational use of the country's natural resources [28] which will increase the efficiency of 

winemaking production [29]. Environmental factors significantly impact the development and 
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[270, 267, 268]; V. Nikolenko [286]; E. Podgorny [303]; A. Mishurenko, E. Podgorny [272]; N.  

Guzun [172, 173]; L. Maltabar [229, 233, 236, 237]; I. Gromakovskiy [171]; Eifert Jozsef, Eifert 

Jozsefny [337]; N. Perstnev [295]; A. Derendovskaia [181] and others, it has been established that the 

variability of grapevines is manifested in changes in biometric, biochemical, anatomical, and other 

growth and development indicators of grafted plants in the nursery. At the same time, most authors, 

while identifying signs of different quality in canes, cuttings and saplings, did not research to clarify 

its influence on the different quality of vines, the productivity of plantations, yield quality, and other 

indicators after the establishment and operation of vineyards. 

Alongside this, a need arises to create plantings characterized by a high uniformity of vines. It 

is essential to strive for uniformity across all vines in the vineyards in terms of growth strength, yield, 

and product quality. Importantly, the production of high-biological value grape planting material is 

crucial. Utilizing this material for establishing new plantations will enhance their productivity and 

longevity. 

Research Goal and Objectives 

The Goal of the Research: to determine the potential of introduced grape clones and develop 

agricultural techniques aimed at enhancing the viability and productivity of vineyards under the agro-

ecological conditions of the ATU Gagauzia, thereby improving the sustainability and economic 

efficiency of viticulture in the region. 

The Objectives of the Research: 

-  conduct an analysis of the meteorological conditions in the ATU Gagauzia; 

-  identify the specific features of the state and development of viticulture in the ATU Gagauzia; 

-  evaluate the meteorological conditions in the ATU Gagauzia; 

-  identify the specific features of the viticulture industry in the southern region of the Republic of 

Moldova; 

-  to study the influence of the quality of rootstock and scion cuttings on the processes of 

regeneration, growth, and development of grafted plants in the nursery, as well as the output of 

grafted grape vines from the nursery and their shoot and root system development; 

-  to determine the characteristics of grafted grape vine's survival, obtained from different quality 

rootstock and scion cuttings; 

-  to analyse the changes in shoot growth parameters and leaf surface of plants derived from different 

quality planting materials; 
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the plantations can serve as a basis for obtaining high-quality grape products. The analysis of 

indicators of economic efficiency of grape production allowed us to identify the real dynamics of the 

industry's efficiency using the example of SC "Tomai-Vinex" SA. The dependence of the profitability 

of grape production and sales on the use of diverse clone varieties and different qualities of vines has 

been established due to the variability in the quality of the grafted saplings used for planting. 

Scientific Problem. To enhance the economic efficiency of modern viticulture, there is a need 

to transition the industry to more intensive, cost-effective, energy- and resource-saving technologies 

that ensure high yields and product quality. Our research has revealed that the quality of cuttings used 

for grafting significantly influences the quality and adaptive characteristics of grapevines after 

planting in a permanent location. The data obtained contribute to identifying the most effective 

methods for producing grafted planting material, thereby enhancing the quality and adaptation of 

grapevines to the environment. The studies have uncovered important aspects of the relationship 

between physiological parameters of introduced grape clones, such as vine growth, assimilative 

surface, and productivity, and their adaptation to changing environmental conditions. This allows for 

a better understanding of how the studied grape clones respond to various environmental factors and 

optimizing the conditions for their cultivation. 

Theoretical Significance lies in identifying important aspects and technological peculiarities 

of the growth, development, and adaptation of introduced clones R5 Cabernet Sauvignon and clone 

348 Merlot, which influence the quality and productivity of grape plantations in the agro-ecological 

conditions of the ATU Gagauzia. The obtained data allow for a deeper understanding of the 

physiological and adaptive characteristics of the investigated clones, their response to various 

environmental factors, and optimizing the conditions of their cultivation. This opens the way for the 

development of more efficient methods for producing grafted planting material, contributing to the 

improvement of quality and adaptation of introduced clones to the agro-ecological conditions of the 

ATU Gagauzia. The research results enable the development of management strategies aimed at 

enhancing the resilience of grape plants to stressful conditions such as drought or extremely high 

temperatures, ultimately contributing to the increased economic efficiency of viticulture both in the 

Autonomous and in the Republic of Moldova as a whole. 

Practical Significance. The obtained scientific data make a significant contribution to the 

development and improvement of ampelocenosis models characterized by a high coefficient of 

photosynthetically active radiation, in studying the correspondence of biological and varietal 
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observed trends. Additionally, presented the economic efficiency of the proposed approaches, 

highlighting their practical implications and potential for improving productivity. 

Chapter 3 - " The State and Development of the Viticulture Sector in ATU Gagauzia". This 

chapter provides a characterization of ATU Gagauzia as an integral part of the region with the 

protected geographical indication "Valul lui Traian." A comparative analysis of climatic indicators 

has been conducted, highlighting the microclimatic features specific to ATU Gagauzia. Additionally, 

an assessment of the current state and development prospects of viticulture in the conditions of ATU 

Gagauzia, with a focus on the case of JSC "Tomai-Vinex," over the past 25 years, is presented. The 

potential yield level of vineyards in the region has been determined, and reserves for its increase have 

been calculated. 

Chapter 4 - "Biological and Technological Features of Grafted Vine Saplings Production". 

The chapter examines the main quality parameters of the rootstock and scion canes and their influence 

on the processes of regeneration, growth, and development in the nursery, as well as the output and 

quality of grafted saplings. It is established that the morphological and biochemical parameters of 

grapevine cuttings taken from the rootstocks BxR Kober 5 BB and RxR 101-14 before grafting, 

naturally vary depending on their position along the length of the rootstock cane (from the base to the 

top). 

Chapter 5 - " Productivity of Vineyards Depending on the Quality of Planting Material".  

The chapter presents data on the survival rate of grafted vine saplings in their permanent 

location, depending on their quality. It also examines the peculiarities of Shoot Growth, Annual 

Growth, and the formation of young grapevines of the R5 clone of Cabernet-Sauvignon. The results 

regarding the yield and quality of the products of the grapevines entering the fruiting stage are also 

provided. 

Chapter 6 - "Growth, Development, and Productivity of Clones Depending on the Shoot 

Training System of Grape Vines". The chapter presents a comparative assessment of the grape 

plantations of the R5 clone of Cabernet-Sauvignon and the 348 clone of Merlot before and after 

reconstruction. Key parameters such as Shoot Growth, Leaf Surface Area, Photosynthetic Activity of 

Leaves, and Vine Productivity of the studied grape varieties are analyzed. The findings demonstrate 

that the reconstruction of grapevine plantations, involving modifications to the shoot training system, 

results in significant changes in the Phytometric Indicators of the vine canopy. These include increased 
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1. TECHNOLOGICAL FEATURES OF GRAFTED PLANT ING STOCK  
PRODUCTION AND THEIR IMPACT ON THE PRODUCTIVITY OF 

VINEYARDS  

1.1. The Main Technological Features of Grape-Grafted Planting Stock 

In viticulture, the most widespread method of propagation is vegetative, using cuttings, 

layering, and grafting. However, grafting holds a leading position in grapevine propagation. Grafting 

is used to address many issues in viticultural practices, breeding, organisation, and the economics of 

grape growing. 

According to N. Perstnev [297], grafting allows grape growers to address four main issues: 

combating phylloxera by grafting cultivated varieties onto phylloxera-resistant rootstocks; combating 

nematodes by grafting European fruiting varieties onto nematode-resistant rootstocks; expanding 

grapes into more northern regions by grafting cultivated varieties with low frost-resistant roots onto 

frost-resistant rootstocks; combating chlorosis caused by high carbonate content in the soil or other 

reasons, by grafting onto rootstocks that are tolerant to carbonates. 

The emergence of the most dangerous pest for European grape varieties, phylloxera, in Europe 

[189], became a significant impetus for the development of knowledge about grape grafting. The 

phylloxera catastrophe that loomed over viticulture in the late 19th century led to the necessity of 

transitioning to grafted cultivation of European varieties onto phylloxera-resistant rootstocks of 

American species. Over 140 years of practice in cultivating grafted vineyards in all European countries 

have proven their high profitability. 

The theoretical foundations and practical application of grafting European varieties onto 

phylloxera-resistant rootstocks were established in France (Planchon, Millardet, Viala, Ravaz, Foex, 

Coudere, and others) and Germany (Dumler, Zeeliger, Kremer, Müller, and others) [294]. 

The technology of growing grafted planting material is a complex process that combines 

several independent techniques. The timely and sequential execution of these techniques determines 

the production of high-quality grafted saplings and the productivity of the established grape 

plantations. Many scientists, including G. Borovikov [156], L. Kolesnik [202, 203, 204], L. Maltabar 

[231, 234, 232, 235, 230], A. Mishurenko [269, 268], A. Subbotovich [321, 323], E. Podgorny [303] 

(1968), V. Nikolenko [283, 284], I. Gromakovskiy [168, 169], N.D. Perstnev [294], S. Ungureanu 

[129],  and others, have made significant contributions to the development of the technology for grape-

grafted planting material production. 
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a well-lit, well-ventilated area with forced ventilation. The main goal of conservation is to slow down 

metabolic processes, prevent shoot overgrowth, delay root development, and acclimate the plants to 

their natural habitat conditions. 

L. Maltabar and I. Tikhvinsky [251], L. Maltabar [233] developed a method of open light 

hardening for first-grade grafts in water or nutrient solutions, with a duration of 7-10 days. During 

this period, the outer cells of the callus become corky due to exposure to moist air and light, while the 

inner cells turn bright green due to the accumulation of chlorophyll. The open hardening in water 

activates physiological processes throughout the grafted cutting. The intercomponent callus and 

shoots experience an increase in dry matter content, enhanced oxidative processes, and pigment 

accumulation. At the base of the grafts, root primordia are formed. The grafts establish well in the 

nursery, resulting in a 10-30% increase in seedling yield. However, the open hardening method 

required further development, especially for early grafts, due to the extended hardening duration. 

The work of I. Gromakovskiy [169] revealed the possibility of extending the hardening 

duration of grafts under different temperatures, lighting, and substrate conditions. This technique 

combines elements of conservation by using additional lighting and reduced temperatures with 

elements of hardening, hence, it is called "conservation-hardening." The positive effects of a 30-45-

day conservation-hardening in water under illumination of 10,000 lux and temperature of 70C, as well 

as under illumination of 5,000 lux and temperature of 150C, were observed on the output of grape 

saplings in the nursery. These conservation-hardening regimes lead to enhanced cell differentiation in 

the callus and the development of a well-established conducting system, resulting in a 13.8% to 15.9% 

increase in the output of grape saplings compared to the control group [162]. 

The general technology of grapevine grafted planting material production emphasizes special 

attention to its cultivation since the output and quality of grapevine planting material depend on a 

complex set of conditions and practices during their cultivation in the nursery. Often, high-quality 

grafts perish immediately after being planted in the nursery due to improper soil selection, inadequate 

soil preparation, a lack of irrigation, and insufficient pest and disease control. Therefore, grapevine 

grafts should be placed in specific crop rotations, on light sandy and loamy soils that are well-draining 

and highly fertile. It is essential to cultivate them in areas with artificial irrigation and protect the 

grafts from drying out right after planting in the nursery [168, 331].  

In recent years, the method of cultivating planting material with a so-called closed root system 

has gained widespread popularity. The essence of this method is to plant the grafts before or after 
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stratification into peat-cellulose or paper pots, compressed peat briquettes, tubular containers, 

perforated polyethene pots, cardboard packets, and other containers filled with a nutrient mixture. The 

grafts are placed in greenhouse conditions, where they root and form new growth. When favourable 

external conditions arise, the grafts, together with their containers, are transplanted to their permanent 

location or into the nursery. In both cases, a high survival rate is achieved due to the presence of an 

intact root system and new growth. Upon transplantation to their permanent location or nursery, the 

root system and green growth of the grafts are preserved, enabling them to continue functioning and 

developing [295]. 

The described method of cultivating planting material with a closed root system has become 

popular and widely used in various countries such as Germany, Italy, France, the United States, 

Romania, Bulgaria, Czechoslovakia, and others. The application of this method is justified by its 

advantages, such as increased survival rate, better preservation of the root system and green growth, 

and the possibility of mechanizing the cultivation processes, which contributes to the increased 

efficiency and profitability of grape cultivation [278]. These countries actively develop and improve 

methods for growing grafted planting material to ensure a high level of quality and yield of seedlings, 

as well as to facilitate the work of grape growers and enhance the resilience of plantations to various 

weather conditions and diseases. 

L. Maltabar [229] considers the method of growing grafted saplings in cardboard cups to be 

highly effective, as it allows grafting to be done in February and high saplings output from the nursery 

or high survival rates at the permanent location. L. Maltabar, A. Zhdamarova, D. Bachurin [244], L. 

Maltabar, A. Zhdamarova [243, 241], in addition to the technology used in Germany, recommend 

using electric heating of the cups and tying the grafting site with plastic film to protect the callus from 

drying out after planting the grafts in the nursery or at the permanent place. 

According to A.P. Tereshchenko [327], the experience of nursery companies in California, 

which produce vegetative grafted grape vines in reusable pots on artificial substrate, is very interesting 

in this respect. Selected cuttings of the scion and rootstock, according to the standard requirements, 

are used for grafting after undergoing pre-grafting preparation. Right after grafting, the site of the 

union of components and the entire grafted cutting are wrapped with a special semi-permeable 

polymeric film, which has high adhesion properties. 

This film hermetically isolates the graft and the site of the union from the surrounding 

environment, thereby preventing moisture loss from the graft and drying out of the graft union. 
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However, due to its diffusive gas permeability, this film does not impede the flow of oxygen to the 

graft union and the release of carbon dioxide produced during respiration by the cuttings. Therefore, 

the stratification of the grafts is conducted using the open method on water, with periodic water 

changes. This stratification method allows for continuous visual monitoring throughout the 

stratification process. 

The forming callus, protected by the film, stretches the film without compromising its hermetic 

seal. In turn, the film compresses the callus, promoting faster development of the primary elements of 

the conducting vascular system within it. Thus, by the end of the stratification process, a significant 

portion of the grafts have established physiological contact between the understock and the scion, 

accelerating the formation of a unified organism from the two graft components. Towards the end of 

the stratification process, the bud freely emerges through the film without breaking its hermetic seal 

and, under intense illumination and reduced air humidity, develops actively photosynthesizing green 

growth, which also contributes to the fusion of the graft components. 

After stratification, the grafted cuttings are planted in multi-use plastic pots filled with a peat-

perlite substrate. Grafts that have not developed root primordia during the stratification period are 

treated with a rooting stimulant, which facilitates faster root formation on their basal parts in the loose, 

moist substrate. 

The pots with the planted grafted cuttings are placed in a greenhouse. Under optimal temperature 

and humidity conditions, roots rapidly develop on the basal parts of the grafted cuttings. There is a 

more vigorous growth of shoots on the scion compared to what occurs in an open-ground grape 

nursery, which is subjected to a range of adverse environmental influences. 

In greenhouse conditions, it is easier than in an open-ground nursery to carry out watering, 

fertilization, and disease control, while achieving significant savings on expensive chemicals. As a 

result, about 40-45 days after planting the grafts in the greenhouse, they develop a growth rate of 25-

30 cm, a well-established root system, and form a physiologically integrated entity, that is, a grapevine 

sapling. After a short hardening period and treatment with the "Anti-stress" preparation, which 

prevents wilting of the green growth under the influence of drying winds, these saplings are 

transplanted to their permanent location. Planting is done using a hydro-borer of a special design. 

By the end of the growing season, the growth of grapevines usually reaches 70-80 cm (in 

California conditions - over a metre), and a well-developed root system actively forms on the 

rootstock. As a result, the farmer who establishes their plantation using vegetative planting material 
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developed shoots, and a robust root system. Planting such vines should ensure good survival rates, 

longevity, and productivity of the plantations. 

Indeed, modern technologies for producing grafted grapevine seedlings should be tailored 

according to the quality of the initial material used for grafting. The quality of this material directly 

influences the yield of grape vines from the nursery, their survival, growth, and longevity in their 

permanent place. The significance of research in this direction is also linked to the current focus on 

creating new, high-quality, and high-yielding plantations with superior product quality. 

1.2 The Impact of the Different Quality  Cuttings for Propagation and Planting Stock on the 
Viability and Productivity of Vineyards  

In the complex chain of grapevine propagation, the development of a technology based on the 

understanding of physiological and biochemical processes occurring during the graft union is crucial. 

Modern grapevine propagation technologies should be tailored to the quality of the initial material 

used for grafting. The material used for propagation must possess sufficient energy reserves to support 

regenerative processes and be in a physiological state that allows for the mobilisation and utilisation 

of these energy reserves while enduring the demands of complex technological procedures [339].  

A. Mishurenko [268] believes that the decisive factor in increasing the output and improving 

the quality of grafted planting material is to shoot maturation and accumulation of nutrients in them. 

In most cases, cane quality is determined by the degree of vine maturation, which is associated 

with external characteristics, as well as carbohydrate accumulation, anatomical structure and other 

parameters [207, 231]. Simple histochemical methods have been developed to determine the degree 

of cane maturation and its suitability for grafting [264, 163]. 

Eifert Jozsef, Eifert Jozsefny [337] believe that the percentage of carbohydrates in the cane is 

not always a good criterion for determining its quality, therefore the total carbohydrate reserve in the 

cuttings is important. In this sense, a thick can always has a greater carbohydrate reserve than a thin 

cane, despite the same percentage of carbohydrate content. The energy stored in carbohydrates must 

be sufficient for callus formation and rooting, as they are actively used during the regeneration 

process. 

Eifert Jozefny [339] believes that the concept of mature cane is a very succinct one. It includes 

the ability of the cane to possess all the physiological properties necessary for bipolar regeneration 

(grafting, fusion and rooting) and to be in a physiological state in which it can withstand the stresses 

imposed by the technology. The author believes that cane maturity should be assessed by anatomical 
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structure (the ratio of wood to heartwood and the number of layers of hard husk); water content in the 

cane and the ability to retain it; carbohydrate content as a percentage of dry matter and carbohydrate 

reserve in 100 cuttings, as well as other indicators - frost resistance, mineral composition (nitrogen, 

potassium, boron and zinc content), weight of cuttings and other factors determined by the methods 

of their cultivation. 

The highest regeneration capacity (callus formation, rooting) is characterised by cuttings 

prepared from the middle and upper parts of the cane. Based on the research of L. Kolesnik [205], L. 

Maltabar [233], A. Mishurenko [268], the most productive cuttings within one shoot are those cut 

from the middle and lower parts of the shoot. Cuttings from the top part of the shoot, even if they 

fulfill the requirements of the standard and have matured normally, give a lower survival rate and 

somewhat worse quality seedlings, compared to cuttings from the lower or middle part of the same 

shoot. At the same time, thin, normally woody cuttings, if well preserved, root no worse and often 

even better than thicker cuttings. 

L. Kolesnik [205] notes that morphological features of cuttings (thickness, character of bark 

and wood structure on different sides of cuttings, as well as the ratio of wood and heartwood 

diameters) can serve as indicators of nutrient distribution, largely determining the regeneration 

processes in grafted grape cuttings. The author found that the cuttings suitable for grafting are those 

that have a diameter of 6-10 mm in the upper part, a full circle of bundles of hard husk, uninterrupted 

on the grooved side, well-developed wood on all sides and a small heartwood. 

D. Petrash [299] also notes that the increasing radius of conducting tissues as well as the 

decreasing ratio of cuttings diameter to heartwood are the main anatomical indicators of the quality 

of rootstock cuttings. At the same time, according to Eifert Jozsefny [339], anatomical characteristics, 

although interestingly informing about cane development, variety, growing place and weather 

conditions, at the same time are not suitable for determining the valuable qualities of the vine, its 

ability to regenerate, the exception being the number of layers of the hard husk. 

According to A.I. Derendovskaia [181], cuttings of the rootstock differ in anatomical structure, 

carbohydrate content and level of physiological activity by cane length. According to the totality of 

anatomical and biochemical parameters, cuttings from all zones within the standard are suitable for 

grafting in the RxR 101-14 variety, and cuttings from the base and middle of the cane in the BxR CO4 

variety. Cuttings from the upper zone, even though in terms of thickness they are suitable for grafting, 

at the same time, in terms of anatomical and biochemical parameters (size of conductive tissues, 
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grafting success, especially under conditions of low temperature or high humidity. Conversely, 

excessive lignification can hinder callus formation and slow down the grafting process, particularly 

when the rootstock and scion have differing growth rates or structural characteristics. 

These factors are especially critical in the industrial production of planting material, where 

high production rates demand minimal losses during grafting. Consequently, modern grapevine 

nurseries place significant emphasis on developing methods for the preliminary assessment of 

rootstock and scion compatibility based on biochemical and physiological parameters. This includes 

the study of hormonal balance, anatomical tissue characteristics, and enzyme activity responsible for 

callus formation. In recent years, biotechnological approaches have been actively developed, 

including the use of growth stimulators, anti-stress agents, and callus formation regulators. These 

innovations enhance compatibility, accelerate graft union formation, improve the quality of planting 

material, reduce production losses, and enhance the adaptability of grafted plants to various growing 

conditions. 

L. Kolesnik [205], while studying the different quality of buds on grapevine canes, found that 

nodes, where inflorescences or tendrils are located, have a higher carbohydrate content. Therefore, 

the highest yield of first-grade saplings is obtained when grafting buds from the lower part of the cane, 

where inflorescences or tendrils were present. The best canes for grafting are those located on 

replacement canes, at the base of fruiting canes, and on perennial branches. They form callus more 

effectively and provide a higher yield of grafted saplings. 

Reducing the photoperiod during shoot growth, which is believed to decrease carbohydrate 

reserves due to reduced photosynthesis, negatively impacts the rooting of cuttings [65, 66]. The 

reduction in available carbohydrates limits the energy resources necessary for callus formation and 

root initiation, critical processes in the establishment of new plants. This factor may also explain the 

lower productivity of cuttings from the apical parts of the grapevine compared to those from basal 

ends [86]. Apical cuttings often contain fewer stored nutrients and lower carbohydrate reserves due 

to their younger, less lignified tissues and their proximity to the shoot's growing tip, where energy is 

primarily directed toward elongation and leaf formation. In contrast, basal cuttings, being more 

mature, tend to accumulate greater carbohydrate reserves and exhibit more robust lignification, 

contributing to improved callus formation and rooting efficiency. Understanding these physiological 

dynamics highlights the importance of selecting cuttings from specific parts of the vine for 

propagation and optimizing photoperiod conditions during the growing season to enhance the success 
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A. Subbotovich [322] notes that, when using scion cuttings with tendril in the cultivation of 

grape saplings in the nursery and after planting the saplings at their permanent location, tissue necrosis 

on the opposite side of the growing shoot of the scion mostly occurs up to the node, and only a small 

number of vines experience necrosis beyond the node. On the other hand, when using scion cuttings 

without tendril, in the majority of plants (up to 70%), tissue necrosis occurs on the opposite side of 

the growing shoot of the scion at a considerable distance, extending below the node up to 3 cm. 

The quality of scion and rootstock canes is largely determined by their varietal characteristics, 

soil and climatic conditions of growth, and the level of agricultural technology. Activation of 

regeneration processes is achieved through various external factors, among which synthetic growth 

regulators play a leading role. The action of these compounds on regeneration processes depends, on 

the one hand, on the content of plastic substances in the cuttings, and the other hand, on the internal 

hormonal status of the components during the period of their union [181]. 

Based on long-term research, it has been established that rootstock cuttings taken from 

different zones of the cane exhibit varying regenerative activity and, at the same time, different 

responsiveness to treatment with growth regulators, particularly heteroauxin. It has been found that 

treating the apical part of grafted cuttings with a solution of heteroauxin promotes the enhancement 

of their regenerative activity and increases the output of grafted saplings from the nursery by 6.0-

10.0%, especially when using cuttings from the upper zone of the cane, characterised by weak callus-

forming ability [225]. 

Therefore, in production conditions, an essential practice should be the calibration of rootstock 

cuttings before grafting into groups based on thickness and using heteroauxin only for treating grafted 

cuttings with relatively low callus-forming ability, especially those from the upper zone of the cane. 

Thus, up until now, there has been no clear and definite concept established to determine the 

influence of the quality of rootstock and scion cuttings on the output of grape saplings from the 

nursery, the longevity and productivity of future grapevine plantations, and the effectiveness of all 

subsequent agrotechnical methods during their cultivation. 

1.3. Planting and Care Technology for Vineyards 

The effectiveness of the grape growing industry largely depends on how well the site for 

planting the vineyard is chosen. There are numerous cases where vineyards in significant areas 

produce low or poor-quality yields, despite high-level agronomic practices. The reasons for such 
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phenomena are likely related to the mismatch between the soil and hydrological conditions of the area 

and the requirements of grapevines [96]. 

When establishing new grape plantations, it is essential to consider that they will be in 

operation for several decades, and mistakes made during their establishment can have long-lasting 

effects on the conditions of operation, as well as on the quantity and quality of the harvest [201]. 

When establishing grape vineyards, it is essential to consider the specific characteristics of the 

grape culture that distinguish it among other perennial crops. These include cultivation requirements, 

commercial qualities, biological characteristics, environmental factors, and agrotechnical features 

[165].  

The establishment of new vineyards must be carried out in accordance with the law on grape 

and wine [80]. Vineyards should be located within the designated areas suitable for grape cultivation, 

where the climate, soil, terrain, and other environmental factors meet the requirements of grape culture 

[24, 25, 27, 199]. 

The selection of land for establishing vineyards is a technical and legal process regulated by 

governmental authorities, through which the land plot for the vineyard is determined, along with the 

choice of grape variety and the intended purpose of the vineyard (e.g., for producing table grapes, 

sparkling wine materials, white and red wines, etc.) [26, 197, 200]. 

The influence of weather and climatic conditions on crops, especially on perennial fruit crops 

and vineyards, is evident. With the selection of new high-yielding varieties, the demand for accurate 

and detailed agroclimatic information significantly increases. 

Agro-climatic conditions of territories characterise the long-term patterns of light exposure, 

temperature, and moisture during the vegetation periods of crops, as well as during the preparation 

and completion of vegetation and the period of forced winter dormancy. Comparing these conditions 

with the requirements of crops for light, warmth, and moisture allows us to determine the availability 

of light, heat, and moisture resources for the crops, as well as the risk of frost and freezing on the 

territories. In the first half of the last century, various indicators were proposed to characterise the 

resources of light, heat, and moisture. These indicators include the duration of sunshine, the sum of 

total and photosynthetically active radiation, the sum of active and effective temperatures, the amount 

of precipitation during warm and cold periods, and the storage of productive soil moisture in layers of 

0-50 cm, 0-100 cm, and 0-150 cm. Frost hazard is assessed based on the average of absolute annual 
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of a well-developed aboveground and root system, and, in the case of grafted saplings, a well-formed 

union at the grafting point. 

A. Subbotovich [322]  notes that an important factor influencing the survival, growth, and 

development of young vines in their permanent location is the thickness of the rootstock portion. This 

thickness often varies significantly in saplings that fully meet the standards' requirements. The 

division of vines into groups based on the thickness of the rootstock portion: 6.5-7.9 mm, 8.0-9.9 mm, 

and >10.0 mm, allowed the author to conclude that with increasing thickness, the content of 

carbohydrates in the vines increases by 1.5-2.0 times, as well as the moisture content in the tissues of 

the organs, and there are changes in the anatomical structure of the shoots. Such saplings, after 

planting in their permanent location, exhibit a 100% survival rate, good growth, early onset of fruiting, 

and higher yields in the third year after planting compared to saplings with rootstock thicknesses of 

6.5-7.9 mm. Further research has established a direct correlation between the thickness of the cuttings 

used for grafting, the output of grape saplings from the nursery, their survival rate, and growth in their 

permanent location. The author suggests that the uneven development of vines and significant 

variability in yields within the vineyard are a direct consequence of the considerable diversity in the 

quality of the planting material within the standard. The author recommends calibrating the saplings 

and planting them in their permanent location in groups, depending on the thickness of the rootstock 

portion. 

Indeed, according to G. Nicolaescu et al. [282], the quality of the grafted saplings used has a 

significant impact on their survival, growth, and development in their permanent location. Ultimately, 

this has a substantial influence on the productivity of the plantations. 

In recent years, in the Republic of Moldova, vineyards have been established using high-

quality planting material of selected clones, which are free from viral and mycoplasma diseases, 

nematodes, and bacterial canker [157]. The grafted saplings exhibit enhanced viability. After being 

planted in their permanent location, vines show vigorous growth of main shoots and lateral shoots, as 

well as increased physiological activity of the leaf apparatus and proper vine ripening, all within the 

first year. The task of grape growers is to use these observed characteristics rationally to accelerate 

the formation of appropriate plant shapes and ensure a faster entry into fruit-bearing. In connection 

with this, one of the main tasks is to determine the cultivation system (covered, uncovered, or semi-

covered), types of supports, and vine training methods, to organise the vineyard management practices 

for the future years. It is especially important to carry out meticulous work on young vineyards before 
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The pioneer of the high-culture style of training vines was Lenz Moser from Austria. 

According to L. Moser's method [273] for training vines high-culture, it involves planting high-trained 

vineyards with relatively frost-resistant varieties, using 3 pairs of training wires, a feeding area of 3-

3.5 x 1.2 metres, forming a straight and stable trunk of 1.3-1.35 metres high, and tying each plant to 

support, allowing the shoots to develop freely and hang down. 

After initial research conducted in the Republic of Moldova by I. Mikhaylyuk [265], in Crimea 

by P. Bolgarev et al. [155], in the southern Ukraine, Odessa region, by L. Nikiforova et al. [281], in 

the Don and Northern Caucasus regions by Sh. Guseynov [176], O. Ryabchun [312], and others, the 

high-trained vine system was widely adopted in production. 

Information about the state and development features of the high-stem grape culture in the 

Republic of Moldova is summarised in the works of I. Mikhaylyuk [265], I. Mikhaylyuk, M. 

Cuharschii et al. [266], M. Cuharschii et al. [208, 211, 212, 215, 219]. 

At present, the improvement of the high-culture vine system is being pursued through the 

rational placement of plantations in the most optimal natural and economic zones [41, 42]. This system 

of vine training is used alongside traditional varieties for new selection varieties, high-yielding ones, 

with group resistance to adverse environmental conditions, diseases, and pests [23]. Research is being 

conducted to find effective vine training systems and variety-specific agronomic practices, as well as 

to increase the mechanisation level of various vineyard tasks, including harvesting and pruning, 

among others [33]. Ultimately, the main goal of these new technologies is to consistently achieve high 

yields of top-quality grapes while minimising the need for manual labour and resources [39].  

The creation of intensive vine plantations with a high-trained vine system requires timely 

training of the vines, and their pruning during the preparation period for fruit-bearing has its specific 

characteristics. These are largely determined by the soil-climatic and biological properties of the grape 

varieties, as well as several other factors [208]. 

Cordon forms of grapevines are characterised by the presence of elongated permanent 

branches called "cordons," on which spurs bearing fruit links, spurs, and canes are arranged in a 

specific order. They have trunks of varying heights and 1-2, rarely 4, permanent arms [210]. 

Horizontal cordons, particularly the two-trunk bilateral cordon introduced by I.V. Mihailiuk, 

have gained the most widespread adoption [294]. The two-trunk cordon form of the hub vine is 

characterised by its simplicity in development and the ability to create equal strength and age of arms 

and other skeletal elements by the fourth year of vegetation. Years of practice have shown that this 
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form of hub vines, especially with vigorous varieties and relatively nutrient-rich and well-watered 

soils, is highly effective and easier to rejuvenate [215]. 

According to I. Mihayluk's recommendations [265], the formation of the trunk in cordon-

trained vines should begin in the second or third year of vegetation. For this purpose, during the spring 

pruning, 1-2 two or three-bud spurs are left on the hub vine. In the future, during the first bending and 

tying, two of the most well-developed shoots are retained for the trunks, and one is kept as a reserve 

on each vine. On the main trunk shoots, the lateral shoots are removed during tying, while on the 

reserve shoots, starting from the second breaking and training, the tops are pinched, and no lateral 

shoot removal is done. 

When the shoots reach approximately 40-50 cm above the future level of the first wire tier of 

the trellis, they are gently bent and tied to the first wire. To provide greater strength to the future 

trunks, they are interwoven with each other at the upper part and, after bending, laid horizontally in 

opposite directions on the first wire tier of the trellis and tied to form branches (cordons). The creation 

of cordons' branches can also be achieved from the upper lateral shoots by pruning the main trunk 

shoots at the level of the first wire tier of the trellis. The choice of methods for forming cordons' 

branches and other skeletal elements of the vine depends on the biological characteristics of the 

varieties and the conditions of their cultivation [216]. The more vigorous the growth of the vines and 

the more favourable the soil and climatic conditions, the easier it is to achieve the planned training of 

the plantings through green operations [37, 43]. 

One of the most commonly used training methods in U.S. commercial viticulture is the cordon 

training system. This system is widely adopted for its effectiveness in managing vine growth, 

optimizing photosynthetic activity, and improving yield quality. The cordon system involves 

arranging the vine horizontally along wire, where individual branches are secured, ensuring good 

ventilation and easy access to the plants for agronomic practices such as pruning, treatment, and 

harvest [107]. 

The architecture of grapevines, their geometric structure, and their external form determine 

the distribution of the assimilation surface in space. These aspects play a key role in shaping the 

radiation regime of the vines, thereby determining their photosynthetic activity, the level of energy 

exchange in plants, and the vineyards as a whole [154]. 

The ecological conditions of the area are key factors that determine the growth and 

development of grapevine shoots. Climate parameters, such as temperature, precipitation, solar 
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2. MATERIALS AND METHODS  
2.1. Experimental plot 

The experimental vineyards are located in the southern part of the Republic of Moldova, in the 

ATU Gagauzia, at the SC "Tomai-Vinex" SA farm. Experimental plot No. 1 (Experimental Scheme I 

and II) covers an area of 1.11 ha, with the following coordinates: 46.157727, 28.791652. Experimental 

plot No. 2 (Experimental Scheme III and IV) is located at coordinates 46.1542651, 28.8011721. 

The experiments were conducted in the nursery and on the grapevine plantations 

(Experimental Schemes I, II). After stratification and hardening, the grafted cuttings were planted in 

the nursery, which was mulched with black light-impermeable film, in a 4-fold repetition. After 

digging out from the nursery, the different-quality grape saplings of clone R5 Cabernet Sauvignon 

variety, grafted on the rootstocks BxR Kober 5 BB and RxR 101-14, were planted in their permanent 

place in the spring of 2005. The experimental plot is situated on a southwest-facing slope with a 

steepness of 50. The planting scheme for the vines is 2.75 m between rows and 1.5 m between plants 

in a row (fig. A 1.8). 

Experimental Schemes III , IV - grape plantations of clone R5 Cabernet Sauvignon variety, and 

clone 348 Merlot variety, grafted on 5BB rootstock, were planted in 2006, with a planting scheme of 

2.5x1.35 meters (Figure A 1.13).  

Formation of a two-trunk bilateral horizontal cordon vine-shape according to I. Mikhaylyuk 

[265]. Shoot management was implemented using a vertical shoot positioning system on an upright 

trellis. A plant support stake is placed near each vine trunk. The trellis system consists of intermediate 

posts set at a height of 1.8 meters, and edge posts set at a height of 2 meters at a 45-degree angle 

opposite to the row direction, secured with anchor bracing. All tiers of wires are tensioned using 

Gripple devices, ensuring the trellis structure's strength, vine canopy and ability to withstand the load 

of the total mass of green shoots and clusters. 

The soil in the experimental plots is kept under "black steam". Weed control is carried out 

through mechanical methods such as inter-row and inter-plant cultivation, deep loosening, hand 

weeding, and others. Chemical methods are employed to combat diseases and pests through the 

application of fungicides and insecticides. During the vegetation period, various operations on the 

green parts of the plants were performed, such as pruning, tying and training of shoots, shoot tipping, 

and more. 
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formation at the grafting site, the formation of compact and uniform callus around the entire 

circumference of the graft cut, and enhances the growth and maturation of the grafted vines. When 

selecting the concentration of Calovit for treating the apical part of the grafted cuttings, the studies of 

S. Ungureanu, I. Panea, T. Panea et al. [132] were followed, which recommended using the 

preparation at a dosage of 1.5% to enhance callus formation at the graft union. 

In the development of this experimental scheme, the studies conducted by N. Guzun [172, 

173], E. Morosan [274], A. Subbotovich, N. Perstnev, E. Moroshan [323] was taken into account. 

These studies have established that using the apical parts of grafted cuttings as the initial material for 

grafting contributes to the improvement of grafted vines' quality and better development of vines in 

their permanent place. 

Grafting (Experimental Scheme I, and II) was performed at the same time - mid-March (2004), 

using a mechanized method with the help of the UPV-1 device. The formation of the grafting 

components was done with an omega-shaped knife, creating a tongue on the rootstock and a 

corresponding groove on the scion. In each experimental option, 500-700 grafts were performed, 

depending on the experimental schemes. The grafted cuttings were stratified in boxes filled with 

sawdust in a general heating area. After stratification and hardening, the grafted cuttings were planted 

in the nursery. After digging out the saplings from the nursery, storage, their preplanting preparation, 

an experimental plot of vine plantations was established in 2005, according to the experimental 

schemes (Figure A 1.5, Figure A 1.6, Figure A 1.7). The experimental plot was used for long-term 

studies of growth, development and productivity of grapevines. 

Experimental Scheme III aimed to study the features of growth, development, and 

productivity of clone R5 of the Cabernet-Sauvignon variety and clone 348 of the Merlot variety 

grafted onto the BxR Kober 5BB rootstock, depending on the shoot management system of the 

grapevines. 

At SC "Tomai-Vinex" SA, the vineyards of the clone R5 Cabernet Sauvignon and the clone 

348 Merlot grafted onto the BxR Kober 5BB were planted using a specific technique: distance 

between rows was 2.5 m, and the distance between vines was 1.35 m, shape of vines - two-stem 

horizontal two-sided cordon, with hanging shoot positioning; height of the stem 80 cm; trellis - vertical 

with two tiers of wires, the first tier of wires is located at the height of the stem, the second at a distance 

of 50-55 cm from the first; intermediate and marginal posts height of 1.5m. 
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2.3.1. Cabernet Sauvignon Clone R5 

Cabernet Sauvignon is a popular French variety with a medium-late ripening period. It belongs 

to the Western European Ecogeographical group of grape varieties and is widely cultivated in many 

countries around the world. It is also recognized and grown in several countries of the Commonwealth 

of Independent States (CIS) such as Moldova, Ukraine, Russia, Kazakhstan, Georgia, and Azerbaijan. 

The leaves of this variety are medium-sized, rounded, five-lobed, deeply divided, wide-

cupped, dark green, with a reticulated and wrinkled texture, and partially pubescent on the lower side. 

The leaves of this variety are medium-sized, rounded, five-

lobed, deeply divided, wide-cupped, dark green, with a 

reticulated and wrinkled texture, and partially pubescent on the 

lower side. The pedicel sinus is deep, closed, round, or open, 

lyre-shaped, limited by veins. The flowers are hermaphroditic. 

The clusters are medium-sized, cylindrical-conical, dense, and 

sometimes loose. The berries are medium-sized to small, round, 

dark blue with abundant wax bloom. The skin is thick and 

strong. The flesh is juicy with a Muscat Flavour (fig. 2.1). 

The period from budbreak to technical maturity of the 

berries is 145-165 days with a sum of active temperatures of 

2900-3200 degrees Celsius. The vines are of medium to vigorous growth. Shoot maturation is good. 

Yield ranges from 6 to 10 tons per hectare. The variety is relatively resistant to frost and grey mould. 

Cabernet Sauvignon is used for the production of sparkling wine materials as well as high-

quality table, fortified, and dessert wines. 

It thrives well on slopes with warm exposures and moderately productive soils. It is 

recommended to be grown on ordinary and calcareous chernozems with medium to heavy loamy 

mechanical composition. To obtain sparkling wine materials, the variety should be cultivated on 

alkaline black soils, typical black soils, and ordinary medium loamy soils. The recommended 

rootstocks for grafting this variety are RxR 101-14 and BxR Kober 5BB [340]. 

Clone R5 of Cabernet Sauvignon (Cabernet Sauvignon 39, Conegliano, Italy) was obtained 

through individual clone selection. It was introduced to the Republic of Moldova from Italy in 1998-

1999. This clone exhibits good and stable yield characteristics, ranging from 10 to 12 tons per hectare 

[20]. Its ampelographic description does not differ from the Cabernet Sauvignon variety. In favourable 

Fig. 2.1. Grape cluster. 
Cabernet Sauvignon Variety.  
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climatic conditions, it accumulates high sugar content, which is sufficient for the production of high-

quality red table wines (sugar content up to 230 g/dm3, acidity - 6-8 g/dm3) [216, 35, 36]. 

2.3.2. Merlot Clone 348 

Merlot (derived from the French word "merle," meaning "blackbird") is a French technical 

grape variety widely cultivated along the Mediterranean coast, in Algeria, and in southern Russia. 

According to genetic research conducted by the Davis Institute (California, USA), its parents are 

Cabernet Franc and Magdeleine Noire des Charentes [340]. Synonyms: Ojaleshi Lekhumi, Ojaleshi, 

Bigney, Bini, Picard, Planet Medoc, Vitraille, Vidal. 

Merlot belongs to the eco-geographical group of Western European grape varieties. The young 

shoot crown has a grey colour with pink spots. It is densely and velvety pubescent. The leaves are 

green with a slight bronze hue. Mature one-year-old shoots are yellowish-brown with darker nodes. 

The Merlot leaf is medium-sized, rounded, moderately dissected, five-lobed, funnel-shaped curved. 

The upper notches are medium-deep, mostly closed, with an elliptical aperture. At the bottom of the 

notch, a denticle is often observed. Petiolar notch open, lyre-

shaped or lancet-shaped. The triangular-toothed tips of the 

blades have weakly convex sides. The teeth along the edge are 

triangular. The undersurface of the leaf has sparse cobweb-

like hairs. The flower is bisexual. The grape cluster is 

medium-sized (12-17 cm long, 7-12 cm wide), cylindrical-

conical, sometimes winged, and moderately dense. The cluster 

weighs 113-150 grams (fig. 2.2). The cluster stem is of 

medium length. The berry is medium-sized (13-14 mm long, 

12-13 mm wide), round, and black with abundant wax bloom. The pulp is juicy, with colourless juice. 

The skin is firm. The taste is harmonious, with a hint of plum flavour. The average weight of 100 

berries is 100-140 grams. There are 1-3 seeds per berry. 

The vegetative period, from bud break to the technical maturity of the grapes intended for table 

wine production, takes 152 days for dessert wines and 164 days. The sum of active temperatures 

during this period reaches 30000C-33000C. The grape harvest is carried out in late September to early 

October. The growth of shoots is of medium to above-average strength. By the time autumn frosts 

occur, the vine is 90-95% ripe. The variety has a high and stable yield. Fruit-bearing shoots make up 

52.8% of the vine, with an average number of clusters per developed shoot being 0.6 and 1.2 fruit-

Fig. 2.2. Grape cluster. 
Merlot Variety.  
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bearing shoots. Regarding resistance, the Merlot variety shows relative resistance to mildew, grape 

rot, and frost, but it is highly susceptible to powdery mildew. Occasionally, berry shelling may occur. 

The Merlot variety has moderate resistance to drought. Secondary, dormant, and axillary buds have 

low productivity. 

Mechanical composition of the grape (%): juice - 73.5, skins - 4.3, pulp and seeds - 22.2. Sugar 

content at harvest ranges from 19.5 to 22 g/100 ml, acidity ranges from 5.2 to 8.5 g/l. In cooler years, 

Merlot ripens better than Cabernet Sauvignon, while in warmer years, it accumulates more sugar. 

The grape harvest of Merlot is used for the production of high-quality table and dessert wines, 

as well as for blending to enhance other red wines and juices. Its large and thin-skinned berries 

typically produce wines with lower tannin content and richer flavours, and they also ripen earlier than 

other varieties. Merlot is used to produce varietal wines, especially in the United States, where it is 

considered a lighter wine compared to Cabernet Sauvignon, and in northeastern Italy, where this grape 

also ripens well. Merlot is very common in Chile. Wines made from Merlot are known for their intense 

colour, fullness, harmonious taste, and distinctive bouquet. 

Clone 348 of the Merlot variety was imported to the Republic of Moldova from France in 

1998-1999. According to data from the Chambre d'Agriculture de Gironde, Chambre d'Agriculture de 

l'Aude, Chambre d'Agriculture des Bouches-du-Rhône, and Chambre d'Agriculture du Gard, this 

clone was developed in 1975 by the research institute INRA in Gironde (Bordeaux), France [21]. The 

grape harvest from this clone allows for the production of rounded, extractive wines that are rich in 

colouring substances. These wines have high alcohol content and relatively low levels of titratable 

acidity. They are full-bodied and well-structured, with fairly supple tannins, demonstrating good 

typicity. They are fruity, approachable, and vibrant, with a tannic structure that makes them suitable 

for ageing. The aromas are complex and elegant. 

2.3.3. Berlandieri x Riparia Kober 5BB 

Synonyms: Kober, Kober 5BB, Teleki 5BB. The variety was developed by breeder F. Kober 

in Austria in Neusberg through clonal selection from seeds of Berlandieri x Riparia Teleki obtained 

in 1904 from Teleki (Hungary). It has been widely spread in Moldova since 1946. 

The woody shoots are dark brown in colour. The variety has vigorous growth, weak suckering, 

and good compatibility with most European varieties. It noticeably enhances the growth of grafted 

varieties, so it should primarily be used for low-vigour varieties (such as Pearl Saba, White Chasselas, 

etc.). Cuttings root relatively well but not as well as with the RxR 101-14 variety. Despite the 
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carbonates. Therefore, it can only be planted on soils with active lime content not exceeding 9% 

(according to the P. Gale scale) [332]. 

It has a good affinity (compatibility) with the majority of European grape varieties. When 

grafted onto this rootstock, early-ripening grape varieties mature faster and accumulate more sugars 

compared to other rootstocks [171].  

2.4. Methods 

2.4.1. Soil conditions 

The characterization of soil conditions was based on data provided in the vineyard planting 

project [103].  

2.4.2. Meteorological conditions 

The analysis of meteorological conditions for the research years was conducted using data 

from the Agro-Industrial Complex of ATU Gagauzia. The monthly precipitation was calculated in 

millimetres, and the annual precipitation totals for each year of the study were also calculated in 

millimetres. The average monthly air temperature values for each year of the study were calculated in 

degrees Celsius, and the average annual air temperature for each year of the study was determined. 

The sum of active temperatures was calculated for each year of the study [73]. 

2.4.3. Quality of Rootstock Cuttings before Grafting 

1. Measurements of cutting thickness (from the ventral to the dorsal side and from the flat to the 

grooved side) in millimetres were performed using a calliper; 

2. Determination of raw and absolutely dry biomass of the cuttings was carried out in grams. The 

analysis was conducted on 10 cuttings from each rootstock batch; 

3. The content of soluble sugars was determined using a modified micro-method by Bertrand with 

the assistance of a Photocolorimeter [167, 263]; 

4. The starch content was determined using the calorimetric method by H. Pochink [185]. 

2.4.4. Processes of Regeneration, the Growth of Grafted Plants in the Nursery, the 

Emergence of Saplings from the Nursery, and Their Quality 

1. Accounting for callus formation at the site of graft union was done separately for scion and 

rootstock. The assessment was performed on an average sample of grafts (25 pieces) taken from 

different parts of the stratification box at the end of the stratification period. The percentage of 

grafts with a circular callus on scion and rootstock was calculated relative to the total number of 

grafts in the sample [205]; 
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2. The growth of shoots emerging from the eyes of the scion was measured with a ruler and expressed 

in centimetres. The formation of roots below the eyes, callus, root primordia, and roots on the 

basal part of the grafted cuttings was evaluated through visual inspection of the grafted cuttings 

selected for analysis; 

3. Graft union success was determined by visually inspecting the grafting cuts after the separation of 

the graft components. The percentage of grafts with vessels was calculated; 

4. The number of grafted cuttings with budding (swollen) buds was determined after sorting and 

expressed in both absolute numbers and percentages; 

5. The survival rate of grafted cuttings in the nursery was assessed by counting the successfully 

established cuttings and expressed in both absolute numbers and percentages; 

6. The dynamics of shoot growth in the grafted plants in the nursery were analysed following S. 

Melnik's method [256]; 

7. The yield of first-grade grape vines was recorded after digging them out from the nursery and 

expressed as a percentage of both the number of grafts made and the number of vines planted in 

the nursery; 

8. The quality of grafted vines was evaluated based on morphological characteristics, such as the 

presence of a circular callus, the size of shoot growth, and the root system. The assessment was 

conducted on 10 vines in each experimental variant. 

9. The length, diameter, and volume (mass) of the total and matured shoots' growth were measured 

and expressed in centimetres (cm) and cubic centimetres (cm³) respectively. The total number of 

roots and the number of roots with diameters of 2-3mm and <2mm were determined by counting 

them and expressed in absolute numbers (counted as pieces). 

2.4.5. Survival Rate of Grafting Saplings, Growth, and Development of Vines 

1. The survival rate of grafted saplings in their permanent location was determined by counting the 

surviving vines, expressed as a percentage of the planted number [242]; 

2. The assessment of vine development was conducted in the third year after planting, in the spring 

after pruning. They were categorically divided into: vigorous (with two trunks and two arms), 

medium (with one or two trunks and one arm), and weak (with underdeveloped trunks). In all 

experimental variants, the number of vines in each of these groups was counted and expressed in 

units and percentages (%); 
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According to A. Merzhanian [261], the active life of grapevines, depending on the variety, 

starts at temperatures between +90C to +120C. For calculations, the biological zero is taken at an 

average daily air temperature of +100C. According to N. Perstniov [294], a minimum cumulative sum 

of active temperatures of 25000C is required for grape development. 

Normal shoot growth is observed at temperatures between +200C to +300C, while an increase 

in temperature to +250C to +300C promotes more vigorous growth and good flowering. Further 

temperature rises during the vegetation period to +370C to +400C suppresses the plants, and weakens 

their growth, especially under soil moisture deficiency [96]. 

Grapes are plants of warm and temperate climates and are often subjected to the adverse effects 

of low temperatures [279, 280]. It has been established that in some years, buds are damaged at 

temperatures between -180C to -200C, shoots at -220C, perennial wood at -250C, European varieties' 

roots at -50C to -70C, and American varieties' roots at -100C. 

The territory of Moldova is characterized by high variability of climate due to atmospheric 

circulation and the relief of the terrain. During winter, the invasion of northern and eastern 

anticyclones, as well as western and southwest cyclones, leads to sharp drops in air temperatures and 

anomalous warm spells with increased precipitation. In summer, under the influence of the Azore's 

high-pressure system, hot and dry weather prevails in Moldova [197, 199]. 

The annual duration of sunshine varies from 2060 hours in the north to 2330 hours in the south. 

The average annual air temperature is positive and ranges from +8.00C to +9.00C in the north, from 

+9.00C to +9.50C in the central region, and from +9.50C to +10.00C in the south. The average monthly 

air temperature in the warmest month (July) fluctuates from +19.50C in the north to +22.00C in the 

south, and in the coldest month (January) from -4.50C in the north to -300C in the south. The sum of 

active air temperatures varies in the north from 2750°C to 3000°C, in the central region from 28500C 

to 31000C, and in the south from 31000C to 33500C. The duration of the vegetation period ranges from 

169 to 174 days in the north, from 175 to 180 days in the central region, and from 184 to 189 days in 

the south. The average of absolute annual minimum temperatures is -240C to -230C in the north, -230C 

to -220C in the central region, and -210C to -190C in the south [18]. 

Humidity, like temperature, has a significant impact on the growth, development, and fruiting 

of grapes, which, thanks to its deep-rooting system, is considered relatively drought-resistant. Grape 

cultivation can be successful with annual precipitation ranging from 250-300 to 600-700 mm [150, 

151]. 
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Fig. 3.8. Mean monthly temperature values (t,0C). 

Source: Analysis was carried out by the author of the data from the Agro-Industrial Complex of the ATU Gagauzia 
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Fig. 3.9. Monthly averages of precipitation (mm) 

Source: Analysis was carried out by the author of the data from the Agro-Industrial Complex of the ATU Gagauzia 
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Fig. 3.11. Dynamics of the Area of Fruit-Bearing Grape Plantations,  

ATU Gagauzia, 1997-2021 
Source: Calculated by the author of the data from the Agro-Industrial Complex of the ATU Gagauzia. 

According to the trend equation (y=-513.68x+1,041.15), a decreasing trend in the fruit-bearing 

area of grape plantations in ATU Gagauzia from 1997 to 2021 has been observed, with an average 

annual decrease of 513.68 hectares (fig. 3.11, tab. A 3.1). 

An analysis of the dynamics of grape cultivation over the past 25 years (1997-2021) shows a 

noticeable increase in grape yield. As indicated by the trend equation (y = 0.23x - 4552.1), the average 

annual increase in grape productivity amounts to 0.23 tons per hectare (fig. 3.12, tab. A 3.1). 

 

Fig. 3.12. Dynamics of Grapevine Plantations Yield, ATU Gagauzia, 1997-2021. 
Source: Calculated by the author of the data from the Agro-Industrial Complex of the ATU Gagauzia. 
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The graphical representation of grapevine plantations yield dynamics for the study period 

indicates that according to the polynomial trend (y = 0.0671x2 - 267,39x + 266339), the grape harvest 

per unit area shows a tendency to increase, especially in recent years (fig. 3.12). 

During the period of 1997-2008, the average annual grape yield is 2.97 tons/hectare, with a 

slight yearly increase of 0.07 tons/hectare (y = 0.07x - 12.2) (fig. A 3.4a). For the years 2009-2021, 

the average annual yield is 5.53 tons/hectare, with an annual growth of 0.37 tons/hectare (y = 0.37x - 

73.3) (Figure A 3.4b). 

On average, over the analyzed period, the total grape harvest in ATU Gagauzia amounts to 

30,743.1 tons per year, of which 54.5% (16,764 tons) comes from the Comrat District, 29.1% (8,948.6 

tons) from the Vulcanesti District, and 16.4% (5,031.8 tons) from the Chadir-Lunga District. It is 

noteworthy that as grape yield increases, there is a tendency for a decrease in the total grape harvest 

by 262.94 tons per year (y = -262.94x + 563,017), which is associated with a reduction in the cultivated 

area for grapevines (fig. 3.13, tab. 3.2). 

 
Fig. 3.13. Dynamics of Gross Grape Yield in the ATU Gagauzia, 1997-2021. 

Source: Calculated by the author of the data from the Agro-Industrial Complex of the ATU Gagauzia. 

Calculations of indicators for the sustainability of grape production in agricultural enterprises 

in ATU Gagauzia from 1997 to 2021 reveal a significant difference between the maximum and 

minimum values, indicating a substantial range of variation. On average, over the 25-year period, the 

coefficient of variation for harvested area is 129.0%, for gross yield is 124.5%, and for yield is 

202.1%. It is commonly accepted that if the coefficient of variation exceeds 20%, production is 

considered unstable. In the agricultural sector, this means that production is concentrated in areas of 
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Today, SC "Tomai-Vinex" SA is a modern and dynamically developing enterprise that has 

managed to achieve a leading position in the Moldovan wine industry. The winery is equipped with 

high-tech Italian equipment, and the laboratory is equipped with modern instruments that ensure high 

precision in research and quality control of the produced goods (fig. 3.15). 

 
Fig. 3.15. Production structure of SC "Tomai-Vinex" SA. 

Source: Estimated by the author 

One of the main objectives of SC "Tomai-Vinex" SA is the development of grape growing and 

winemaking based on modern technologies. Innovations have yielded positive results, and the 

enterprise currently produces up to 3,000,000 liters of high-quality wine. 

The wines produced by the company are in high demand and consistently receive awards at 

annual republican and international exhibitions, as evidenced by a large number of medals. 

The produced wines meet regulatory documents and international standards for physico-

chemical and organoleptic parameters, which is confirmed by quality certificates, conformity 

certificates, and test protocols. Additionally, all wines are produced using an automated fermentation 

temperature control system, ensuring consistently high quality. 
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The enterprise has a winery, its own raw material base (grape plantations - 170 hectares), 

cellars, storage facilities, a tractor brigade, a garage, chemical warehouses, and a grafting workshop. 

Its main activities include grape production, wine production, wholesale trade of alcoholic and other 

beverages, and the sale of grape seedlings (until 2006). 

 SC "Tomai-Vinex" SA is a vertically integrated enterprise in the wine industry, starting from 

the cultivation of bench-grafted vines and ending with the secondary processing of wine. It has a 

bottling line with a capacity of 3000 bottles per hour and plans to start producing alcohol, part of 

which will be sold. The range of products for sale includes bulk wine (dry, semi-dry, dessert) and 

bottled wine with 43 different varieties. 

The central office of the company is located in the city of Comrat. The winery is situated in 

the village of Tomai, which covers an area of 8.56 km2. The winery has a long history, founded in 

1903, and has gone through a triumphant path from a small home winery to a major international 

export company with the Tomai brand. 

The vineyards of the farm are located in the Southern region of viticulture, in the grape-

growing and winemaking district of Comrat, specifically in the micro-district of Tomai. The plots are 

situated on the slopes with a southwest exposure. The grape cultivation is conducted without the use 

of covers. 

 
Fig. 3.16. Assortment of Grapes in SC "Tomai-Vinex" SA, 2024. 

Source: Estimated by the author 

The agro-climatic conditions are favourable for growing the cultivated grape varieties with 

black-coloured berries, including Cabernet Sauvignon (52 ha), Merlot (12 ha), Saperavi (8 ha), 

Alibernet (4 ha), and Pino Gris (4 ha). Additionally, white-coloured berry varieties are also grown, 
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such as Aligote (34 ha), Chardonnay (21 ha), Viorica (18 ha), Riesling Rhine (16 ha), and Bianca (1 

ha) (fig. 3.16). 

It has been established that the variety structure of the investigated grape plantations in SC 

"Tomai-Vinex" SA is based on the following factors: the requirements of rootstock-scion 

combinations to soil and ecological conditions, the specialization of the micro-district and the location 

of the farm, the thermal provision and frost susceptibility of the territory, and the biological 

characteristics of the varieties and their zoning. The grape plantations were established based on 

optimal placement schemes, planting schemes, and formation methods, taking into account the natural 

fertility of the soil, the vigour of the rootstock, the presence of carbonates, and the cultivation 

practices. 

We conducted an analysis of the condition of the grape plantations in SC "Tomai-Vinex" SA, 

which showed that the reduction in the area due to the uprooting of old vineyards is accompanied by 

an increase in the yield of the main grape varieties (fig. A 8.6). 

 
Fig. 3.17. Dynamics of grape yield in plantations, SC "Tomai-Vinex" SA, 2009-2021. 

Source: Calculated by the author of the data from the SC "Tomai-Vinex" (Figure A 8.6). 

From 2001 to 2009, there were old vineyards in operation that were scheduled for uprooting 

and simultaneous replanting with new plantations. The saplings for the new plantations were produced 

in the farm's own nursery (until 2006). It has been demonstrated that the planting of new vineyards is 

carried out using modern methods of vine cultivation. From 2013 to 2016, a portion of the production 

vineyards underwent reconstruction. Since 2016, the planting of grape vineyards, primarily of white 

varieties, has been resumed, utilizing new cultivation technologies. 
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It has been observed that from 2001 to 2021 (21 years), there is an increase in grape yield by 

0.51 tons per hectare per year (y = 0.51x + 22.33) (fig. 3.17, tab. A 3.5). Notably, there has been a 

significant increase in productivity over the past six years, despite the unfavourable weather and 

climatic conditions in 2020. The grape yield reached 17.43 tons per hectare in 2017 and 17.25 tons 

per hectare in 2018, which is higher than the previous years of vineyard operation. 

3.4. Conclusions to Chapter 3: 

1. The ATU Gagauzia, located within the "Valul lui Traian'' protected geographical indication, 

covers a total area of 1848 km² and includes three districts: Comrat, Ceadir-Lunga, Vulcanesti; 

2. The soil conditions of the experimental plots are favourable for the growth and development of 

the studied grapevine clones. They consist of typical chernozem with a deep loam texture 

(nursery); and rich carbonate chernozem with a deep loam texture (grapevine plantation areas);  

3. Microclimatic differences typical for ATU Gagauzia were revealed, including significantly lower 

precipitation compared to the central region, higher air temperatures, and a greater sum of active 

temperatures, with particularly noticeable differences in recent years (2019-2023).  

4. The meteorological conditions during the years of the study were not uniform, being more 

favourable for the growth and development of grapevine plants in 2003, 2004, 2005, 2010, 2013, 

and 2017. Conversely, the years 2011, 2019, and 2020 were less favourable, exerting a consistent 

impact on the growth and productivity of grapevine plantations. 

5. An analysis of the changes in vineyard areas, gross harvest, and grape yield in the farms of 

Gagauzia over the past 25 years has been conducted. It has been shown that the fruit-bearing area 

of vineyards decreases annually by 513.68 hectares, while the grape yield increases by 0.23 tons 

per hectare and the gross harvest of grapes decreases by 262.94 tons per year; 

6. The potential yield level of vineyards in Gagauzia has been determined, and the growth reserve 

has been calculated, which will allow increasing the productivity of vineyards by 45%; 

7. An analysis of the condition of the grape plantations in SC "Tomai-Vinex" SA has been conducted, 

which showed a decrease in the area but a simultaneous increase in yield by 0.51 tons per hectare 

per year. The highest productivity was observed in the production plantations in 2017 and 2018, 

with yields of 17.43 tons per hectare and 17.25 tons per hectare, respectively. Unfavourable 

weather and climatic conditions (soil-air drought) since the end of 2019 have led to a decrease in 

plantation productivity and a reduction in grape harvest by 2-2.5 times. 
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We have established that the regenerative capacity of grafted cuttings depends on the rootstock 

cuttings' position along the cane's length. The most active regeneration is observed in grafted cuttings 

from the basal and middle of the cane, regardless of the rootstock variety. The number of grafted 

cuttings with circular callus formation (1st to 3rd cutting) in clone R5 Cabernet Sauvignon onto RxR 

101-14 on the scion is 86.7-73.3%, on the rootstock is 100.0%; for clone R5 Cabernet Sauvignon onto 

BxR Kober 5BB, it is 85.7-81.8% and 100.0-93.3%, respectively. When using the 4th and 5th cuttings 

(from the basal of the cane) for grafting, the regenerative capacity of grafted cuttings decreases and, 

in most cases, remains at the level of control variants. 

Root primordia, callus, and small roots were found on the heel of rootstock cuttings in the 

control variants. It should be noted that the rhizogenic activity of rootstock cuttings depends on their 

varietal characteristics and position along the length of the rootstock cane. Being higher in RxR 101-

14 compared to BxR Kober 5BB. When using cuttings from the base (1st cutting) and upper zones of 

the cane (5th cutting) for grafting, their rhizogenic activity decreases, regardless of the rootstock 

variety. The 2nd and 3rd cuttings exhibit the highest rooting capacity. 

Thus, the regenerative activity of grafted cuttings is variable and depends on the varietal 

characteristics of the graft components as well as the quality of the rootstock cuttings used for grafting. 

4.1.3. Survival, Growth, and Development of Grafted Cuttings in the Nursery 

Grafted cuttings, after stratification and hardening, were planted in the nursery with a 4-fold 

replication. 

When grafting Clone R5 Cabernet Sauvignon onto Bx R Kober 5BB rootstock using cuttings 

from the lower zone of the cane (1st cutting), the survival rate of grafted cuttings decreases by 2.1% 

compared to the control variant, which is presumably linked to their low rooting activity (tab. 4.3). 

When grafting onto the 2nd and 3rd cuttings, compared to the first one, the survival rate of 

grafted cuttings in the nursery increases by 4.0-5.7% and, correspondingly, decreases from the upper 

zone of the cane (4th-5th cuttings) and remains at the level of the first cutting, reaching 72.0% and 

67.3%, respectively. 

When grafting clone R5 Cabernet Sauvignon onto RxR 101-14 rootstock, the control variant 

shows a survival rate of 76.6%. Grafting onto cuttings from the basal zone of the cane leads to an 

increase in survival rate by 3.6-8.1% compared to the control, reaching 80.3% and 84.7%, 

respectively; from the middle zone of the cane, the survival rate remains unchanged.  
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Table 4.3. Survival Rate, Growth Development, and Leaf Surface of Grafted Plants in the 
Nursery, Depending on the Layout Along Cuttings the Length of the Stock Cane, 23.08.2004. 

Variants Survival in the 
nursery, % 

Growth Length, cm  Growth 
Volume, cm³ 

Leaf Surface 
Area, dm² one vine including main 

shoot 
Cl R5 Cabernet Sauvignon onto BxR Kober 5BB 

CG 73.8±1.1 205.6±1.9 60.4±0.9 25.0±0.2 41.8±0.5 
EG 1 71.7±1.2 265.0±2.1 69.5±1.0 33.0±0.3 47.0±0.6 
EG 2 75.7±1.2 248.0±2.1 64.5±1.0 29.7±0.3 44.1±0.6 
EG 3 77.4±1.1 196.0±2.0 59.0±1.0 24.4±0.2 41.5±0.5 
EG 4 72.0±1.0 179.5±2.0 53.7±0.9 22.5±0.2 38.1±0.4 
EG 5 67.3±1.0 163.0±1.9 50.3±0.9 19.2±0.1 36.9±0.4 

Cl R5 Cabernet Sauvignon onto RxR 101-14 
CG 76.6±1.1 188.5±2.0 45.9±0.9 24.1±0.2 39.8±0.5 
EG 1 80.3±1.2 232.7±2.2 54.0±1.0 30.7±0.3 45.3±0.6 
EG 2 84.7±1.2 215.0±2.1 50.1±1.0 27.6±0.3 42.2±0.5 
EG 3 77.4±1.1 185.0±2.1 46.8±0.9 23.6±0.2 40.4±0.5 
EG 4 71.3±1.0 175.0±2.0 43.7±0.8 20.8±0.2 39.0±0.5 
EG 5 69.4±1.0 156.5±1.9 42.3±0.8 18.5±0.1 35.7±0.4 

At the control level (77.4%); from the top zone of the cane, it decreases by 7.2% compared to 

the control and by 10.9-15.3% with the survival rate of grafted cuttings from the basal zone of the 

cane. 

Growth is one of the most pronounced expressions of the activity of a plant organism. The 

character of growth depends on a combination of internal and external factors. The processes of 

growth occurring in a plant can be inferred from several indicators: an increase in the size of plants 

and their organs, an increase in the fresh and dry weight of plants, and others. 

We have established that growth processes in grafted grape vines in the nursery vary among 

different experimental conditions and are significantly influenced by the quality of the rootstock 

cuttings used for grafting (tab. 4.3, fig. 4.3). 

Thus, for Clone R5 Cabernet Sauvignon onto RxR 101-14 during the period of active shoot 

growth (August 23), the total length of growth per one grafted sapling in the control variant is 188.5 

cm, Growth Volume is 24.1 cm3, and the Leaf Surface Area is 39.8 dm2. 

When using for grafting EG 1 (1st cuttings) and EG 2 (2nd cuttings), the Length of Sapling Growth 

increases to 215.0-232.7 cm, Growth Volume to 27.6-30.7 cm3, and Leaf Surface Area to 42.2-45.3 

dm2. When using the 3rd cutting (EG 3) from the base of the rootstock, these indicators remain at the 

control level, while using the 4th (EG 4) and 5th cuttings (EG 5) leads to a significant decrease. A 

similar pattern is observed for clone R5 Cabernet Sauvignon grafted onto BxR Kober 5BB rootstock. 
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Fig. 4.3. Influence of Rootstock Cuttings Position Along the Cane Length on the Development 

of Growth in Graft ed Plants in the Nursery, 23.08.2004. 

 Therefore, the survival rate and growth of grafted vines in the nursery depend on the position 

along the cane length, and they consistently decrease when using cuttings collected from the base to 

the top of the cane from 1st (EG 1) to 5th (EG 5) for grafting. 

4.1.4. The Output of Grafted Vine Saplings from a Nursery and their Quality 

The outcome of any agronomic technique in grapevine nursery management is the production 

of standard vine saplings with well-developed growth and root systems upon their output from the 

nursery. 

The grafted sapling's output was calculated based on both the number of grafts made and the 

number of grafts planted in the nursery. We have determined that the rootstock variety and the position 

of cuttings along the stock-cane length significantly influence the grafted sapling output from the 

nursery (tab. 4.4). 

Thus, for the grafted components of clone R5 Cabernet Sauvignon onto RxR 101-14, the 

output of saplings varies from 49.4% EG 1 (1st cutting) to 28.4% EG 5 (5th cutting) (from the number 

of grafts made). When grafting clone R5 Cabernet Sauvignon onto BxR Kober 5BB, the grafted 

saplings output increases when using cuttings from the base-cane and middle-cane zones EG 1, EG 2, 

EG 3 (1st to 3rd cuttings) and decreases when using cuttings from the top-cane zone EG 4, EG 5 (4th 

and 5th cuttings). 
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Table 4.4. The Output of Grafted Saplings from a Nursery and their Quality Depending on the 
Layout of Cuttin gs Along the Stock Cane Length, 2004. 

 

Va- 
riants 

The output of 
saplings from the 
number of grafted 

cuttings, % 

Saplings'  
Growth Length, 

cm 

Saplings'  
Growth Volume, cm3 

Diameter 
of the 
main 

shoot (at 
the base), 

mm 

Number of 
roots, pcs 

made 
planted 
in the 

nursery 
total matu-

red total matured >2 
mm 

to 2 
mm 

tot
al 

Cl R5 Cabernet Sauvignon onto BxR Kober 5BB 
CG 41.0±0.8 42.0±0.8 70.1±1.9 30.8±0.3 6.91±0.14 6.15±0.12 7.8±0.1 4 2 6 
EG 1 47.9±1.1 48.9±1.1 78.6±2.0 39.8±0.4 7.50±0.15 6.99±0.12 8.7±0.2 5 6 11 
EG 2 51.6±1.2 52.9±1.2 79.5±2.0 43.2±0.4 7.72±0.15 7.08±0.13 8.3±0.2 6 6 12 
EG 3 45.9±1.1 46.7±1.1 73.0±1.9 32.8±0.4 7.04±0.14 6.44±0.12 7.9±0.2 5 4 9 
EG 4 33.9±1.0 38.0±1.0 65.8±1.8 26.6±0.3 6.86±0.13 5.98±0.11 7.4±0.1 3 4 7 
EG 5 31.1±1.0 35.3±1.0 61.7±1.8 23.1±0.2 6.30±0.13 5.06±0.11 6.5±0.1 3 3 6 
LSD05 1.91 2.03         

Cl R5 Cabernet Sauvignon onto RxR 101-14 
CG 39.1±1.0 41.8±1.0 72.1±1.8 32.9±0.3 7.17±0.14 5.09±0.13 7.6±0.1 4 4 8 
EG 1 49.4±1.2 53.2±1.2 80.3±2.0 42.2±0.4 7.93±0.16 6.60±0.14 8.3±0.2 5 5 10 
EG 2 46.8±1.2 48.1±1.2 76.7±2.0 36.3±0.4 7.82±0.15 6.34±0.14 8.0±0.2 5 4 9 
EG 3 40.3±1.1 42.1±1.1 75.0±1.9 34.3±0.3 7.52±0.15 5.24±0.13 7.8±0.2 4 4 8 
EG 4 34.4±1.1 36.0±1.1 70.1±1.8 32.4±0.3 6.92±0.13 4.60±0.12 7.6±0.2 4 4 8 
EG 5 28.4±1.0 33.6±1.0 63.3±1.8 29.4±0.2 5.64±0.12 3.62±0.11 7.5±0.1 4 3 7 
LSD05 2.25 2.38         

We have established that there is a strong correlation (r = 0.98 ± 0.1) between the carbohydrate 

content in 100 rootstock cuttings and the output of grafted saplings from the nursery (figure 4.4). The 

coefficient of determination, which is 0.96, indicates that approximately 96% of the variations in vines 

output are explained by changes in carbohydrate content in 100 cuttings, while only 4% are attributed 

to other factors. 

The regression line reveals that a 1g increase in carbohydrate content in 100 cuttings leads to 

a 0.46% increase in the output of vines from the nursery per hectare. According to the obtained data, 

carbohydrate content in the range of 150-160 g per 100 cuttings ensures an output of high-quality 

grafted vine saplings from the nursery within the range of 50-60%. 

When grafting on cuttings taken from the base to the top rootstock cane (from 1st to 5th), there 

is a consistent decrease in the size of the vine saplings growth and the main shoot. The indicators of 

matured growth, the diameter at the base of the main shoot, total growth volume, matured growth 

volume, total root count, as well as the number of roots with a diameter > 2mm, all show a decrease. 
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However, if the upper node of the scion cutting or grafts with tendrils, the necrosis of tissues, 

upon reaching the node, is halted. In the case of without tendrils nodes, the necrosis progresses deeper, 

sometimes reaching the adjacent node or the point of fusion, which affects the quality of the grafting 

vine saplings (fig. 4.8). 

According to the authors, tendrilled nodes exhibit a more developed diaphragm, increased 

content of plastidic substances, and more intensive metabolic processes. This enhanced regenerative 

capacity of tissues ensures a stronger fusion of the grafted components and a higher output of quality 

vine saplings from the nursery. Such grafted saplings, when planted in their permanent location, 

exhibit greater vitality, which is supported by the results of our research. 

4.3. Conclusions for Chapter 4 

1. Throughout the research, the key quality parameters of rootstock and scion canes have been 

examined, along with their impact on regeneration processes, growth, and development in the nursery, 

as well as the output and quality of grape-grafted saplings. 

2. It has been determined that the morphological and biochemical parameters of grape cuttings 

collected from rootstock canes before grafting (diameter, dry mass of cuttings, total mass of 100 

cuttings, dry matter content, and carbohydrate reserves) exhibit systematic variations depending on 

their position along the length of the cane (from the base to the top). The most valuable parameters 

are observed in cuttings collected from the base-cane and middle-cane zones. 

3. The influence of the different quality of rootstock cuttings along the length of the cane, scion 

cuttings, the presence of a node with a developed diaphragm, and the treatment of grafted cuttings 

with calovit becomes evident in subsequent stages of stratification and nursery cultivation, 

contributing to an increased output of grape-grafted saplings from the nursery with well-developed 

shoots and root systems. 

4. There is a strong correlation between the quality parameters of the cane, the output of grafted 

saplings from the nursery, and their quality. These indicators significantly increase when rootstock 

cuttings from the base and middle zones of the cane EG 1, EG 2, EG 3 (1st to 3rd cuttings) are used for 

grafting, and they decrease when cuttings are taken from the top-cane zone. 

5. To ensure high output and quality of grape-grafted saplings from the nursery, it is advisable to use 

rootstock cuttings taken from the first two metres of the cane, scion cuttings with tendrils, and also 

perform pre-stratification treatment of grafted cuttings with a solution of calovit. 
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5. PRODUCTIVITY OF VINEYARDS DEPENDING ON THE QUALITY OF 
PLANTING MATERIAL  

5.1. Survival Grafted Saplings, Growth, and Development of Young Vines 

5.1.1. The Impact of Rootstock Quality on the Survival and Viability of Grafted Vine 
Saplings in Their Permanent Location 

5.1.1.1. Survival Grafted Saplings, Growth, and Development of Young Vines 

The grape-grafted saplings of clone R5 Cabernet Sauvignon onto BxR Kobber 5BB and onto 

RxR 101-14, after being dug up from the nursery, stored in cellars, were planted in their permanent 

location according to the experimental plots in 2005. At the end of the growing season, the saplings' 

survival rates were recorded, and the Annual Growth developed on young vines. 

 
Fig. 5.1. Survival Rates of Grafted Vine Saplings in Permanent Location, Based on Their 

Quality. First Year Aft er Planting, 2005.  

It has been determined that in the control variants of clone R5 Cabernet Sauvignon onto BxR 

Kobber 5BB and onto RxR 101-14 the survival rate of the grafted saplings is 96.1% (Figure 5.1, Table 

A 5.1). The quality of the cuttings used for grafting significantly influences the survival rate of the 

grafted saplings in their permanent location. For instance, in clone R5 Cabernet Sauvignon onto RxR 

101-14, when using cuttings from the base of the stock canes EG 1 (1st cutting), the survival rate is 

100.0%; for the EG 2 and EG 3 (2nd and 3rd cuttings), it is 97.4%; and for the EG 4 and EG 5 (4th and 

5th cuttings), it ranges from 94.7% to 89.5%. In the clone R5 Cabernet Sauvignon onto BxR Kobber 

5BB, the survival rate of the grafted saplings is lower compared to RxR 101-14. However, it should 
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be noted that the highest percentage of survival is observed when using the EG 1 and EG 2 (1st and 

2nd) cuttings for grafting, as compared to the EG 4 and EG 5 (4th and 5th cuttings). 

One of the most significant biological features of the grapevine plant is the growth of its 

vegetative organs, with the main focus on the shoot. The types of shoots, their quantity, length, and 

diameter determine the overall plant habit and profoundly influence the course and direction of many 

physiological and biological processes, as well as the overall condition and productivity. Among the 

most informative aspects in this regard is the study of biological phenomena such as the growth vigour 

of primary shoots, the degree of their maturity, and the volume of annual shoot growth. 

Table 5.1. Development of Annual Growth of Young Vines, Depending on the Quality of 
Saplings. First Year After Planting, 2005. 

Variants 

Growth Length Growth Volume, 
cm3 Vine, cm Main Shoot Length, cm 

total matured total matured total matured % 
matured  

Cl R5 Cabernet Sauvignon onto BxR Kober 5BB 
CG 289.7±3.8 138.1±2.7 83.8±2.0 47.8±1.3 49.4±1.9 31.1±0.3 63.0±1.0 
EG 1 397.8±4.0 232.8±2.9 99.7±2.0 55.1±1.2 62.6±1.9 47.0±0.4 75.1±1.1 
EG 2 342.0±4.0 147.8±2.9 90.0±2.0 49.2±1.2 52.1±1.9 35.5±0.3 68.1±1.1 
EG 3 279.0±3.8 108.0±2.7 85.0±1.9 45.4±1.0 48.2±1.8 31.4±0.3 65.2±1.0 
EG 4 222.8±3.3 102.0±2.2 72.4±1.8 44.8±1.0 34.7±1.5 22.7±0.2 65.5±1.0 
EG 5 207.0±3.2 99.8±2.2 72.0±1.8 44.6±1.0 26.9±1.5 18.3±0.2 68.1±1.0 
LSD05     2.51 2.20  

Cl R5 Cabernet Sauvignon onto RxR 101-14 
CG 386.2±3.8 186.1±2.8 97.0±2.1 57.2±1.2 55.7±2.0 42.2±0.4 75.8±1.0 
EG 1 523.4±4.1 237.8±3.3 114.0±2.2 68.4±1.3 78.7±2.2 57.1±0.5 72.6±1.1 
EG 2 435.8±3.9 212.7±2.9 109.6±2.2 63.6±1.3 70.4±2.2 50.0±0.5 71.0±1.1 
EG 3 376.4±3.8 210.0±2.9 94.3±2.1 62.7±1.2 57.4±2.1 48.6±0.4 84.6±1.1 
EG 4 328.4±3.5 141.9±2.7 90.4±2.0 45.8±1.0 41.7±1.5 28.3±0.2 67.8±1.0 
EG 5 266.8±3.3 130.0±2.2 76.9±2.0 45.6±1.0 30.1±1.5 25.1±0.2 83.4±1.0 
LSD05     2.94 2.34  

Annual (one-year) grape shoots are a crucial organ. Leaves, the plant's primary photosynthetic 

apparatus, and clusters, the main product for which grapes are cultivated, are formed on them. The 

essential plastic substances for nourishment and differentiation of generative organs accumulate in 

one-year shoots. The degree of development of Annual shoots determines frost and winter hardiness, 

as well as the overall longevity of the grapevine plant. 

We have determined that the development of annual growth of grafted grapevines in the first 

year after planting, at the end of the vegetative period, significantly varies depending on the quality 

of stock cuttings used for grafting and their positioning along the length of the cane (tab. 5.1). 
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grapevine and counteracts adverse abiotic factors such as drought and low winter temperatures, as 

well as biotic factors like phylloxera. 

We have determined that the different quality of saplings, depending on the position of the 

cuttings along the length of the stock-cane, exerts a systematic influence on the accumulation of 

perennial wood and the volumetric mass of the above-ground part of the vine (Table 5.2). 

Table 5.2. Development of the Above-Ground Part of Young Vines, Depending on the Quality 
of Saplings. Third Year After Planting, 2007. 

Variants 
Perennial 

Wood 
Volume, cm3 

Annual  
Growth Volume, cm3 

Volume Mass of the 
Above-Ground Part  

of the Vine 

total matured % 
matured cm3 % of 

control 
Cl R5 Cabernet Sauvignon onto BxR Kober 5BB 

CG 442.6±5.0 130.6±3.1 109.9±2.1 84.2±2.1 573.1±5.5 100.0 
EG 1 581.0±5.2 214.9±3.3 171.4±2.2 79.8±2.0 795.9±5.5 138.9 
EG 2 513.8±5.2 179.1±3.2 153.7±2.2 85.8±2.1 693.0±5.6 120.9 
EG 3 467.1±5.1 125.2±3.1 107.5±2.1 85.9±2.1 592.2±5.5 103.3 
EG 4 300.2±5.1 75.0±2.8 69.9±2.0 93.2±2.2 375.2±5.4 65.5 
EG 5 259.9±5.0 68.5±2.5 56.5±1.8 82.6±2.0 328.4±5.4 57.3 
LSD05     24.87  

Cl R5 Cabernet Sauvignon onto RxR 101-14 
CG 446.7±5.0 136.9±3.2 121.6±2.1 88.8±2.0 583.5±5.6 100.0 
EG 1 580.7±5.3 180.2±3.1 170.4±2.2 94.6±2.3 760.9±5.6 130.4 
EG 2 504.2±5.2 166.2±3.1 148.7±2.2 89.5±2.2 670.4±5.6 114.9 
EG 3 457.7±5.2 153.1±3.0 130.2±2.1 85.0±2.1 610.8±5.5 104.5 
EG 4 310.8±5.0 102.6±3.0 86.8±2.0 84.6±2.1 413.3±5.4 70.8 
EG 5 229.8±5.0 72.1±2.8 66.2±2.0 92.6±2.0 301.9±5.3 51.7 
LSD05     22.08  

When grafting onto cuttings from the base and middle of the stock cane, there is an increase 

in the volume of perennial wood and annual growth, as well as the volumetric mass of the above-

ground part of the vine. 

Therefore, regardless of the rootstock variety, the survival, growth, and development of the 

young vines in their permanent location increases when grafted with cuttings from the base and middle 

zones of the stock-cane (1st to 3rd cuttings). At the same time, the length of growth of vines and main 

shoots increases, as well as the volume of total and mature growth by 1.5-2.0 times, compared with 

grafting on cuttings from the top-cane zone of the stock. Vines grown from saplings obtained by using 

1-2 cuttings for grafting in the third year after planting are characterised by the more powerful 
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On young vines in the third year of planting in the control variants, the number of grape clusters 

for clone R5 Cabernet-Sauvignon onto BxR Kober 5BB is 18.8 clusters per vine and onto RxR 101-

14 is 15.5 clusters per vine (Table 5.4). It is noteworthy that when using cuttings from the base of the 

stock cane to the top (from 1st to 5th cuttings) for grafting, the number of clusters decreases for clone 

R5 Cabernet-Sauvignon onto BxR Kober 5BB from 23.5 to 11.5 clusters per vine and for RxR 101-

14 from 17.5 to 13.5 clusters per vine. The mean cluster weight varies slightly, ranging from 85 to 91 

grams (onto BxR Kober 5BB) and from 82 to 96 grams (onto RxR 101-14). 

Table 5.4. Yield Indicators and Harvest Quality of Young Vines Depending on the Quality of 
Saplings. Third Year of Planting, 2008. 

Variants 
No. of 

Clusters 
pcs./vine 

Weight of 
Clusters, g 

Yield Mass concentration, 
g/dm3 

kg/vine % to 
controll  sugars titratable 

acids 
Cl R5 Cabernet Sauvignon onto BxR Kober 5BB 

CG 18.8±0.2 90±2.2 1.69±0.02 100 214±2 6.9±0.02 
EG 1 23.5±0.4 85±2.1 2.00±0.03 118.3 250±3 7.4±0.03 
EG 2 22.6±0.4 86±2.1 1.94±0.03 114.6 254±3 7.4±0.03 
EG 3 18.5±0.3 90±2.2 1.67±0.02 98.8 233±2 7.5±0.03 
EG 4 14.7±0.2 90±2.1 1.32±0.02 78 223±2 6.7±0.02 
EG 5 11.5±0.1 91±2.2 1.05±0.02 62.2 228±2 6.6±0.02 
LSD05   0.07    

Cl R5 Cabernet Sauvignon onto RxR 101-14 
CG 15.5±0.2 89±2.0 1.38±0.02 100 235±3 6.8±0.03 
EG 1 17.5±0.3 96±2.2 1.68±0.03 121.5 230±2 7.0±0.03 
EG 2 16.0±0.3 97±2.2 1.55±0.03 112.2 238±2 7.0±0.03 
EG 3 16.5±0.2 90±2.1 1.49±0.02 107.8 231±2 6.2±0.02 
EG 4 13.8±0.1 90±2.1 1.24±0.02 89.9 239±3 6.5±0.02 
EG 5 13.5±0.1 82±2.0 1.11±0.01 80.3 250±3 6.8±0.02 
LSD05   0.08    

For Grapevines of the R5 clone of Cabernet Sauvignon grafted onto BxR Kober 5BB 

rootstock, compared to those grafted onto RxR 101-14 rootstock, the yield increases regardless of the 

experimental variants (tab. 5.4, fig. 5.5). In the control variant, the yield is 1.69 kg/vine, while when 

grafted with cuttings from the base of the stock cane (1st and 2nd cuttings), it reaches 2.0 and 1.94 

kg/vine, respectively, showing an increase of 18.3% to 14.8% compared to the control. When grafted 

with cuttings from the middle (3rd cutting) and top zones (4th and 5th cuttings) of the stock cane, the 

yield remains at the control level or decreases. The mass concentration of sugars in the control variant 

is 224 g/dm³, with titratable acidity at 6.9 g/dm³. When grafted with cuttings from the base and middle 

zones of the stock cane, these indicators increase by 11-26 g/dm³ and 0.5-0.6 g/dm³, respectively. 
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Fig. 5.5. Yield of Young Vineyard Depending on the Quality of Grafted Saplings, tons per 

hectare. Fourth Year Aft er Planting, 2008. 

The influence of the different quality of rootstock cuttings along the length of the stock cane 

is manifested during the stages of stratification, nursery cultivation of vines, and after their planting 

in the permanent location. Moreover, a strong correlation exists between stock cutting quality 

parameters, the success rate of grafted vines emerging from the nursery, their quality, survival upon 

transplantation, and the growth of young grapevines [17]. 

It has been that the growth and development of clone R5 Cabernet Sauvignon grapevines, their 

entry into fruiting, and productivity are influenced by the rootstock variety as well as the different 

quality of the planting stock. For this clone, the onset of fruiting in the vines is observed in the third 

to fourth year after planting, during the period of shape-establishment. In the fourth year, the 

plantation yield of clone R5 Cabernet Sauvignon onto BxR Kober 5BB depending on the experimental 

variations ranges from 60.4 to 82.9 centner per hectare; onto RxR 101-14 - from 5.45 to 7.44 tons per 

hectare, and significantly increases when planting vines obtained using cuttings from the base-cane 

and middle-cane of the stock (1st-3rd cuttings) (fig. 5.5). 

We believe that to ensure high output and quality of grafted vines from the nursery, a hundred 

per cent survival rate upon plantation to their permanent location, as well as vigorous development of 

young vines and their early entry into fruiting period, it is advisable to use rootstock cuttings taken 

from the first two metres of the stock cane from the base for grafting. 
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5.1.2. The Impact of Scion Quality and Calovit on the Survival Rate and Viability of 
Grafted Vine Saplings in Their Permanent Location 

5.1.2.1. Survival Grafted Saplings, Growth, and Development of Young Vines 

Grafted grapevines of the clone R5 of Cabernet Sauvignon onto BxR Kober 5BB, obtained 

using heterogeneous scion grafting material, were planted in their permanent location after storage 

according to the experimental scheme in 2005. 

It has been established that the survival rate of vines with a tendrilless scion is 93.4%, and with 

a tendril - 96.1% (fig. 5.6). 

 
Fig. 5.6. Survival Rates of Grafted Vine Saplings in Permanent Location, Based on Their 

Quality. Treatment: 1-Water; 2-Calovit. First Year After Planting.  
  

The use of scion with tendrils and subsequent pre-stratification treatment with a solution of 

calovit leads to increased regeneration processes, increased output of well-developed grafted vines 

with vigorous growth and root systems, as well as increased their survival rate in a permanent location. 

Planted grafted saplings with a more branched and developed root system are provided with 

better nutrition and water supply during the period of their growth in a permanent place, which further 

affects the growth, health and resistance of grape plants to stressful conditions. This contributes to a 

more successful adaptation of plants to new conditions and provides for more effective development 

of vines. 

We have determined that the development of annual growth of young vines, particularly the 

indicators of linear and volumetric growth, as well as the degree of its maturation in the first year after 

planting, significantly varies depending on the experience options (tab. 5.6). For instance, in the case 

of the clone R5 Cabernet Sauvignon variety onto BxR Kober 5BB, in the control variant (scion without 

tendril), the total length of the growth of the vines is 217.8±3.3 cm, including the main shoot length 
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Vine grown from saplings obtained using scions with tendrils are characterised by a more 

vigorous development of perennial wood, which is crucial in forming the vine's shape. 

In the third year after planting in the control variant scion with tendrils the volume of perennial 

wood is 406.1±5.2 cm3 when using calovit solution - 557.7±5.2 cm3, which is 1.2-1.4 times higher 

than in variants scion without tendrils. 

A similar regularity is observed in the development of annual growth of bushes. As a result, in 

variants scion with tendrils the volumetric mass of the above-ground part of bushes increases by 21.7 

(Control) and 69.5% (Calovit). 

Thus, by the third year after planting, the grapevine bushes exhibit heterogeneity in terms of 

growth strength, annual growth development, and perennial wood, which exerts a consistent influence 

on the formation of the vine shape. 

 

Fig. 5.7. The Impact of Different Quality Saplings on the Degree of Young Vines Development. 
Treatment: 1-H2O; 2-Calovit. Cl R5 Cabernet Sauvignon onto BxR Kober 5BB.  

Third Year After Planting , 2007. 

As a result, after pruning, the vines characterised by vigorous growth (vigorous vines) were 

shaped into two trunks and two well-developed arms. On vines with moderate growth strength 

(medium vines), one to two trunks and one developed arm was successfully formed. Among vines 

with the lowest growth strength (weak vines), only one trunk was formed. The distribution of vines 

among these groups in different variants of the experiment varies (fig. 5.7).  

So, in the control variant scion without tendrils, the number of vigorous vines for clone R5 

Cabernet Sauvignon variety onto BxR Kober 5BB is 33.3%; medium - 44.5%, and weak - 23.2%. In 
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the variant scion with tendrils, these numbers are 47.1%, 41.8%, and 11.1%, respectively. 

Interestingly, the number of strong bushes increases by 1.4 times, and the quantity of weak bushes 

decreases. In the variant using scion with tendrils and calovit, the percentage of strong vines is 57.9%, 

medium - 31.6%, and weak - 10.5%. 

 
Fig. 5.8. The Impact of Grafted Saplings Quality on Formed Degree of Grapevine. 
Treatment: 1-H2O; 2-Calovit. Clone R5 Cabernet Sauvignon onto BxR Kober 5BB.  

Fourth Year of Planting, 2008. 

As a result, in the four-year-old vines after pruning in this variant, the formation of shape parts 

on many vines was completed. The number of fully formed vines was 72.2% (fig. 5.8). 

The previously revealed regularity of increasing the number of fully formed bushes when using 

scion with tendrils compared to scion without tendrils is preserved. 

5.1.2.2. Elements of Productivity and Yield of Young Vines 

The final indicator that determines the appropriateness of a particular variety or clone is its 

yield. To provide a conclusive and comprehensive assessment of different quality planting materials 

for grapes cultivated using scion with and without tendril, as well as with the use of growth 

regulator Calovit, we conducted a study aimed at evaluating the yield of young bushes during the 

third and fourth years of vegetation. 

Yield is essential in determining the potential of a particular variety or clone for successful 

cultivation under particular agroecological conditions. Data on the yield of young bushes allows a 

more complete and accurate determination of which vines are best used for planting grapevine 

plantations, as well as ensuring the best result in terms of economic efficiency. 
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Figure 5.10. Yield of Young Vineyard Depending on the Quality of Grafted Saplings, tons per 

hectare. Treatment: 1-H2O; 2-Calovit. Cl R5 Cabernet Sauvignon onto BxR Kober 5BB. 
Fourth  Year of Planting, 2008. 

It should be noted that the mass concentration of sugars in the juice of the berries, compared 

to 2007, decreases by 42-58 g/dm³, reaching 180-201 g/dm³. 

The warm and sunny weather promotes the intensive accumulation of sugars, colouring, and 

aromatic substances. However, a lack of moisture leads to a reduction in the rate of sugar accumulation 

[314], which is observed in our experiment variants as well. Notably, in the variant scion with tendrils 

and the application of calovit solution, the mass concentration of sugars increases to 201 g/dm³, with 

a titratable acid content of 6.5 g/dm³. 

A. Amirdjanov et al. [152] argue that the productivity of a variety (clone) should also be 

evaluated based on the parameter of shoot productivity, as the shoot serves as a fundamental 

production unit of the bush vine. The indicator of shoot productivity characterizes the ratio of the 

bunch's mass to the total number of shoots in the bush. To determine the magnitude of shoot 

productivity, the contribution of all shoots on the vines is taken into account, thereby achieving an 

equivalence between the concepts of "Shoot Productivity" and "Variety Productivity," that is, 

realizing the principle: "a Variety (Clone) is a Shoot and its Production." 

Hence, it becomes feasible to evaluate the productivity of this clone under various cultivation 

conditions or its performance under consistent conditions with varying shoot loads and diverse yield 

levels from individual vines. 

It was determined that during the period when the vines of the R5 clone of the Cabernet 

Sauvignon variety enter the fruiting stage, there is a consistent increase in the number of shoots and 

vine productivity, along with a slight decrease in shoot productivity. Thus, in the three-year-old vines, 
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with tendrils for grafting, and also the pre-stratification treatment of the grafted cuttings with a 

solution of Calovit is recommended. 

5.2. Growth and Productivity of Fruiting Vineyards 

5.2.1. Analysis of the After-effect of Different Quality Planting Stock by Rootstock Attributes 

5.2.1.1. Shoot Growth and Development 

 According to A. Subotovich [322], due to the necessity of extensive mechanization, especially 

in labour-intensive tasks such as pruning and harvest, there arises a need to establish plantations 

characterized by a high uniformity of vines. The goal should be to ensure that all vines in the vineyard 

have the same growth strength, yield, number, and length of shoots. The author believes that only in 

this case can consistently high yields be achieved in the vineyard and mechanization challenges be 

addressed more successfully. 

 In turn, we have found that using planting stock of different quality (based on the length of the 

stock cane) leads to the development of vines with uneven growth strength in the initial years after 

planting [190, 191, 192, 193]. In this regard, further research has been conducted on the impact of 

different quality vines on the growth and productivity parameters of the R5 clone of Cabernet 

Sauvignon vineyards when grown onto BxR Kober 5BB and RxR 101-14 stocks at SC "Tomai-Vinex" 

SA, planted in the year 2005. 

 It has been demonstrated that during the period of full fruiting (2015-2021), the average shoot 

load of the vines is established based on the vigour of the vines and varies from year to year. When 

grown onto the BxR Kober 5BB, the number of developed shoots ranges from 46.5 to 40.1 per vine; 

onto RxR 101-14, it ranges from 43.5 to 39.2 per vine (tab. 5.12, tab. 5.13). In specific years (2019-

2020) characterized by extreme meteorological conditions (drought), there is a reduction in the shoot 

load of the vines. 

 The growth of young shoots begins after bud break and, depending on the variety and 

environmental conditions, usually continues until the onset of shoot ripening, and in some cases, even 

until the physiological maturity of the berries [318]. The maximum growth energy of the shoots is 

observed during the flowering period. At the beginning of the vegetative period, growth is slow. As 

the average temperature increases, shoot growth accelerates and reaches its peak just before flowering. 
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At the beginning of the flowering period, rapid growth slows down until the shoots start 

maturing. The reduction in shoot growth occurs unevenly, similar to the uneven increase in shoot 

growth. Smirnov K. et al. [313] demonstrated that shoot growth is influenced by the environmental 

conditions of the growing site and cultivation practices (plant spacing, vine shape, irrigation, 

fertilization, physiological-active substances, etc.). 

 Our research has shown that the growth of shoots depends on the different quality of the vines 

and the rootstock onto which they are grafted. By the end of the vegetative period, the average length, 

depending on the year of study, ranges from 113.5 to 172.5 cm (BxR Kober 5BB); 105.9 to 161.2 cm 

(RxR 101-14) (tab. 6.1, tab. 6.2). This variation in the average length of shoots can be explained, on 

one hand, by the non-uniformity of the vines according to the experimental variants, and on the other 

hand, by a combination of unfavourable meteorological conditions - reduced precipitation and 

increased average monthly temperatures (soil-air drought) - observed in certain years (2019-2021). 

Instead of to S. Melnik [255], the main indicator characterizing the degree of development of 

shoot growth in different grapevine varieties is the volume of one-year shoot growth. It depends on 

the number of developed shoots per vine, their average length, and diameter. K. Smirnov K. et al. 

[313], A. Stirbu [335], A. Derendovskaia et al. [183] believe that grapevine varieties of different eco-

geographical groups are characterized by varying degrees of shoot growth development. Thus, 

varieties of the Eastern eco-geographical group exhibit greater growth vigour than those of the 

Western European or the Black Sea Basin groups. However, within each group, there are varietal 

differences. 

In identical agrotechnical conditions, the degree of development of the annual shoot growth 

hinges on the different quality vines, associated with the heterogeneity of the planting stock. The 

average length and volume of the annual shoot growth of the vine increase when using 1st-3rd cuttings 

from the base of the stock cane for grafting, regardless of the rootstock variety onto which they were 

grafted. In favourable meteorological conditions in the years 2017-2018, by the end of the vegetation 

period, for the R5 of Cabernet Sauvignon onto Kober 5BB, the average length of the shoots is 172.8 

cm EG 1 (1st cutting), 160.1 cm EG 2 (2nd cutting), and 151.6 cm EG 3 (3rd cutting); the length of the 

annual shoot growth is 80.4, 72.5, and 65.6 cm per vine; the volume of the annual shoot growth is 5.7, 

4.9, and 4.4 dm³ per vine, respectively (tab. 5.14, tab. 5.15).
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On vines grown from saplings obtained using rootstock cuttings from the top zone of the stock 

cane EG 4, EG 5 (4th and 5th cuttings), the growth parameters of shoots decrease: the length of annual 

shoot growth decreases by 1.3-1.5 times, and the volume of annual shoot growth decreases by 1.5-1.6 

times. A similar pattern is observed for the R5 clone of Cabernet Sauvignon onto RxR 101-14 

rootstock. 

In unfavourable meteorological conditions during the years 2019-2021, high average daily 

temperatures during the summer period and a lack of moisture led to a significant reduction in the 

annual shoot growth of the vines. For instance, in the anomalous year of 2020, the average length of 

shoots for the R5 clone of Cabernet Sauvignon onto BxR Kober 5BB ranges from 51.8 to 71.8 cm, 

the length of annual shoot growth ranges from 12.3 to 28.2 m per vine, and the volume of annual shoot 

growth ranges from 0.3 to 0.7 dm³ per vine. Onto RxR 101-14, the average length of shoots decreases 

to 49.8-69.0 cm, the length of annual shoot growth ranges from 11.2 to 20.4 m per vine, and the 

volume of annual shoot growth ranges from 0.3 to 0.5 dm³ per vine. 

The data obtained by us are consistent with the materials presented in the monograph by Stoev 

K. [319], which confirms that the maximum shoot growth is determined by meteorological conditions, 

primarily the temperature factor. The relationship is so close that any increase or decrease in 

temperature corresponds to an almost proportional increase or decrease in growth intensity. 

5.2.1.2. Growth and Development of Leaf Surface Area 

The growth and productivity of the grapevine canopy as an optic-biological system depends 

on the rhythmicity of physiological processes associated with shoot development and leaf apparatus 

functioning. Leaves carry out vital life processes such as photosynthesis, transpiration, respiration, 

and their activity depend on plant varietal traits and adaptation to environmental factors. The 

cumulative leaf surface area of shoots, vines, rows, and vineyards is formed as a result of the activity 

of individual leaves [14, 15]. 

The magnitude of the leaf surface, its structure, and functional conditions determine the yield 

quantity, both in terms of biological and economic aspects, as well as the quality of production A. 

Amirdzhanov [154], K. Smirnov et al. [314]. The increase in leaf surface area in the ontogeny of 

grapevine plants is a fundamental process necessary for the proper assimilation of CO2 during 

photosynthesis. According to L. Poenaru et al. [98] and V. Naumenko [276, 277] the rates of leaf area 

formation in grapevine plants vary and depend on the biological characteristics of the varieties and 

their response to growing conditions. 
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The determination of Leaf Growth parameters was conducted at the end of the vegetation 

period. Leaves located in the middle part of shoots (8-12 leaves from the base) with uniform 

illumination on the vines were selected for analysis (fig. A 10.11, fig. A 10.12). Morphological leaf 

parameters (length, width, and diagonal) were determined using simple linear measurements; the 

number of leaves on shoots and vines (in pieces), as well as the Leaf Blade Area, was assessed using 

ampelometric methods (following the approach of S.A. Melnik et al. [259]. The calculation of the 

Leaf Area parameters for a shoot was performed by multiplying the Leaf Blade Area by the number 

of leaves on a single shoot; the Leaf Area of vine was calculated by multiplying the Leaf Area of the 

"Average Shoot" by the Average Shoot Load [153]. 

The leaves of the R5 clone of Cabernet Sauvignon are medium-sized, rounded, five-lobed, 

deeply dissected, wide-funnel-shaped, dark green, reticulate-wrinkled, and partially pubescent on the 

lower side. It has been determined that the Leaf Blade Area during the years of the research does not 

depend on the experimental variants but varies from year to year. On average, depending on the year 

of the research, it ranges from 84.1±1.1 cm2/leaf to 144.8±0.7 cm2/leaf. 

After analyzing the data presented in (tab. 5.16, tab. 5.17), we can conclude that the highest 

values of Leaf Area are observed in the vines of the year 2017. This elevated measure can be attributed 

to favourable weather conditions that positively influenced the plant development. Thus, the year 2017 

had a significant positive impact on the formation of a greater Leaf Area. It is noteworthy that the data 

indicates a sharp decrease in Leaf Area values in the year 2020, as revealed during the analysis. This 

decline is linked to unfavourable factors that affected the growth and development of the plants during 

the mentioned period. After statistical analysis, the following results were obtained. There was a 

statistically significant difference in the number of leaves per shoot by experience variants (FVariants 

130.4*** ), and by years of study (FYears 187.2*** ). The interaction of factors on this indicator was not 

revealed (FVariants*Years 1.0ns), which can be explained by the lack of statistical significance (denoted 

as "ns", which means "not significant"). 

Thus, based on the statistical analysis, it can be concluded that the indicator, the number of 

leaves per shoot, significantly depends on the experimental variants and the years of study, but does 

not depend on their interaction. This implies that the differences in the number of leaves per shoot 

between the experimental variants within each year are statistically significant and have a sufficient 

level of statistical significance. 
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The indicator Leaf Blade Area (cm2/leaf) showed no significant differences among the 

experimental variants (onto BxR Kober 5BB - FVariants 0.6ns; onto RxR 101-14 - FVariants 0.1ns). However, 

significant differences in this indicator were observed across the years of research (onto BxR Kober 

5BB - FYears 894.6*** ; onto RxR 101-14 - FYears 236.9*** ). It can be concluded that the years of research 

have a significant impact on this trait. The interaction between the factors of variants and years of 

research was also not revealed. Changes of data on Leaf Blade development is related to inadequate 

meteorological conditions during the years of research. In favourable years (2017-2018), the Leaf 

Blade Area in the control variant measures 138.6±0.4-144.6±0.4 cm2/leaf (BxR Kober 5BB) and 

131.6±3.2-141.0±2.6 cm2/leaf (RxR 101-14). In the subsequent years, there is a consistent decrease 

in Leaf Blade Area, which is attributed to reduced precipitation and elevated average monthly air 

temperatures during the vegetative period. For instance, in 2020, the Leaf Blade Area decreased by 

1.7-1.8 times compared to 2017-2018. Thus, the analysis of the results regarding the development of 

the Leaf Blade Area in clone R5 Cabernet Sauvignon onto BxR Kober 5BB and onto RxR 101-14 

indicates a statistically significant dependence of this indicator on the years of research. 

It has been found that throughout all years of the research, the highest values of Leaf Area per 

shoot (dm²/shoot) are observed in grapevines obtained from vines grafted using the first cutting taken 

from the base of the stock cane (EG 1). Through an in-depth analysis of the Leaf Area per shoot data 

indicator (dm²/shoot), we have unearthed an interaction among the experimental variants, research 

years, and their interplay. Notably, it has been established that a significant association exists among 

the experimental variants, which wield influence over the Leaf Area per shoot (Cl R5 Cabernet 

Sauvignon onto BxR Kober 5BB - FVariants 257.0*** ; Cl R5 Cabernet Sauvignon onto RxR 101-14 - 

FVariants 167.3*** ), underscoring the substantial impact of differences between experimental variants on 

this indicator. Moreover, the years of research exert a considerable effect on the Leaf Area per shoot 

(Cl R5 Cabernet Sauvignon onto BxR Kober 5BB - FYears 2646.6***; Cl R5 Cabernet Sauvignon onto 

RxR 101-14 - FYears 1361.6*** ), signifying the pivotal role played by variations in research years in 

reshaping this particular measure. Furthermore, the interaction between experimental variants and 

research years bears a discernible influence on the Leaf Area per shoot (onto BxR Kober 5BB - 

FVariants*Years 52.0*** ; onto RxR 101-14 - FVariants*Years 2.4*** ). The cumulative effect of experimental variants 

and research years indeed holds statistical significance for this indicator. These findings from the 

analysis underscore a robust and statistically significant relationship between experimental variants, 

research years, and the leaf area per shoot indicator.
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The Leaf Surface Area of a shoot, a vine, and a vineyard gradually increases, depending on 

the number of shoots (load) and the leaves developed on them. 

According to A. Amirdzhanov [154], at the beginning of flowering, the leaf surface area 

constitutes 15...30% of its maximum size, and after 20...25 days after flowering, it reaches 60...65%. 

The maximum Leaf Surface Area is reached at the beginning of berry ripening.  

The development of leaves on vines occurs unevenly and depends on a variety of internal and 

external factors: the number of shoots developed on the vines, the number of leaves developed on 

the shoots, the area of Leaf Blades, the arrangement of vines in space (slope steepness, exposure, 

and position on the slope), as well as a complex of agronomic practices [13]. 

The Leaf Area per vine of the R5 clone of Cabernet Sauvignon in 2017 at the end of the 

vegetation period in the control variant onto BxR Kober 5BB was 19.9±0.1 (bc) m2/vine, and onto 

RxR 101-14 it was 17.1±0.2 (bc) m2/vine (tab. 6.7, tab. 6.8). Grapevines obtained from grafted vines 

using 1st-3rd cuttings from the base of the stock cane (EG 1, EG 2, EG 3) showed an increase in Leaf 

Area as follows: onto BxR Kober 5BB, it was 23.8±0.4 (a) m2/vine; 21.5±0.3 (b) m2/vine; 19.4±0.3 

(cd) m2/vine (tab. 6.7). Cl R5 Cabernet Sauvignon onto RxR 101-14 was 20.3±0.3 (a) m2/vine; 

17.9±0.5 (b) m2/vine; 16.3±0.3 (cd) m2/vine (tab. 5.18). On vines received using stock cuttings from 

the top-cane (EG 4, EG 5), a decrease in leaf surface area by 1.1-1.2 times is observed, when grafted 

onto both rootstock varieties BxR Kober 5BB and RxR 101-14. 

The same developmental pattern in terms of Leaf Surface Area is observed and for vineyard 

plantations (thousand of m2/hectare) (tab. 6.7, tab. 6.8). These indicators depend on both 

experimental variants (FVariants 612.4*** ), the year of research (FYears 2475.2*** ), as well as the 

interaction between variants and years of research (FVariantsYears 9.8** *). Calculations of the Leaf Area 

of the vineyards of the studied clone grafted onto BxR Kober 5BB and RxR 101-14, revealed 

variations influenced by the different quality of the vines and a complex of meteorological conditions 

during their growth. In favourable years (2017), the Leaf Area reaches 48.2±0.3 and 41.4±0.3 

thousand of m2/hectare in the control variants. The highest indicators are characterised by grapevines 

grown from vines obtained by using cuttings from the first two metres from the base of the stock 

cane EG 1, EG 2 and EG 3, whereas when using cuttings from the top of stock cane, these indicators 

are significantly lower EG 4 and EG 5. This dependence is observed for all years of the research. 

During the analysis in the context of the years of the research, it was revealed that the highest 

indicators leaf surface area per hectare are characterised by vines (all variants) in 2017, decreasing 
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indicators in 2020, which is due to unfavourable weather conditions, which were formed from the 

end of 2019 and throughout 2020. 

According to A.A. Nichiporovich's research [287, 288], under natural field conditions, 

optimal Leaf Area for achieving the highest total photosynthesis is found in crops with a Leaf Area 

of 40-50 thousand m² per hectare or those with a Leaf Index of 4-5. Crops exhibit an optimal structure 

and developmental pattern of the assimilatory surface when the leaf area rapidly increases to 40 

thousand m² per hectare. Subsequently, depending on the length of the plants' vegetative period, it 

remains active at the same level for an extended period. Eventually, it significantly decreases or 

completely withers, reallocating the assimilates for the formation of reproductive or storage organs. 

It is characteristic that the development of grapevine Leaf Area depends on the rootstock 

variety onto which they are grafted. When grafted onto RxR 101-14, compared to BxR Kober 5BB in 

the control variant, the Leaf Area of shoots, vines and vineyard plantations decreases by 1.1-1.2 times, 

amounting to 29.9±0.4 dm2/shoot, 11.1±0.2 m2/vine, 26.9±0.5 thousand of m2/hectare. A reduction in 

Leaf Area is observed when using 4th (EG 4) and 5th (EG 5) cuttings for grafting. In unfavourable 

years, the growth parameters of shoot, vine and vineyards Leaf Area sharply decrease. 

We have established a positive linear correlation between the Length of Shoots and the area 

of their Leaf Areas. The correlation coefficients are high, ranging from r = 0.96 to 0.98. Research by 

A. Amirdzhanov [154], A. Shtirbu A.V. [335], A. Derendovskaia et al. [183] has also shown that a 

strong correlation exists between the Leaf Surface Area of each shoot and their individual length. 

The developed Leaf Surface is a fundamental parameter of plant photosynthetic activity. The 

growth of biomass of plant organs and their productivity depends on its development. 

When assessing a vineyard as an optical-biological photosynthetic system, the Leaf Area Index 

(LAI) i s used [183]. The Leaf Area Index, or foliage cover index, represents the ratio of the Leaf Area 

of the plant cover to the area of the soil it occupies. The Leaf Area Index is one of the key indicators 

characterizing the ability of leaves to capture solar energy [224, 290]. 

The Leaf Area Index of the R5 clone of Cabernet Sauvignon varies depending on the different 

quality of the vines, growing conditions, and the year of the research. Under favourable conditions, 

the Leaf Area Index ranges from 3.75±0.13 to 5.78±0.09 m²/m² (onto BxR Kober 5BB) and from 

3.30±0.08 to 4.92±0.07 m²/m² (onto RxR 101-14) (tab. 6.7, tab. 6.8). It significantly decreases under 

unfavourable conditions (2020-2021). Inhibition of Leaf Blade Area growth due to high temperatures 

and water deficiency leads to a reduction in the Leaf Area of shoots, vines, and vineyards. 
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Fig. 5.12. Shoot Productivity of Grapes Depending on Different Quality of Vines and 

Meteorological Conditions. 
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Cabernet Sauvignon variety is characterized by high sugar accumulation (tab. 6.28). This indicator 

varies from year to year and depends on experimental variants. It changes within the range of 233±1 

g/dm3 to 296±2 g/dm3 for mass concentration of sugars and 6.03±0.02 g/dm3 to 8.55±0.01 g/dm3 for 

mass concentration of titratable acids. Typically, an increase in yield leads to a decrease in the mass 

concentration of sugars. In unfavourable meteorological conditions, there is a reduction in yield, 

which increases the mass concentration of sugars and decreases the level of titratable acids (2020). 

Therefore, the after-effect of different quality in grafted vines on the growth and productivity 

of R5 clone Cabernet Sauvignon vineyards during the period of full fruiting is observed. A strong 

direct correlation has been established between the shoot growth, leaf surface area, and grape vineyard 

productivity (r = 0.98). In the variants (Scion with Tendrils, H2O; Scion with Tendrils, Calovit), there 

is a significant increase in the parameters of shoot growth, assimilation area surface, and vine 

productivity. 

5.3. Conclusions for Chapter 5 

1. In the process of researching the after-effects of the quality of stock and scion canes on vine 

establishment in a permanent place, the growth and development of young bushes, and their entry 

into fruiting were studied. 

2. To ensure a hundred percent survival rate of vines in their permanent place, as well as the growth 

and development of young vines, it is advisable to use rootstock cuttings cut from the first two 

meters from the base of the stock cane, scion cuttings with tendrils, and to conduct pre-

stratification treatment of grafted cuttings with a solution of calovit. 

3. The development level of the vines clone R5 Cabernet Sauvignon and their productivity manifest 

themselves depending on the variety of rootstock and the different quality of the planting material. 

The initiation of fruiting for the vines is observed in the third year after planting, and the 

completion of the vine shape formation period occurs in the fourth year. Depending on the 

experimental conditions, the yield when grafted onto BxR Kober 5BB rootstock ranges from 60.4 

to 82.9 centner per hectare and onto RxR 101-14 ranges from 5.45 to 7.44 tons per hectare, it 

increases significantly when planting saplings obtained by using cuttings from the base-cane (EG 

1, EG 2) and middle-cane of the stock zone (EG 3). 

4. The use of scion cuttings with tendrils for grafting, with a well-developed diaphragm in 

comparison to those without tendrils, leads to enhanced regeneration processes at the graft union 

zone, resulting in an increased output of grafted saplings from the nursery by 5.7-9.5%, especially 
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when treated with the growth stimulant calovit, which is manifested in the viability of vines on 

the permanent place. Young vines come into fruiting in the third year after planting, during the 

period of forming the vine's shape. Four-year-old vines are characterized by a yield varying 

between 6.49 to 8.69 centner per hectare, significantly increasing when planting vines obtained 

from well-developed scion cuttings with tendrils and pre-stratification treatment with calovit 

solution. 

5. It is shown that during the period of full fruiting (2015-2021), the average shoot load on the vines 

is established depending on the strength of the vine growth and varies from year to year. When 

cultivated onto the BxR Kober 5BB stock, the number of developed shoots per vine ranges from 

46.5 to 40.1 shoots/vine, and onto RxR 101-14 stock, it ranges from 43.5 to 39.2 shoots/vine. 

6. The growth of shoots and the development of the annual growth of the R5 clone Cabernet 

Sauvignon vines depend on agroecological conditions and vary from year to year. They increase 

the use of grafted vines for vineyard planting, produced by grafting I-II cuttings from the base of 

the stock cane. The growth parameters, in favourable years (2017), amount to (onto BxR Kober 

5BB) 80.4 and 72.5 cm/vine; the volume of annual growth is 5.7 and 4.9 dm³/vine, respectively. 

7. The growth and productivity of the canopy of grapevine plants as an optical-biological system 

depends on the development of the leaf surface. As a result of the activity of individual leaves, the 

total leaf surface of shoots, vines, and vineyards is formed. It has been established that by the end 

of the vegetation period in 2017, the leaf surface of the R5 clone Cabernet Sauvignon onto BxR 

Kober 5BB in the control variant amounts to 48.2 cm²/shoot and 21.3 m²/vine. When the use of 

planting stock, produced by grafting 1st-2nd cuttings from the base of the stock cane, the Leaf 

Surface Area increases and amounts to 54.9 and 50.8 cm²/shoot; 25.5 and 23.0 m²/vine; when the 

use of planting stock, produced by the top-cane stock (4th and 5th cuttings), the Leaf Surface Area 

decreases by 1.1-1.2 times. 

8. A positive linear correlation between shoot length and the area of their leaf surface has been 

established. The correlation coefficients are very high, ranging from 0.96 to 0.98, which is 

consistent with the studies of A. Amirdzhanov, A. Derendovskaia, A. Shtirbu. 

9. The Leaf Area Index, representing the ratio of the leaf area of vineyards to the area they occupy, 

characterizes the ability of leaves to absorb solar energy and perform the process of 

photosynthesis. Under favourable conditions, the Leaf Area Index of the R5 clone of Cabernet 
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Sauvignon is 4.6 to 5.6 m²/m² (onto BxR Kober 5BB) and 3.4 to 5.2 m²/m² (onto RxR 101-14). It 

sharply decreases under unfavourable conditions (2020-2021). 

10. A strong positive correlation (r = 0.96-0.97) has been established between the development of 

Leaf Surface and Shoot Productivity of the R5 clone of Cabernet Sauvignon. Notably, when 

cultivated onto RxR 101-14, compared to BxR Kober 5BB, Leaf Surface development decreases 

by 1.1-1.2 times, affecting Shoot Productivity. 

11. In favourable years, in control variants, the Shoot Productivity of vines ranges from 109.7 to 135.7 

g/shoot, while using planting stock, by I-II cuttings from the base of the stock cane, increases to 

114.0 to 148.6 g/shoot. Reduction in the size of shoot productivity is observed when using planting 

stock, by 4th and 5th cuttings from the base of the stock cane. In unfavourable years, shoot 

productivity decreases. 

12. The yield of vineyards of the R5 clone of the Cabernet Sauvignon variety, grown under the 

conditions of SC "Tomai-Vinex" SA, depends on the load of shoots on the vines, shoot 

productivity, and varies from year to year. In the control variants (2015-2018), when cultivated 

onto BxR Kober 5BB stock, the yield ranges from 4.09 to 5.69 kg per vine or 9.92 to 13.79 tons 

per hectare. It increases by 1.1-1.2 times when using planting stock, by 1st-2nd cuttings from the 

base of the stock cane, reaching 4.73 to 6.46 kg per vine or 11.47 to 15.67 tons per hectare. 

13. The R5 clone of the Cabernet Sauvignon is characterized by high sugar accumulation. When 

cultivated onto BxR Kober 5BB stock, the mass concentration of sugars varies within the range 

of 224 to 258 g/dm³; the mass concentration of titratable acids ranges from 8.0 to 9.1 g/dm³. Onto 

RxR 101-14 stock, the values are 238 to 265 g/dm³ for sugar concentration and 7.5 to 9.1 g/dm³ 

for titratable acid concentration, respectively. 

14. The growth, development of leaf surface, and productivity of clone R5 Cabernet Sauvignon 

grapevines are directly dependent on the quality of the planting stock, obtained using scion with 

and without tendrils, as well as the action of growth regulator (calovit). Yield (in 2017) in control 

variants amounts to 5.09 kg per vine and 123.5 centners per hectare (scion without tendrils, H2O); 

5.98 kg per vine and 14.49 tons per hectare (scion with tendril, H2O). In the variant (scion with 

tendril, calovit), the yield compared to the control increases by 1.3 times and amounts to 6.65 kg 

per vine or 16.13 tons per hectare. In unfavourable years (2020-2021), regardless of the 

experimental variations, the yield decreases. 
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The transition of cultivating European vine clones to a more intensive, cost-effective, energy- 

and resource-saving technology at SC «Tomai-Vinex» SA requires not only the reconstruction of 

trellis and support systems, changes in vine shape, and canopy management techniques but also the 

development of scientific foundations for these agricultural practices related to enhancing the 

photosynthetic activity of leaf surfaces and the biological productivity of shoots and vines. In 

connection with this, a comparative assessment of vineyard conditions before and after reconstruction 

was carried out in 2013-2014 (fig. A 8.4, fig. A 8.5). Parameters such as shoot growth, leaf surface 

area, leaf photosynthetic activity, and vine productivity of the studied clones were investigated. In 

commercial grape vine plantations, the architecture of vines is determined by the trellis and training 

system, the structure of the vine shape (placement of the trunk, cordons, shoots, etc.), and the vine 

canopy management. 

6.1.1. Shoot and Leaf Growth 

Vineyard canopy management is used to increase productivity, improve fruit quality, reduce 

disease risk, and make other vineyard operations easier. Shoot density, shoot length, lateral shoot 

growth, and others are some of the more widely utilised canopy assessment criteria [59] . 

Shoot Growth initiates after bud-break and, depending on the variety's characteristics and 

environmental conditions, typically continues until the onset of shoot maturation, and in some cases, 

until the physiological maturity of the berry [319]. We conducted research to determine the number 

of shoots, their average length, and to calculate the Annual Growth Development of vines before and 

after the reconstruction of vineyards at SC «Tomai-Vinex» SA (tab. 6.1). 

Established that in 2013, the number of shoots for the R5 clone of Cabernet Sauvignon ranged 

from 27.0 to 28.1 per vine, while for the 348 clone of Merlot, it was 24.2 to 26.1 per vine. The shoot 

length during the phase of intensive growth before reconstruction was 91.4 cm for the R5 clone of 

Cabernet Sauvignon and 101.7 cm for the 348 clone of Merlot. After reconstruction, these values 

increased by 1.3 times, and a similar pattern was observed during the phase of growth attenuation.  

According to S. Melnik's data [255], the main indicator characterizing the degree of growth in 

vines of different grape varieties is the Volume of Annual Shoot Growth. It depends on the number 

of developed shoots per vine, their average length, and their diameter. Besides varietal characteristics, 

the growth of shoots is influenced by the environmental conditions of the growing area and cultivation 

practices (plant nutrition area, vine shape, irrigation, fertilization, physiological-active substances, 

etc.) [313]. 
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canopy volume; number of leaves and shoots per vine and per linear metre of row; shoot length and 

leaf area; development pattern of lateral shoots, and more [183, 152] emphasizes that the formation 

of an optimally sized photosynthetic apparatus is crucial for achieving high yields. 

As an optical-biological system, the growth and production of the grapevine canopy are 

dependent on the rhythmicity of physiological processes related to shoot development and leaf 

apparatus. Leaves play a crucial role in vital processes such as photosynthesis, transpiration, and 

respiration, the activity of which varies due to plant variety traits and their adaptation to external 

environmental factors. As a result of individual leaf activities, the cumulative leaf area of shoots, 

vines, rows, and vineyards is formed. The magnitude, structure, and functional conditions of the leaf 

surface determine the yield quantity, economic outcome, and product quality [154, 313, 335]. The 

increase of leaf surface area during grapevine ontogenesis represents a fundamental process essential 

for proper CO2 assimilation during photosynthesis. According to V. Naumenko [276, 277], the rates 

of leaf surface formation in grapevines vary and are dependent on varietal biological traits and their 

response to growth conditions. 

Under certain instances of solar radiation influx, the amount of energy absorbed by plants in 

terms of Photosynthetically Active Radiation (PAR) primarily depends on the dimensions of the Leaf 

Surface Area, the course of its formation throughout the vegetation period, and the spatial arrangement 

of leaf mass. 

The research was conducted by us during periods of highest photosynthetic activity of leaves 

in the fruit set growth stage and the maximum development of the assimilation surface during the 

maturity stage. It has been established that for the investigated clones, the growth and development of 

leaf surface depend on varietal characteristics, and growth stages, and vary based on the system of 

shoot growth management. 

It has been demonstrated that the length, width, and thickness of leaf blades are determined by 

individual clone traits. These measurements are higher in clone 348 Merlot compared to clone R5 

Cabernet Sauvignon and vary according to vegetation stages (tab. A 6.1). 

During the period of intense berry growth, the leaf blade area for clone R5 Cabernet Sauvignon 

before vineyard reconstruction is 105.3 cm²/leaf and during ripening, it's 128.9 cm²/leaf; for clone 348 

Merlot, it's 125.5 and 143.5 cm²/leaf, respectively (tab. 6.2). 
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The content of chlorophyll also increases by 1.5-2.3 and 1.5-3.2 times, respectively, with an 

increase in the surface content of chlorophyll. Leaf biomass accumulates, with an increase in its 

content by 7.44-14.61 and 11.26-42.11 grams of leaves per shoot.  

It was established that the correlation coefficients between the Chlorophyll Content and the 

Leaf Surface Area per shoot are r = 0.92 (fig. 6.3), and between Chlorophyll Content and Shoot 

Productivity, the correlation coefficient is r = 0.92. These findings indicate a connection between Leaf 

Surface Development, Chlorophyll Content, Organic Substance Formation, and Grapevine Plant 

Productivity. 

This confirms the importance of accumulating an optimal level of chlorophyll concentration, 

which in turn stimulates the development of grapevine leaf structures, enhances photosynthetic 

efficiency, and ultimately increases the productivity of grapevine shoots. This process also contributes 

to the formation of a greater quantity of organic substances, which serve as the foundation for plant 

growth and development. The enhanced productivity of grapevine shoots leads to increased yields and 

berry quality, essential for successful agricultural production and achieving the economic goals of 

viticulture. 

According to Derendovskaia A. et al. [183], the increase in the assimilation surface area of 

grapevine plants during ontogenesis is a fundamental process necessary for normal plant metabolism. 

The rates of leaf surface formation in grapevine varieties vary and depend on their biological 

characteristics and how they respond to growing conditions. The authors note that the growth of the 

assimilation surface in grapevine plants, and the rates at which it increases, are more intense before 

the onset of berry growth. Subsequently, the growth of the assimilation surface slows down, which is 

likely related to changes in donor-acceptor relationships and the allocation of assimilates towards 

berry growth. There is a direct correlation observed between the development of the leaf surface and 

the chlorophyll content. 

6.1.3. Productivity of Vineyards 

Productivity is the end consequence that defines the viability of producing a specific grape 

variety. The final result that determines the usefulness of growing a particular variety is its 

productivity. Yield is the sum of a number of biological, ecological and anthropogenic (technological) 

indicators. More than a year elapses between the setting of the plant in the buds of the dormant buds 

in the form of embryonic inflorescences and the harvesting of the grapes. During this period, the 

reproductive organs of the grapevine are affected by a large number of different factors. 
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A positive linear correlation has been established between the Shoot Leaf Surface Area and its 

Shoot Productivity in the grapevine clones under study. The correlation coefficients (r2) are high, 

ranging from 0.97 to 0.98 (fig. 6.4). 

Therefore, the reconstruction of the vineyards conducted at SC "Tomai-Vinex" SA in 2013 led 

to changes in the canopy phytometric characteristics, an increase in shoot growth parameters and 

assimilation surface, enhancement of leaf photosynthetic activity, which ultimately contributed to the 

increased productivity of the studied clones. 

6.2. Assessment of the Condition of Vineyard Plantations in the Second Year After 
Reconstruction 

 A further analysis of the grapevines' condition was conducted in the second year following the 

reconstruction. Parameters such as growth, photosynthetic activity, and productivity of the 

reconstructed plantations were studied under the agroecological conditions of SC "Tomai-Vinex" SA. 

This analysis aimed to deepen our understanding of the reconstruction's effects in the subsequent year, 

its impact on the adaptation of grapevine plants, and the activity of physiological processes within 

them. 

6.2.1. Shoot and Leaf Growth 

At the post-reconstruction stage (2014), the number of shoots for clone R5 Cabernet 

Sauvignon ranges from 29.1 to 30.3 shoots per vine, and for clone 348 of Merlot, it ranges from 27.1 

to 28.3 shoots per vine. The mean length of the shoots during the stage of shoot growth (June, 16) is 

127.3 cm for clone R5 Cabernet Sauvignon and 141.2 cm for clone 348 Merlot (tab. 6.6). 

Table 6.6. Development of Annual Growth of Vines in the Second Year After Reconstruction, 2014. 

Growth 
Stage Clone Number of 

Shoot, pcs./vine 
Shoot Length, 

cm 
Annual Growth Length  

m/vine th.m/ha 
Shoot 

Growth 
Cl R5 29.1±0.2 127.3±2.4 37.0±0.3 89.8±2.2 
Cl 348 27.1±0.2 141.2±2.5 38.3±0.3 92.8±2.2 

Cane 
Ripening 

Cl R5 30.3±0.3 145.8±2.5 44.2±0.4 107.1±2.5 
Cl 348 28.3±0.2 162.7±2.8 46.0±0.4 111.6±2.8 

Growth 
Stage Clone Volume of Annual Growth 

cm3/shoot m3/vine  th.m3/ha 
Shoot 

Growth 
Cl R5 27.0±0.2 0.8±0.1 1.9±0.1 
Cl 348 33.5±0.3 0.9±0.1 2.2±0.1 

Cane 
Ripening 

Cl R5 73.2±0.5 2.2±0.1 5.4±0.2 
Cl 348 90.1±0.5 2.6±0.1 6.2±0.2 

Cl R5 - Clone R5 of Cabernet Sauvignon 
Cl 348 - Clone 348 of Merlot 
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Table 6.8. Content of Assimilation Pigments in the Leaves of of Vines in  
the Second Year After Reconstruction, mg/g of dry matter , 2014. 

Clone ch.a ch.b ch.a+ ch.b caroten. ch.a/ch.b ch.a+ 
ch.b/caroten. 

Fruit set 
Cl R5 7.298±0.08 4.134±0.05 11.432±0.11 1.501±0.02 1.8/1 7.6/1 
Cl 348 8.634±0.08 4.548±0.05 13.182±0.11 1.981±0.02 1.9/1 6.7/1 

Maturity 
Cl R5 5.855±0.06 2.715±0.02 8.570±0.10 1.621±0.01 2.2/1 5.3/1 
Cl 348 7.328±0.08 2.997±0.02 10.325±0.11 3.503±0.03 2.5/1 3.0/1 

Cane Ripening 
Cl R5 5.490±0.06 2.764±0.02 8.254±0.10 1.567±0.02 2.0/1 5.3/1 
Cl 348 6.441±0.07 2.729±0.02 9.170±0.11 2.068±0.02 2.4/1 4.4/1 

Cl R5 - Clone R5 of Cabernet Sauvignon 
Cl 348 - Clone 348 of Merlot 

The content of assimilation pigments, their ratio and state, and the dynamics of chlorophylls 

and carotenoids in grapevine leaves are indicators of the photosynthetic activity of plants. In 

grapevines, the content of assimilation pigments (chlorophylls and carotenoids) in leaves and their 

ratio change during ontogenesis depending on varietal characteristics (tab. 6.8). 

It has been established that during the period of fruit set, in the leaves of clone R5 Cabernet 

Sauvignon from the reconstructed plantings, the concentration of chlorophyll a is 7.298±0.08, 

chlorophyll b is 4.134±0.05, the sum of chlorophylls a+b is 11.432±0.11, and carotenoids are 

1.501±0.02 mg/g of absolutely dry biomass. The concentration of assimilation pigments in the leaves 

of the clone 348 Merlot increases by 1.1-1.2 times compared to the clone R5 Cabernet Sauvignon. 

Additionally, the Chlorophyll Index (chlorophyll a/chlorophyll b) increases, while the Pigment Index 

(chlorophyll a+b/carotenoids) decreases. 

In subsequent phases, there is a decrease in chlorophyll levels, but the level of carotenoids 

increases, especially in the Merlot clone 348. Carotenoids serve as additional pigments in 

photosynthesis and, at the same time, play a protective role by shielding chlorophyll molecules from 

irreversible light-induced oxidation [305]. 

Parameters of Leaf Photosynthetic Activity include the developing Leaf Surface Area, the 

content of Plastid Pigments in the leaves, and the increase in Plant Organ Biomass per shoot, which 

is presented in Table 6.9. 

It is shown that during the growth stage of fruit set, the Leaf Surface Area of clone R5 Cabernet 

Sauvignon shoots is 40.1±0.4 dm2/shoot, while that of clone 348 Merlot shoots is 46.0±0.4 dm2/shoot. 
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It contains 229.6±2.2 mg/shoot and 280.6±2.3 mg/shoot of chlorophyll and 20.1±0.2 g/shoot and 21.3 

21.3±0.2 g/shoot of absolutely dry biomass, respectively. 

Table 6.9. Indicators of Photosynthetic Activity in Grape Plants in  
the Second Year After Reconstruction, 2014. 

Clone Leaf Area,  
dm2/shoot 

Chlorophyll Content, 
mg/shoot 

Leaf Biomass,  
g/shoot 

Fruit set 
Cl R5 40.1±0.4 229.6±2.2 20.1±0.2 
Cl 348 46.0±0.4 280.6±2.3 21.3±0.2 

Clone Leaf Area, 
dm2/shoot 

Chlorophyll Content, 
mg/shoot 

Leaf Biomass, 
g/shoot 

Shoot  
Productivity  

Maturity 
Cl R5 45.4±0.5 244.7±2.5 28.6±0.3 145.9±2.4 
Cl 348 49.6±0.5 342.5±2.5 33.2±0.3 199.2±2.5 

Cl R5 - Clone R5 of Cabernet Sauvignon 
Cl 348 - Clone 348 of Merlot 

These indicators noticeably increase during the berry ripening phase, especially in the case of 

the clone 348 Merlot variety. It is worth noting a high correlation between the parameters of 

Photosynthetic Activity and Shoots Productivity (grape mass per shoot). 

I. Tarchevsky [324] believe that the most accurate representation of the development capacity 

of the photosynthetic apparatus can be obtained through data on the chlorophyll content in all plant 

organs, and the pigment content can be used as an indicator determining the potential photosynthetic 

productivity of wheat. The authors believe that determining the development capacity of the 

photosynthetic apparatus based on chlorophyll content can be used to characterize the potential ability 

to yield not only in individual plants but also in the entire crop. I. Tarchevsky et al. [325] introduce 

the "Chlorophyll Index," which expresses the total chlorophyll content in crop plants, normalized per 

unit area, in g/m² or kilogramme per hectare. 

Table 6.10. Chlorophyll Parameters of Grapevine Clones in  
the Second Year After Reconstruction, 2014. 

Clone 
Chlorophyll Parameters 

Chlorophyll Content  Chlorophyll Index 
mg/shoot g/vine g/m2 kg/ha 

Fruit set 
Cl R5 229.6±2.4 6.7±0.1 1.98±0.02 19.7±0.2 
Cl 348 280.6±2.4 7.6±0.1 2.25±0.02 22.4±0.2 

Maturity 
Cl R5 244.7±2.5 7.4±0.2 2.19±0.03 21.9±0.2 
Cl 348 342.5±2.5 9.7±0.2 2.87±0.03 28.6±0.3 

Cl R5 - Clone R5 of Cabernet Sauvignon 
Cl 348 - Clone 348 of Merlot 
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leads to an increase in the length of annual shoot growth, parameters of leaf photosynthetic activity, 

chlorophyll content, enhancement of leaf photosynthetic activity, and accumulation of biomass, 

ultimately contributing to the productivity increase of the vineyards of clones under study. 

6.3. Conclusions for Chapter 6 

1. The vineyard reconstruction carried out in 2013-2014, involving changes in the type of supports, 

the vineyard canopy management techniques, and a complex of agronomic practices, led to an 

increase in shoot growth parameters, leaf surface area, enhanced photosynthetic activity of leaves, 

and shoot productivity. The indicators of the chlorophyll index increase by 1.2 times, and the 

photosynthetic potential increases by 1.3 times. 

2. The total length of the vine's growth by the end of the vegetation period is 44.2 meters per vine 

for clone R5 Cabernet Sauvignon and 46.0 meters per vine for clone 348 Merlot. The volume of 

Annual Growth for clone R5 Cabernet Sauvignon is 2.2 dm3 per vine, while for clone 348 Merlot, 

it increases to 2.6 dm3 per vine. 

3. A strong correlation was observed between photosynthetic activity indicators and shoot 

productivity (cluster weight/shoot). The chlorophyll index, which characterizes the accumulation 

of chlorophyll per unit leaf area of grapevine plantations (in g/m², kg/ha), is high and amounts to 

2.2 g/m² and 21.9 kg/ha (clone R5 Cabernet Sauvignon); 2.9 g/m² and 28.6 kg/ha (clone 348 

Merlot). 

4. It has been determined that for clone R5 of the Cabernet Sauvignon variety, the mean number of 

clusters is 36.3 per vine with a mean weight of 121.8 grams; the yield is 4.42 kilograms per vine. 

The sugar content is 226 g/dm3, and titratable acidity is 8.3 g/dm3. For clone 348 of the Merlot 

variety, these indicators are higher and amount to a mean cluster weight of 167.5 grams, a yield 

of 5.66 kilograms per vine. The sugar content is 228 g/dm3, and titratable acidity is 8.2 g/dm3. 

5. The reconstruction of grapevine plantations, associated with changes in the the shoot training 

system, leads to changes in the Phytometric Indicators of the Vine Canopy, an increase in the 

Growth Parameters of Shoots and the Assimilation Surface, and an enhancement of Leaf 

Photosynthetic Activity, which ultimately contributes to the increased Productivity of the studied 

clones. 
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7. MONITORING OF THE GROWTH, DEVELOPMENT AND 
PRODUCTIVITY OF GRAPEVINE CLONES  

7.1.  Shoot Growth and Development 

During the period from 2015 to 2021, we conducted monitoring of the growth, development, 

and productivity of Cl R5 Cabernet Sauvignon and Cl 348 Merlot clones in reconstructed vineyards. 

These studies aimed to obtain valuable data on how these clones adapt to new conditions after 

vineyard reconstruction. An analysis of various aspects of their growth was carried out, including the 

dynamics of annual shoot growth, leaf formation, as well as yield parameters and the quality of the 

obtained produce. These observations allowed us to better understand which factors influence the 

successful development of these Cl R5 Cabernet Sauvignon and Cl 348 Merlot clones in new 

conditions and which agronomic methods may be most effective for their cultivation. The obtained 

results will help optimize grape cultivation practices and increase the yield and quality of the produce 

in the future. 

Studying the formation of the above-ground part of the grapevine, is an important aspect of 

understanding how grape plants adapt to their environment and how comfortable they are in their 

habitat. One of the key indicators that allows the evaluation of this adaptation is the growth and 

development of grapevine annual shoots. Based on this data, conclusions can be drawn about the 

development of grapevine canopies. Therefore, studying the characteristics of this process in 

European grapevine clones under the conditions of the ATU Gagauzia is a relevant research topic.  

Various factors such as meteorological conditions, vine canopy architecture, training systems, 

other agronomic practices, and genetic characteristics of clones can influence the growth and 

development of Annual Growth. Understanding these factors will help optimize the cultivation 

methods of European clones in the Autonomous and increase both yield and product quality. 

Within the scope of the study, we conducted monitoring of the growth and development 

characteristics of the Annual Growth of clone R5 Cabernet Sauvignon and clone 348 Merlot from 

2015 to 2021 in the conditions of the ATU Gagauzia. Using the example of the SC «Tomai-Vinex» 

SA agricultural enterprise, we analyzed the influence of these factors on the development of 

grapevines and their potential for producing high-quality grapes. The length of the Annual Growth 

depends on factors such as the number of shoots formed on the vine and their length. Throughout the 

entire period of research (2015-2021), it was found that the clone R5 Cabernet Sauvignon forms 

29.7±0.3 shoots per vine, while the clone 348 Merlot forms 25.7±0.3 shoots per vine (tab. 7.1).  
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Analyzing the Leaf Blade Area parameter over the research period, it is observed that the 

highest value of this parameter was recorded in 2017 - 182.2±0.7 cm²/leaf (tab.7.2). This suggests 

favourable conditions for the growth and development of the Leaf Blade Area during that period. In 

the subsequent years, 2018 and 2016, the Leaf Blade Area were 174.6±0.7 cm²/leaf and 169.8±0.5 

cm²/leaf, respectively, both exceeding the average value. Conversely, in 2015, 2019, and 2021, the 

Leaf Blade Area was below average, measuring 146.9±0.5 cm²/leaf, 146.7±0.6 cm²/leaf, and 

123.3±0.4 cm²/leaf, respectively. Particularly noteworthy is the year 2020, with the minimum Leaf 

Blade Area value of 107.3±0.3 cm²/leaf. The research has shown that the clone Cl 348 Merlot is 

characterized by the highest Leaf Blade Area, measuring 175.1±3.8 square centimetres per leaf, 

whereas the average leaf blade area for clone Cl R5 Cabernet Sauvignon over all years of the study 

was 125.1±2.9 square centimetres, which is 1.4 times smaller. Statistical analysis confirms the 

significance of differences in Leaf Blade Area across the experimental variants (FClone 757.3*** ), 

research years (FYear 115.9*** ), and their interaction (FCloneYear 4.1** ). These findings highlight the 

impact of varying climatic conditions throughout the research period and the varietal traits of clones 

on the development of grapevine Leaf Blade Area. Higher precipitation years and Clone 348 exhibit 

an increase in this parameter. These results facilitate more effective vineyard management by 

considering the factors investigated. 

Since the shoot is the primary biological unit of the grapevine agroecosystem, the indicator of 

leaf area development on the shoot is extremely important. We have found that this indicator 

amounted to 38.5±1.4 dm³/shoot for Cl R5 Cabernet Sauvignon and 48.2±1.6 dm³/shoot for Cl 348 

Merlot over the research period. This means that the leaf area per shoot for clone Cl 348 Merlot is 1.3 

times higher than for clone Cl R5 Cabernet Sauvignon. The highest development results for this 

indicator were observed in 2017 and 2018, while the lowest were recorded in 2020, and compiled at 

25.1±1.0 dm³/shoot. 

It was found that the studied clones are characterized by the following development of Leaf 

Area per vine and per hectare: for Cl R5 Cabernet Sauvignon - 11.7±0.5 m²/vine, 34.5±1.6 thousands 

of m2 per hectare and for clone Cl 348 Merlot - 12.7±0.54 m²/vine, 37.5±1.4 thousands of m2 per 

hectare. The maximum values were achieved in 2017 and amounted to 18.6±0.7 m²/vine, 55.0±1.5 

thousands of m2 per hectare for clone Cl 348 Merlot and 17.0±0.5 m²/vine, 50.1±2.5 thousands of m2 

per hectare for Cl R5 Cabernet Sauvignon. Statistically significant differences were identified 
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depending on the experimental variants and years of research, while the interaction between factors 

was slightly lower. 

The Leaf Area Index (LAI) of grapevines is used to assess the physiological condition of plants 

and their photosynthetic activity. The highest Leaf Area Index value was recorded in 2017 at 

5.50±0.19 m²/m² for Cl 348 Merlot and 5.01±0.15 m²/m² for Cl R5 Cabernet Sauvignon. The results 

from 2018, 5.14±0.17 m²/m² for Cl 348 Merlot and 4.68±0.14 m²/m² for Cl R5 Cabernet Sauvignon, 

also indicate a high level of photosynthetic activity in those years. However, the low values of the 

Leaf Area Index in 2020 and the relatively below-average values in 2015, 2019, and 2021 underscore 

the impact of unfavourable factors, such as drought, on the development of grapevine plants during 

these periods. The average Leaf Area Index value over the entire period for Cl R5 Cabernet Sauvignon 

is 3.44±0.14 m²/m², which is 0.3 m²/m² less than for Cl 348 Merlot. The statistical significance of 

differences in the Leaf Area Index, confirmed by ANOVA analysis, emphasizes the importance of 

considering this parameter when planning and optimizing grape-growing processes in the 

agroecological conditions of ATU Gagauzia. 

The data we obtained on the Leaf Area Index (LAI) of clones for the period 2015-2021 

represent valuable information for grape-growing practices and scientific research. Higher values of 

the Leaf Area Index indicate better development of the grapevine canopy, signalling more favourable 

conditions for photosynthesis and overall plant health. Conversely, lower values suggest unfavourable 

conditions such as drought or other stresses affecting the grapevine. 

Thus, it is important to note that the heterogeneity of meteorological conditions in the ATU 

Gagauzia significantly influences the development of the Leaf Area in the grapevine plantations of 

clone R5 Cabernet Sauvignon and Cl 348 Merlot. Years with favourable conditions contributed to 

more active Leaf Area growth, while periods with less favourable conditions, such as 2019 and 2020 

(characterized by a decrease in precipitation and an increase in summer temperatures), hurt the 

development of the Leaf Surface Area of grapevines. This aspect is crucial for understanding long-

term trends and planning grape-growing activities in the region. It plays a key role in enhancing the 

resilience of the grape-growing industry in ATU Gagauzia amid changing meteorological conditions. 

7.3. Productivity of Vineyards 

We monitored the changes in the productivity of these clones over the following years (2015-

2021) (fig. A.10.13, fig. A.10.14). The parameters of grapevine yield represent quantitative 

characteristics of plant productivity. These parameters include the number of clusters, cluster weight, 
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However, in 2020, there was a significant decrease in cluster number to 29.5±0.2 clusters/vine 

for clone R5 Cabernet Sauvignon and 26.2±0.1 clusters/vine for clone 348 Merlot. Additionally, in 

2019 and 2021, a moderate decrease was observed. These results may suggest unfavourable conditions 

for yield development during those periods. The mean number of clusters over the entire period is 

36.6±0.4 clusters/vine for clone R5 Cabernet Sauvignon and 33.1±0.4 clusters/vine for clone 348 

Merlot. Highly statistically significant differences in the number of clusters per vine were identified 

depending on the experimental variants (FClone 3396.4*** ), the year of research (FYear 1714.9*** ), and 

the interaction between factors (FClone*Year 22.1*** ). 

The cluster weight is one of the key indicators of grape yield. We found that the clone R5 

Cabernet Sauvignon exhibits the formation of a greater number of clusters in the agro-ecological 

conditions of ATU Gagauzia compared to clone 348 Merlot, whereas there is an inverse relationship 

observed in terms of cluster weight (fig. A 10.16, fig. A 10.17). Thus, the mean cluster weight for 

clone R5 Cabernet Sauvignon and clone 348 Merlot throughout the 2015-2021 research was 103.2±3.0 

grams and 142.0±4.1 grams, respectively (tab. 7.3). The highest cluster weight was recorded in 2017: 

130.5±1.8 grams for clone R5 Cabernet Sauvignon and 179.5±1.6 grams for clone 348 Merlot, which 

is 1.4 times higher. Statistical significant differences in cluster weight were found across different 

years of research and among experimental variants, as well as interactions between these factors. 

The variation in cluster weight over the years of the research has influenced the fruit yield per 

vines of the examined clones. On mean over the research period, the yield of clone R5 Cabernet 

Sauvignon was 3.85±0.14 kg/vine, while for clone 348 Merlot it was 4.80±0.18 kg/vine, which is 1.2 

times higher. The highest fruit yields were observed in 2017: for clone R5 Cabernet Sauvignon - 

5.08±0.10 kg/vine, and clone 348 Merlot - 6.48±0.11 kg/vine. 

The highest vineyard yield was achieved in 2017: the clone R5 Cabernet Sauvignon amounted 

to 149.8±2.6 centners/hectare, and the clone 348 Merlot - 191.2±2.0 centners/hectare. Similar high 

yields were also recorded in 2016 and 2018, indicating favourable productivity during these years. 

However, there was a significant decrease in yield in 2020. The vineyard yield of the studied clones 

sharply declined this year, reaching 48.6±0.8 centners/hectare (Cl R5 Cabernet Sauvignon) and 

59.4±1.5 centners/hectare (Cl 348 Merlot), which is directly associated with unfavourable weather 

conditions. In 2021, there was a recovery of vineyard yield after the drought; however, the vineyard 

yield did not reach the mean values for the years of the research. 
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Cl R5 Cabernet Sauvignon Cl 348 Merlot 

Fig. 7.1. Monitoring the Relationship between Leaf Area and Yield of Grapevine Clones, (2015-2021). 

We analyzed the relationship between Leaf Area and fruit yield per vine for the grapevine 

clones studied in the conditions of the ATU Gagauzia (fig. 7.1). The results of the analysis are 

presented by the regression equation and correlation coefficient. The equation for clone R5 Cabernet 

Sauvignon, y=3.2x+0.53, indicates that each additional square meter of Leaf Area (x) leads to an 

increase in fruit yield (y) of 3.2 kg per vine. Similarly, for clone 348 Merlot, the equation 

y=2.73x+0.28 indicates that an increase in leaf area per square meter results in an increase in yield of 

2.73 kg per vine. The confidence interval confirms the statistical significance of the correlation and 

provides a high degree of confidence in the results. The correlation coefficients, r = 0.97±0.1 (Cl R5 

Cabernet Sauvignon) and r = 0.98±0.1 (Cl 348 Merlot), indicate a strong linear relationship between 

Leaf Area and fruit yield per vine for the clones under study. A correlation coefficient close to 1 

indicates a strong positive relationship between Leaf Area and vine yield. The high coefficients of 

determination, r² = 0.94 (Cl R5 Cabernet Sauvignon) and r² = 0.96 (Cl 348 Merlot) suggest that 94% 

and 96% of the variation in vine yield, respectively, is explained by changes in Leaf Area, confirming 

the model's good explanatory power. Additionally, the standard error of the estimate (byx=3.2±0.4 and 

byx=2.73±0.04) indicates the stability of the slope estimate for the regression line. 

The obtained results provide valuable information for grape growers, which they can utilize to 

optimize vineyard management practices. Increasing Leaf Area can be a crucial method for enhancing 

yield, and this analysis emphasizes the key role of Leaf Area in grape yield formation. These findings 

offer a useful foundation for developing effective vineyard management strategies, which can 

significantly improve overall grapevine productivity. Thus, grape growers can apply the findings of 

this study in the development and implementation of strategies for optimal vineyard management. 
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 Therefore, the productivity of the vineyard for clone R5 of Cabernet Sauvignon and clone 348 

of Merlot in SC "Tomai-Vinex" SA is influenced by the agroecological conditions of their cultivation. 

The reconstruction of vineyards carried out in 2013, involved changes in the type of supports, vineyard 

canopy management techniques, and a complex of agronomic practices (mechanized care for vines, 

fertilization, chemical means of protection, etc.), which allows for yields of up to 149.8±2.6 centners 

per hectare for Cabernet Sauvignon Cl R5 and 191.2±2.0 centners per hectare for Merlot Cl 348, with 

the quality of the produce meeting technological requirements (fig. A. 8.7). However, the dependence 

of shoot growth, photosynthetic activity, and the productivity of vines on meteorological conditions 

leads to changes in the morpho-anatomical and physiological growth parameters of shoots and leaf 

areas, affecting their photosynthetic activity. In certain years (2019-2021), there is a depression in 

growth processes and photosynthetic activity in plants, resulting in reduced grapevine plantation 

productivity. 

7.4. Conclusions for Chapter 7 

1. In favourable years, the shoot productivity of the studied grapevine clones increases by 1.9 times. 

The vineyard reconstruction conducted allows for yields of up to 15.0 tons per hectare for clone 

R5 Cabernet Sauvignon and 19.0 tons per hectare for clone 348 Merlot, with product quality 

meeting technological requirements. 

2. The productivity of the vineyard for clone R5 of Cabernet Sauvignon and clone 348 of Merlot in 

the ATU Gagauzia is influenced by the agroecological conditions of their cultivation. The 

dynamics of shoot productivity changes in the studied clones at SC "Tomai-Vinex" SA 

demonstrate its dependence on meteorological conditions, which vary inadequately from year to 

year. 

3. The dependence of shoot growth, photosynthetic activity, and the productivity of vines on 

meteorological conditions leads to changes in the morpho-anatomical and physiological growth 

parameters of shoots and leaf areas, affecting their photosynthetic activity. In certain years (2019-

2021), there is a depression in growth processes and photosynthetic activity in plants, resulting in 

reduced grapevine plantation productivity. In dry years (2019-2021), shoot productivity and crop 

yields decrease by up to two times. A direct correlation has been established between shoot 

productivity and the amount of precipitation, while an inverse correlation has been noted between 

shoot productivity and average annual temperature values. 
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Table 8.1. Economic Efficiency of Grape Production Depending on the Different Quality of 
Vines. Clone R5 Cabernet Sauvignon onto BxR Kober 5BB. 

Variants Year 
Yield, 

center per 
hectare 

Price of 1 
centner of 

production, 
lei 

Revenue 
from 

product 
sales, lei 

Production 
and sales 
costs, lei 

Profit, lei (P) 
Profitabili
ty level, % 

(Pr) 

CG 

2015 10.59 4500 47655 34765.5 12889.5 37.1 
2016 13.07 4700 61429 36981.5 24447.5 66.1 
2017 14.81 5100 75531 37814.5 37716.5 99.7 
2018 14.40 4200 60480 38430.0 22050.0 57.4 
2019 10.84 4600 49864 38478.0 11386.0 29.6 
2020 4.42 5800 25636 38328.0 -12692.0 -33.1 
2021 8.30 8000 66400 42235.0 24165.0 57.2 

EG 1 

2015 13.84 4500 62280 36228.0 26052.0 71.9 
2016 17.40 4700 81780 38930.0 42850.0 110.1 
2017 17.93 5100 91443 39218,5 52224.5 133.2 
2018 17.20 4200 72240 39690.0 32550.0 82.0 
2019 13.38 4600 61548 39621.0 21927.0 55.3 
2020 5.19 5800 30102 39471.0 -9369.0 -23.7 
2021 9.75 8000 78000 42887.5 35112.5 81.9 

EG 2 

2015 11.95 4500 53775 35377.5 18397.5 52.0 
2016 16.03 4700 75341 38313.5 37027.5 96.6 
2017 17.32 5100 88332 38944.0 49388.0 126.8 
2018 15.74 4200 66108 39033.0 27075.0 69.4 
2019 11.73 4600 53958 38878.5 15079.5 38.8 
2020 4.78 5800 27724 38728.5 -11004.5 -28.4 
2021 8.97 8000 71760 42536.5 29223.5 68.7 

EG 3 

2015 11.25 4500 50625 35062.5 15562.5 44.4 
2016 14.60 4700 68620 37670.0 30950.0 82.2 
2017 15.96 5100 81396 38332.0 43064.0 112.3 
2018 15.10 4200 63420 38745.0 24675.0 63.7 
2019 10.46 4600 48116 38307.0 9809.0 25.6 
2020 4.25 5800 24650 38157.0 -13507.0 -35.4 
2021 7.97 8000 63760 42086.5 21673.5 51.5 

EG 4 

2015 10.13 4500 45585 34558.5 11026.5 31.9 
2016 12.84 4700 60348 36878.0 23470.0 63.6 
2017 13.60 5100 69360 37270.0 32090.0 86.1 
2018 11.40 4200 47880 37080.0 10800.0 29.1 
2019 8.63 4600 39698 37483.5 2214.5 5.9 
2020 3.52 5800 20416 37333.5 -16917.5 -45.3 
2021 6.61 8000 52880 41474.5 11405.5 27.5 

EG 5 

2015 8.82 4500 39690 33969.0 5721.0 16.8 
2016 9.93 4700 46671 35568.5 11102.5 31.2 
2017 11.65 5100 59415 36392.5 23022.5 63.3 
2018 9.44 4200 39648 36198.0 3450.0 9.5 
2019 7.20 4600 33120 36840.0 -3720.0 -10.1 
2020 3.24 5800 18792 36690.0 -17898.0 -48.8 
2021 6.07 8000 48560 41231.5 7328.5 17.8 
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It has been established that the economic indicators of grape production at SC 'Tomai-Vinex' 

SA are highly dependent on the yield of vineyards and the prices of products that vary from year to 

year (tab. 8.1). To assess the efficiency of grape production for clone R5 of Cabernet Sauvignon 

variety, the yield indicators in tons per hectare were used. In the control variants from 2015 to 2018, 

when grafted onto BxR Kober 5BB stock, the yield ranged from 10.59 to 14.40 tons per hectare. In 

variants EG 1, EG 2, EG 3 (on vines grown from grafted vines using 1st-3rd cuttings from the base of 

the stock cane), the yield increased to 15.96 to 17.93 tons per hectare, especially in favourable 

meteorological conditions, as seen in the year 2017. In EG 4 and EG 4 (on vines grown from grafted 

saplings using 4th and 5th cuttings, from the top-cane of stock), the yield of the vines remained at the 

control level or decreased. Thus, the prolonged effect of the variability of grafted saplings on the 

growth, development, and productivity of vineyards is observed, which is reflected in the economic 

efficiency indicators. At a grape selling price of 5100 lei per ton in the control variant, the revenue 

from product sales (R) amounted to 75,531 lei. With production and sales costs of 37,814.5 lei per 

hectare, the profit amounted to 37,716.5 lei per hectare, and the level of profitability was 99.7%. In 

the EG 1, EG 2, EG 3 (1st-3rd cuttings), the profitability level increased to 133.2%, 126.8%, and 

112.3%, respectively. In the Experimental Group 4 and Experimental Group 5 (when cultivating vines 

from grafts onto cuttings from the top zone of the cane stock, 4th and 5th cuttings), the profitability 

decreased by 1.2 and 1.6 times compared to the control variant, respectively. 

In 2018, due to the low selling price of the product (4200 lei per ton) and increased costs, the 

profitability level in the control variant was 57.4%, which decreased by 1.7 times compared to 2017. 

The decrease in profitability levels was also observed in other experimental variants, but the 

previously identified pattern of increased profit and profitability levels vines when using grafted 

saplings from the top zone of the stock cane for grafting remained consistent. 

In the subsequent years (2019-2021), due to unfavourable meteorological conditions (soil-air 

drought), there was a decrease in grape yield, profit from product sales, and profitability levels 

regardless of the experimental options. In 2020, negative indicators of economic efficiency (profit, 

profitability) were observed for all experimental options. However, in 2021, there was an increase in 

grape yield, and with the increased selling price (8000 lei per ton), profits and profitability will 

increase, reaching 24,165 lei per hectare and 57.2% in the Control Group (CG); 35,112.5 lei per 

hectare and 81.9% (CG 1); 29,223.5 lei per hectare and 68.7% (CG 2). 
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In this variant, profitability increases by 1.3 times. In unfavourable years (2019-2021), regardless of 

the experimental variants, a decrease in yield, profit, and profitability is observed. In some years 

(2020), the indicators of economic efficiency acquire negative values. 

Consequently, the analysis of economic efficiency parameters in the production of clone R5 

of Cabernet Sauvignon shows the dependence of these indicators on the one hand on the quality of 

the stock and scion materials and on the other hand on meteorological conditions that do not 

adequately develop during the years of the research. Long-term research conducted by us has shown 

that using grafted vines obtained from the first meter from the base of the stock cane and scion with 

tendrils increases the productivity and profitability of grapevine plantations. 

8.2. Economic Efficiency of Grapevine Clones Production under the Conditions of SC 
«Tomai-Vinex» SA 

 The research on the parameters of the economic efficiency of grape production at SC 'Tomai-

Vinex' SA was conducted from 2015 to 2021 in the reconstructed vineyards of the R5 clone of 

Cabernet Sauvignon and the 348 clone of Merlot grown onto BxR Kober 5BB stock. 

During the economic analysis, several factors were taken into account, including grapevine 

yield, production costs, market demand, and price dynamics over the entire period of the study. 

Analyzing and interpreting these factors provides a comprehensive understanding of the economic 

efficiency of grape production at the SC "Tomai-Vinex" SA enterprise. 

The R5 Cabernet Sauvignon and 348 Merlot clones are characterized by distinctive growth 

traits, which further contribute to their economic value. The analysis conducted during the research 

period revealed differences in their growth parameters, photosynthetic activity, and productivity. 

These characteristics of the studied clones can serve as a basis for developing vineyard management 

strategies aimed at maximizing their potential and ensuring sustainable production practices. 

The analysis showed that the studied clones possess a high productivity potential and resilience 

to changing environmental conditions, ensuring stable yields even in less favourable years. We have 

established that in favourable years, the studied clones demonstrate good yield performance, reaching 

14.0-15.0 tons per hectare (for clone R5 Cabernet Sauvignon) and 18.0-19.0 tons per hectare (for 

clone 348 of Merlot) (tab. 8.3). They are characterized by high sugar accumulation, sufficient for 

producing high-quality red table wines. With such productivity indicators, the level of profitability 

reaches 101.6% and 145.3%, respectively. 
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GENERAL CONCLUSIONS  
1. Analysis of the development indicators of the viticulture industry of the ATU Gagauzia, which is 

part of the grape and wine region with the protected geographical indication "Valul lui Traian", 

conducted over the past 25 years showed that the fruit-bearing area of vineyards decreases 

annually by an average of 500 hectares, while the gross grape harvest decreases by an average of 

270 tons/year. The reserve for growth in the yield of vineyards of the Autonomy is about 2.5 

tons/ha. 

2. For the first time in the conditions of ATU Gagauzia, a prolonged effect of the quality of cuttings 

and grafted vines on the growth and development of grapevines in their permanent place has been 

established. In the case of the R5 clone of the Cabernet Sauvignon variety grown at SC "Tomai-

Vinex" SA, the fruiting period begins in the fourth year after planting and depends on the rootstock 

variety. When grafted onto RxR 101-14 in the control variants, the yield is 1.38 kg per vine, and 

onto BxR Kober 5BB, it is 1.69 kg per vine. An increase in yield of 7.8-21.5% was observed when 

cuttings from the base and middle zones of the rootstock canes were used for grafting, compared 

to the control variants 

3. It was found that during the full fruiting period (2015-2021), the mean Shoot Load, Growth, and 

Development of Annual Growth in clone R5 Cabernet Sauvignon vines depend on agroecological 

conditions and vary by year. In favorable meteorological years (2017), when grown on BxR Kober 

5BB rootstock, the number of developed shoots ranged from 40.1 to 46.5 per vine, and the Volume 

of Annual Growth ranged from 4.4 to 5.7 dm³ per vine, depending on the experimental variant. 

These indicators increased in variants using cuttings taken from the base of the rootstock canes 

(1st and 2nd cutting). A similar trend was also observed in clone R5 Cabernet Sauvignon grafted 

onto RxR101-14 rootstock. 

4. It has been established that by the end of the vegetation period, the Leaf Surface Area of the clone 

R5 Cabernet Sauvignon onto BxR Kober 5BB in the control variant (2017) amounts to 48.2 dm2 

per shoot and 21.3 m2 per vine. When using cuttings from the base of the rootstock canes for 

grafting, the Leaf Surface Area of the plants increases by 1.1-1.2 times and noticeably decreases 

when using cuttings from the top zone of the rootstock canes. When grafted onto RxR 101-14, 

there is some reduction in the size of the Leaf Surface Area, but the observed pattern among the 

experimental variants remains consistent; 
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5. A strong direct correlation has been identified between Leaf Surface Area Development and 

Shoots' Productivity. The correlation coefficients are high, ranging from r=0.96 to 0.98. 

Interestingly, when grafted onto RxR 101-14, compared to BxR Kober 5BB, Leaf Surface Area 

and Shoot Productivity indicators decrease by 1.1-1.2 times. Shoot productivity in the control 

variants amounts to 109.7-135.7 g per shoot, and when using 1st-3rd cuttings from the base of the 

rootstock canes, it increases to 114.0-148.6 g per shoot; 

6. For the first time, it was determined that the yield of clone R5 Cabernet Sauvignon depends on 

the Shoot Load of the vines, Shoot Productivity, and meteorological conditions of the year. In the 

control variants (2015-2018), when grafted onto BxR Kober 5BB, the yield ranged from 4.09 to 

5.69 kg per vine. It increases by 1.1-1.2 times when using 1st-2nd cuttings from the base of the 

rootstock cane. The sugar content varies within the range of 224 g/dm3 to 258 g/dm3 (BxR Kober 

5BB) and 238 g/dm3 to 265 g/dm3 (RxR 101-14), with titratable acidity of 8.0 g/dm3 to 9.1 g/dm3 

and 7.5 g/dm3 to 9.1 g/dm3, respectively; 

7. Changes in the training system and canopy management of grapevines from a hanging shoot 

positioning to a vertical shoot positioning system contribute to an increase in Leaf Surface 

Parameters and its Photosynthetic Activity. In favourable years, the Leaf Area Index reaches 5.5 

m²/m², Chlorophyll Content is 9.7 g/vine, the Chlorophyll Index is 2.87 g/m², and Shoot 

Productivity is 160.6 g/shoot for clone R5 Cabernet Sauvignon and 230.8 g/shoot for clone 348 

Merlot, which is 1.3-1.4 times higher than in non-reconstructed plantations. 

8. The monitoring of the productivity of the studied clones (2015-2021) conducted in the conditions 

of the SC "Tomai-Vinex" SA has shown that they are characterized by high yield and product 

quality. In favourable years (2017), the yield of the clone R5 Cabernet Sauvignon reaches 15.0 

ton per hectare with a sugar mass concentration of 235 g/dm3 and titratable acidity of 8.9 g/dm3; 

the clone 348 Merlot yields up to 19.1 ton per hectare with a sugar mass concentration and 

titratable acidity of 238 g/dm3 and 8.8 g/dm3, respectively. In unfavourable years (2019-2020), 

the productivity of the vineyards decreased by 1.4-2.8 times. A negative correlation coefficient 

has been established between the productivity of grapevine plantations and the amount of annual 

precipitation (r=0.81); 

9. The analysis of the economic efficiency parameters of grape production for clone R5 Cabernet 

Sauvignon revealed their dependence on the quality of scion and rootstock materials, as well as 

on meteorological conditions, which were unfavorable during 2019-2021. In favorable 
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APPENDIX 

Appendix 1. 
Quality Certificates of Saplings and Vineyard Planting Plans 

 

Figure. A 1.1. Planting Material and Grapevine Propagation Material Production License. 
SC «Tomai-Vinex» SA. 

 

Figure. A 1.2. Purchase Invoice for Grapevine Scion Cuttings (Cl R5 of Cabernet Sauvignon 
variety and Cl 348 of Merlot variety). SC «Tomai-Vinex» SA. 
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Figure. A 1.3. Certificates of Quality for Grapevine Grafted Saplings. Cl R5 Cabernet 
Sauvignon onto BxR Kober 5BB and Cl 348 Merlot onto BxR Kober 5BB. 

SC «Tomai-Vinex» SA. 
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Figure. A 1.4. Certificate of Variety for Grapevine Grafted Saplings. Cl R5 Cabernet 
Sauvignon onto BxR Kober 5BB and Cl 348 Merlot onto BxR Kober 5BB. 

SC «Tomai-Vinex» SA. 

 

Figure. A 1.5. Project for Establishing Perennial Plantations.  
SC «Tomai-Vinex» SA. Planting 2005. 
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Figure. A 1.6. Project Passport for Establishing Perennial Plantations. 
SC «Tomai-Vinex» SA. Planting 2005. 

 

Figure. A 1.7. Scheme of Grapevine Plantations. SC «Tomai-Vinex» SA. 
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Figure. A 1.8. Act of Planting Grapevine Plantations. Cl R5 Cabernet Sauvignon onto BxR 
Kober 5BB. SC «Tomai-Vinex» SA, Planting 2005. 

 

Figure. A 1.9. Characteristics of Young Grapevine Plantations. First Year of Planting.  
Clone R5 Cabernet Sauvignon onto BxR Kober 5BB. SC «Tomai-Vinex» SA, 2005.  
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Figure. A 1.10. Commissioning Act of Young Perennial Plantations. 
Clone R5 Cabernet Sauvignon onto BxR Kober 5BB. SC «Tomai-Vinex» SA, 2009. 

 

Figure. A 1.11. Project Passport for Establishing Perennial Plantations.  
SC «Tomai-Vinex» SA. Planting 2006. 
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Figure. A 1.12. Amendment to the Perennial Plantation Establishment Project.  
SC «Tomai-Vinex» SA. Planting 2006. 

 

Figure. A 1.13. Act of Planting Grapevine Plantations. Cl R5 Cabernet Sauvignon onto BxR 
Kober 5BB and Cl 348 Merlot onto BxR Kober 5BB. SC «Tomai-Vinex» SA, Planting 2006.
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Appendix 2. 
Meteorological Conditions in the Years of Research 

Table A 2.1. Mean Monthly Temperature Values (t,0C)  
(according to the data from the Agro-Industrial Complex of the ATU Gagauzia). 

Months 
Mean 
long-
term 

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 

January -2.3 -2.8 -3.8 1.6 -6.4 3.8 -1.6 -1.1 -4.2 -2.0 -2.7 -1.9 -0.5 -0.9 -2.5 -4.6 -0.3 -1.4 3.1 1.1 
February -1.1 -5.9 0.5 -2.1 -2.5 0.8 2.0 1.5 -0.5 -3.0 -7.5 1.6 -0.1 1.6 5.6 0.3 -0.1 2.8 4.3 1.2 
March 3.1 0.8 5.8 2.5 2.9 6.2 7.1 3.8 3.6 3.5 4.3 2.7 8.1 5.1 6.6 7.7 2.8 7.4 8.5 4.1 
April  9.7 8.3 10.7 9.7 10.2 10.1 10.8 11.4 10.6 9.4 12.7 12.0 11.6 10.4 13.4 9.4 14.7 10.4 10.8 8.6 
May 15.7 19.8 14.8 16.1 15.3 17.8 15.1 15.9 16.5 16.2 18.7 18.7 16.3 17.2 15.7 16.2 18.5 17.0 15.3 15.7 
June 19.5 21.3 18.9 18.6 19.8 22.5 20.4 20.9 20.4 20.1 22.7 21.1 19.5 20.9 21.5 21.2 22.0 23.4 22.0 19.9 
July 21.3 21.3 21.3 22.1 22.0 25.2 21.7 24.3 22.9 23.0 26.0 21.6 23.1 23.9 23.4 22.2 22.5 22.8 24.0 24.1 
August 21.0 23.0 21.2 21.4 22.3 24.1 23.9 21.9 25.0 22.0 23.6 22.4 23.5 24.6 23.3 23.0 24.0 23.6 24.2 22.6 
September 16.1 16.0 16.6 18.7 17.1 16.5 15.8 18.2 16.5 19.2 18.8 15.1 18.1 20.4 18.7 19.2 18.0 18.4 20.5 16.0 
October 10.4 9.8 12.3 10.9 11.9 11.8 12.5 11.9 8.0 9.4 13.4 11.2 10.5 10.2 9.1 11.5 13.5 12.9 15.5 10.0 
November 4.3 5.8 5.6 4.4 6.1 3.3 5.5 6.6 10.5 2.5 6.2 9.1 4.8 7.4 4.9 6.7 3.5 9.1 5.4 7.4 
December -0.3 0.3 2.5 1.3 3.0 0.3 2.0 -0.7 -1.3 2.8 -2.3 0.4 0.5 2.0 -0.1 4.0 -0.1 4.0 3.5 2.5 

Mean 
per year 9.8 9.8 10.5 10.4 10.1 11.9 11.3 11.2 10.7 10.3 11.2 11.2 11.3 11.9 11.6 11.4 11.6 12.5 13.1 11.1 

Table A 2.2. Precipitation Indicators (mm) 
 (according to the data from the Agro-Industrial Complex of the ATU Gagauzia). 

Months 
Mean 
long-
term 

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 

January 27.0 40.0 63.0 30.0 27.0 34.1 19.3 20.7 34.4 27.0 26.1 49.4 41.6 21.1 40.3 10.8 14.7 37.4 8.0 31.2 
February 32.0 32.0 29.0 38.9 11.3 20.5 2.4 23.5 64.4 5.9 11.8 27.3 8.6 30.4 11.3 40.2 41.3 15.7 21.5 7.3 
March 27.0 2.0 22.0 24.0 46.8 33.3 35.1 39.3 26.1 6.7 6.6 27.2 18.1 57.3 28.1 25.8 42.4 4.0 4.2 29.4 
April  37.0 40.0 41.0 17.4 36.1 27.9 31.3 10.4 23.0 50.7 14.7 13.2 31.7 25.8 25.2 86.9 0.0 25.8 7.1 32.3 
May 50.0 34.0 103.0 57.5 50.1 16.4 34.1 30.5 69.6 27.9 54.2 8.1 46.0 10.9 64.2 27.4 39.6 41.7 28.3 85.5 
June 68.0 90.0 53.0 78.6 101.4 125.6 91.6 29.5 117.1 59.5 43.3 67.2 47.5 27.6 161.4 87.1 40.5 86.6 54.4 92.7 
July 57.0 101.0 58.0 62.8 15.1 0.3 35.0 60.8 88.6 41.2 31.1 71.4 19.4 30.8 5.7 123.6 144.1 17.3 54.0 67.4 
August 52.0 22.0 52.0 52.0 75.5 63.5 9.7 17.3 35.9 15.4 64.4 19.4 31.4 10.9 27.4 13.8 12.8 70.3 10.8 10.4 
September 45.0 22.0 42.0 71.5 85.3 14.1 62.4 44.3 50.3 16.2 15.1 165.8 11.5 3.1 49.7 1.7 53.6 43.5 23.6 5.0 
October 24.0 42.0 19.0 15.6 13.3 34.6 26.1 41.0 74.8 26.0 48.8 35.4 43.6 73.4 96.9 74.9 5.1 28.3 65.4 7.0 
November 37.0 7.0 47.0 60.6 10.5 68.1 10.3 8.8 12.0 0.0 12.3 21.3 74.5 70.6 39.9 27.6 24.3 5.4 29.0 15.3 
December 36.0 19.0 28.0 35.7 3.2 62.7 39.8 71.4 49.9 18.8 123.5 2.6 41.9 0.4 19.2 40.6 19.2 10.5 51.5 69.8 

Sum  
per year 492.0 451.0 557.0 544.6 475.6 501.1 397.1 397.5 646.1 295.3 451.9 508.3 415.8 362.3 569.3 560.4 437.6 386.5 357.8 453.3 
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Appendix 3. 

The State of the Viticulture Industry in the Southern Grape-Wine Region  

 

Figure. A 3.1. General Map Delimitation of the Grape-Wine Area of the Republic of Moldova 
(Appendix to Order No. 11 dated 28.01.2016 of the Ministry of Agriculture and Food 

Industry).  

 
 

Figure. A 3.2. General Map Delimitation of the Grape and Winegrowing Area of the Republic 
of Moldova (Appendix to Order No. 12 dated 28.01.2016 of the Ministry of Agriculture and 
Food Industry).  
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Figure. A 3.3. The Structure of the Region with the Protected Geographical Indication  
"Valul lui Traian."  
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Table A 3.1. Indicators of Grape Cultivation in Farms of All Categories,  
ATU Gagauzia, 1997-2021 

Year  Area, hectares Gross harvest, tons Yield, tons per hectare 
1997 16816 37089 2.21 
1998 15685 29838 1.90 
1999 14914 31535 2.11 
2000 12653 53000 4.19 
2001 12459 33539 2.69 
2002 12265 46668 3.80 
2003 11911 44909 3.77 
2004 12573 57402 4.57 
2005 12284 40249 3.28 
2006 12201 29480 2.42 
2007 11739 24320 2.07 
2008 9187 31958 3.48 
2009 8226 26567 3.23 
2010 8242 13961 1.69 
2011 5852 25173 4.22 
2012 5874 21329 3.63 
2013 4841 36714 7.58 
2014 4820 32095 6.66 
2015 4876 28582 5.86 
2016 4943 33577 6.79 
2017 4900 39162 7.99 
2018 4841 53715 9.27 
2019 6622 44847 6.77 
2020 4491 21999 4.90 
2021 5379 31329 7.10 
Mean 228594 869037 3.80 

 
Source: Data from the Main Directorate of the Agro-Industrial Complex of the ATU Gagauzia 
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a) 

 

b) 

 
Figure. A 3.4. Dynamics of Grapevine Yield. ATU Gagauzia. 

a) 1997-2008 
b) 2009-2021  
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Table A 3.2. Grape Production Indicators in Agricultural Enterprises of ATU Gagauzia 

Year Area, hectares Gross harvest, tons Yield, tons per hectare 

�K�R�P�U�D�W���'�L�V�W�U�L�F�W 

2009 4348 13920 3.20 
2010 5334 8425 1.58 
2011 3579 14468 4.04 
2012 3412 10808 3.17 
2013 2492 17387 6.98 
2014 2587 16844 6.51 
2015 2592 18441 7.11 
2016 2472 16848 6.82 
2017 2399 18826 7.85 
2018 2412 22980 9.53 
2019 2634 24333 9.24 
2020 2644 14247 5.39 
2021 2574 20405 7.93 
Mean 3036.8 16764 5.52 

Ceadir-Lunga District 
2009 2513 6502 2.59 
2010 1585 1607 1.01 
2011 934 2762 2.96 
2012 953 3290 3.45 
2013 920 6171 6.71 
2014 777 5169 6.65 
2015 1114 5199 4.67 
2016 1004 5260 5.24 
2017 1053 7835 7.44 
2018 1002 9018 9.00 
2019 1757 6258 3.56 
2020 544 2452 4.51 
2021 587 3891 6.63 
Mean 1134.1 5031.8 4.44 

Vulcanesti District 

2009 1365 6145 4.50 
2010 1323 3883 2.93 
2011 1339 7445 5.56 
2012 1509 7232 4.79 
2013 1429 13157 9.21 
2014 1457 10082 6.92 
2015 1170 4942 4.22 
2016 1467 11469 7.82 
2017 1448 12501 8.63 
2018 1427 12870 9.02 
2019 2231 14256 6.39 
2020 1303 5321 4.08 
2021 1253 7033 5.61 
Mean 1440.1 8948.9 6.21 
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ATU Gagauzia 

2009 8226 26567 3.23 
2010 8242 13915 1.69 
2011 5852 24675 4.22 
2012 5875 21329 3.63 
2013 4841 36715 7.58 
2014 4821 32095 6.66 
2015 4876 28582 5.86 
2016 4943 33577 6.79 
2017 4900 39162 7.99 
2018 4841 44868 9.27 
2019 6622 44847 6.77 
2020 4491 21999 4.90 
2021 4415 31329 7.10 
Mean 5611.2 30743.1 5.48 

Source: Data from the Main Directorate of the Agro-Industrial Complex of the ATU Gagauzia 
 

Appendix 3.3. 

Calculation of Potential Grape Yield in ATU Gagauzia 
 

The calculation of Potential Grape Yield indicators in the regions of ATU Gagauzia is carried 

out based on the data from Table A 3.2, covering 13 years. 

�d = �¾�¡  (�L �± Number of years in the analyzed period), 

�d = �¾�s�u = 3.�������§������ 

in this study we use k = 4 out of analyzed 13 years for further calculations. P is the product of 

the highest yields for "k" years, so we use 4 years with the highest yields. 

The Yield Growth Reserve (�ûq) is found as the difference between the Potential Productivity 

Level (qpot) and the Actual Yield (qa) using the formula: 

 �ûq = qpot - qa 

From the analyzed period for ATU Gagauzia, the highest yields (Table A 3.2.) are as follows: 

2013 �± 7.58 tons per hectare; 2017 �± 7.99 tons per hectare; 2018 �± 9.27 tons per hectare; 2021 �± 7.10 

tons per hectare (t/ha). 

qpot= �¾���y�ä�w�z�®�y�ä�{�{ �®�{�ä�t�y�®�y�ä�s�r�0  = 7.95 t/ha (estimated Potential Productivity Level); 

�ûq = 7.95 t/ha �± 5.48 t/ha = 2.47 t/ha (Yield Growth Reserve). 

The highest yields in the �Komrat District (Table A 3.2.) are as follows: 2017 �± 7.85 t/ha; 2018 

�± 9.53 t/ha; 2019 �± 9.24 t/ha; 2021 �± 7.93 t/ha. 

qpot= �¾���y�ä�z�w�®�{�ä�w�u�®�{�ä�t�ä�®�y�ä�{�u�0  = 8.60 t/ha; �ûq = 8.60 t/ha �± 5.52 t/ha = 3.08 t/ha. 
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The highest yields in the Ceadir-Lunga District (Table A 3.2.) are as follows: 2013 �± 6.71 t/ha; 

2014 �± 6.65 t/ha; 2017 �± 7.44 t/ha; 2018 �± 9.00 t/ha. 

qpot = �¾���x�ä�y�y�®�x�ä�x�w�®�y�ä�v�v�®�{�ä�r�r�0  = 7.39 t/ha; �ûq = 7.39 t/ha �± 4.44 t/ha = 2.96 t/ha. 

From the analyzed period in the Vulcanesti district, the highest yield indicators (Table A 3.2) 

are as follows: 2013 �± 9.21 t/ha; 2016 �± 7.82 t/ha; 2017 �± 8.63 t/ha; 2018 �± 9.02 t/ha. 

qpot = ���¾���{�ä�t�s�®�y�ä�z�t �®�z�ä�x�u�®�{�ä�r�t�0  = 8.65 t/ha; �ûq = 7.39 t/ha �± 4.44 t/ha = 2.96 t/ha. 

Table A 3.3. Indicators of Grape Production Stability in Agricultural Enterprises  
of the ATU Gagauzia (1997-2020). 

Indicator Name Harvested Area, 
hectare 

Gross Harvest, 
tons 

Yield, ton per 
hectare 

on average for 1997-2020 

On Average per Year  9301 34905 3.75 
Annual Standard Deviations  4030 10978 2.22 
Coefficient of Variation, %  43.3 31.5 5.92 
Range of Variation 11996 43441 7.58 

on average for 1997-2008  

On Average per Year  12891 38332 2.97 
Annual Standard Deviations  2020 10240 0.90 
Coefficient of Variation, %  15.7 26.7 3.10 
Range of Variation 7629 33082 2.67 

on average for 2009-2020 

On Average per Year  5711 31477 5.51 
Annual Standard Deviations  1326 11022 2.30 
Coefficient of Variation, %  23.2 35.0 4.19 
Range of Variation 3422 39754 7.58 

Source: Author's calculations 
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Table A 3.4. Indicators of Grape Cultivation in SC «Tomai-Vinex» SA, 2001-2021. 

Year  Area, hectares Gross Harvest, tons Yield,  
tons per hectare 

2001 418.0 12289.2 2.94 
2002 350.6 10553.1 3.01 
2003 381.6 12859.9 3.37 
2004 403.1 11649.6 2.89 
2005 491.0 15761.1 3.21 
2006 351.0 10916.1 3.11 
2007 381.0 26670.0 7.00 
2008 381.0 28498.8 7.48 
2009 143.0 8808.8 6.16 
2010 142.0 5112.0 3.60 
2011 129.0 7482.0 5.80 
2012 143.0 14142.7 9.89 
2013 143.0 20391.8 14.26 
2014 132.0 17529.6 13.28 
2015 132.0 12936.0 9.80 
2016 124.0 15264.4 12.31 
2017 124.0 21613.2 17.43 
2018 144.0 24840.0 17.25 
2019 155.0 11315.0 7.30 
2020 170.0 8806.0 5.18 
2021 170.0 14467.0 8.51 
Mean 238.5 14852.7 6.23 

 
Source: Data from the Accounting Department of SC «Tomai-Vinex» SA 
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Appendix 4 

Biological and Technological Features of Grafted Vine Saplings Production in  
SC "Tomai-Vinex" SA. 

Table A 4.1. Basic Quality Indicators of Cuttings, Depending on Their Layout Along the 
Length of the Stock Cane. SC "Tomai-Vinex" SA, 2004. 

Variants Mass of 100 
Cuttings, kg 

Content in 100 cuttings 
Dry matter, kg Carbohydrates, g 

BxR Kober 5BB 

CG 1.58±0.03 0.99±0.02 128.5±1.8 
EG 1 1.82±0.04 1.18±0.03 148.3±2.1 
EG 2 1.71±0.04 1.11±0.03 157.5±2.2 
EG 3 1.64±0.04 0.98±0.02 140.9±2.1 
EG 4 1.58±0.03 0.99±0.02 138.4±1.9 
EG 5 1.13±0.02 0.70±0.01 81.1±1.7 

RxR 101-14 

CG 1.67±0.03 1.08±0.03 140.2±2.0 
EG 1 1.96±0.04 1.27±0.04 158.5±2.2 
EG 2 1.88±0.04 1.23±0.03 151.8±2.2 
EG 3 1.68±0.03 1.09±0.03 133.9±1.9 
EG 4 1.52±0.03 0.99±0.02 127.8±1.8 
EG 5 1.31±0.02 0.85±0.01 113.1±1.8 

 
Table A 4.2. The Carbohydrate Content in 100 pieces of Rootstock Cuttings, Depending on 

Their Positioning Along the Length of the Stock Cane, SC «Tomai-Vinex» SA, 2004. 

Variants 
Carbohydrate Content, % 

Monosaccharides Disaccharides Total Sugars Starch Total 
Carbohydrates 

BxR Kober 5BB 

CG 3.70±0.07 2.30±0.03 6.00±0.12 6.98±0.12 12.98±0.22 
EG 1 3.13±0.06 2.29±0.03 5.42±0.11 7.15±0.13 12.57±0.22 
EG 2 3.60±0.07 3.00±0.04 6.60±0.12 7.59±0.14 14.19±0.23 
EG 3 4.06±0.08 3.10±0.04 7.16±0.13 7.22±0.13 14.38±0.23 
EG 4 4.08±0.08 2.98±0.04 7.06±0.13 6.92±0.12 13.98±0.22 
EG 5 3.92±0.07 1.52±0.02 5.44±0.10 6.15±0.11 11.59±0.21 

RxR 101-14 

CG 4.28±0.08 1.78±0.02 6.06±0.13 6.93±0.12 12.99±0.22 
EG 1 3.50±0.07 1.60±0.02 5.10±0.10 7.38±0.13 12.48±0.23 
EG 2 3.48±0.07 1.72±0.02 5.20±0.11 7.14±0.13 12.34±0.23 
EG 3 3.50±0.07 1.84±0.03 5.34±0.11 6.94±0.12 12.28±0.21 
EG 4 4.06±0.08 1.96±0.03 6.02±0.12 6.77±0.11 12.79±0.22 
EG 5 4.85±0.08 2.04±0.04 6.89±0.13 6.41±0.11 13.30±0.22 
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Table A 4.3. Scion Budburst of Grafted Grape Cuttings, Depending on their Layout Along the 
Length of the Stock Cane. End of Stratification.  SC «Tomai-Vinex» SA, 2004. 

 

Varia
nts 

Number of Grafted Cuttings 
 pcs.  % 

produced budburst 
non-

budburst 
 

defective budburst 
non-

budburst 

 
defective 

 

BxR Kober 5BB 

CG 500 204 294 2 40.8 58.8 0.4 
EG 1 470 176 288 6 37.4 61.3 1.3 
EG 2 492 220 269 3 44.7 54.7 0.6 
EG 3 560 169 387 4 30.2 69.1 0.7 
EG 4 406 150 250 6 36.9 61.6 1.5 
EG 5 380 127 239 14 33.4 62.9 3.7 

RxR 101-14 

CG 460 102 354 4 22.2 76.9 0.9 
EG 1 495 132 360 3 26.7 72.7 0.6 
EG 2 462 94 365 3 20.3 79 0.7 
EG 3 460 91 364 5 19.8 79.1 1.1 
EG 4 432 91 338 3 21.1 78.2 0.7 
EG 5 425 96 324 5 22.6 76.2 1.2 

 
 

Table A 4.4. The Influence of Different Quality of Scion Cuttings and Treatment with Calovit 
on Budburst Processes. End of Stratification. Clone R5 Cabernet Sauvignon  

onto BxR Kober 5BB. SC «Tomai-Vinex» SA, 2004. 

Variants 

Number of Grafted Cuttings 
pcs.  % 

produced budburst non-
budburst 

 
defective budburst non-

budburst 

 
defective 

 
�Z�L�W�K�R�X�W���W�H�Q�G�U�L�O�V���G2�H 550 170 372 8 30.9 67.6 1.5 
with tendrils �G2�H 550 255 291 4 46.4 52.9 0.7 
without tendrils Calovit 550 71 469 10 12.9 85.3 1.8 
with tendrils Calovit 550 214 330 6 38.9 60.0 1.1 
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Appendix 5 

Survival Rate of Grafted Saplings, Growth, and Development of Young Vines  

Table A 5.1. Survival Rates of Grafted Vine Saplings in Permanent Location, Based on Their 
Quality. First Year After Planting. SC «Tomai-Vinex» SA, 2005. 

Variants 
Survival Rates, % 

Cl R5 Cabernet Sauvignon onto 
BxR Kober 5BB 

Cl R5 Cabernet Sauvignon onto 
RxR 101-14 

CG 96.1 96.1 
EG 1 97.4 100.0 
EG 2 97.4 97.4 
EG 3 96.1 97.4 
EG 4 86.8 94.7 
EG 5 85.5 89.5 

 

Table A 5.2.  The Impact of Different Quality Saplings on the Degree of Young Vines 
Development. Third Year Afte rPlanting. SC «Tomai-Vinex» SA, 2007. 

Variants 
Number of Vines, % 

Vigorous Vines Medium Vines Weak Vines 
Cl R5 Cabernet Sauvignon onto BxR Kober 5BB 

CG 34.9 47.6 17.5 
EG 1 44.5 38.9 16.6 
EG 2 39.0 44.4 16.6 
EG 3 37.5 43.8 18.7 
EG 4 32.1 36.3 31.6 
EG 5 29.3 31 39.7 

Cl R5 Cabernet Sauvignon onto RxR 101-14 

CG 37.6 41.6 20.8 
EG 1 45.9 36.7 17.4 
EG 2 42.3 38.8 18.9 
EG 3 38.5 40.2 21.3 
EG 4 30.1 35.3 34.6 
EG 5 23.5 34.3 42.2 
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Table A 5.3. The Impact of Grafted Saplings Quality on Formed Degree of Grapevine. 
Fourth Year of Planting. SC «Tomai-Vinex» SA, 2008. 

Variants 

Number of Vines, % 
Cl R5 Cabernet Sauvignon onto 

BxR Kober 5BB 
Cl R5 Cabernet Sauvignon onto 

RxR 101-14 
I group II group  I group II group  

CG 56.2 43.8 55.3 44.7 
EG 1 75.6 24.4 69.7 30.3 
EG 2 68.3 31.7 62.1 37.9 
EG 3 55.9 44.1 57.4 42.6 
EG 4 51.7 48.3 52.2 47.8 
EG 5 40.8 59.2 41.4 58.6 

Table �:  5.4. The Impact of Grafted Sapling Quality on the Development of Productivity 
Elements in Young Vines. Fourth Year of Planting. SC «Tomai-Vinex» SA, 2008. 

 Variants 

No. of Shoots, pcs./vine 
Fruiting  

Shoots, % 

No. of 
Flower 

Clusters, 
pcs./vine 

Coefficients 

total with flower 
clusters 

K 1 K 2 

Cl R5 Cabernet Sauvignon onto BxR Kober 5BB 
CG 31.2 6.0 25.2 80.8 43.2 1.4 
EG 1 35.2 9.0 26.2 74.4 42.4 1.2 
EG 2 34.8 4.0 30.8 88.5 50.0 1.4 
EG 3 36.2 8.4 27.8 76.8 44.6 1.2 
EG 4 27.6 6.4 21.2 76.8 36.0 1.3 
EG 5 28.6 6.8 21.8 76.2 33.2 1.2 

Cl R5 Cabernet Sauvignon onto RxR 101-14 
CG 34.0 7.2 26.8 78.7 40.9 1.2 
EG 1 35.8 8.2 27.6 77.1 43.2 1.2 
EG 2 38.6 10.8 27.8 72.0 43.2 1.1 
EG 3 34.4 6.4 28.0 81.4 45.6 1.3 
EG 4 33.8 5.4 28.4 84.0 39.4 1.2 
EG 5 27.4 5.4 22.0 80.3 33.2 1.2 

K1 �± fruiting coefficient 
K2 �± fruitfulness coefficient 
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Appendix 6 

Growth and Productivity of Fruiting Vineyards  

 
CG 

 
EG I 

 
EG II  

 
EG III  

 
EG IV 

 
EG V 

 

Figure A 6.1. Relationship Between Shoot Leaf Surface Area and its Productivity. Clone R5 
Cabernet Sauvignon onto BxR Kober 5BB. SC "Tomai-Vinex" SA. 
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CG 

 
EG I 

 
EG II  

 
EG III  

 
EG IV 

 
EG V 

 

Figure A 6.2. Relationship Between Shoot Leaf Surface Area and its Productivity. 
Clone R5 Cabernet Sauvignon onto RxR 101-14. SC "Tomai-Vinex" SA. 
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Appendix 7 

Reconstruction of Vineyards in SC «Tomai-Vinex» SA 

Table A 7.1. Changes in Leaf Growth Parameters in the First Year of Reconstruction. 
SC «Tomai-Vinex» SA, 2013. 

Clone Recon. 
Morphological Leaf Parameters, cm 

Length, cm Width, cm �7�K�L�F�N�Q�H�V�V�������P 

Fruit set 

Cl R5 before 8.35±0.21 11.25±0.33 139.5±3.37 
after 9.31±0.24 12.44±0.22 142.2±2.47 

Cl 348 
before 8.96±0.19 12.35±0.31 139.5±2.72 
after 10.50±0.25 13.9±0.27 150.5±2.23 

Maturity 

Cl R5 before 9.15±0.18 12.6±0.28 150.3±3.05 
after 9.79±0.18 13.6±0.27 153.8±2.09 

Cl 348 before 9.72±0.21 12.4±0.24 140.0±1.71 
after 12.8±0.25 17.0±0.31 152.0±1.91 

Table A 7.2. Monitoring the Shoot Productivity of Grapevine Clones. 
SC «Tomai-Vinex» SA. 

Years of Research 
Shoot Productivity 

Cl R5 Cl 348 Mean 
2015 124.2±3.5 e 178.5±4.4 bc 151.3±6.8 B 
2016 154.5±3.2 d 222.0±2.6 a 188.2±8.0 A 
2017 160.8±3.4 cd 230.7±4.6 a 195.7±8.5 A 
2018 154.4±2.4 d 222.2±4.2 a 188.3±8.1 A 
2019 120.6±3.3 ef 173.1±2.0 b 146.9±6.3 B 
2020 68.7±2.5 h 98.7±2.2 g 83.7±3.8 D 
2021 106.5±3.4 fg 153.1±2.9 d 129.8±5.8 C 
Mean 127.1±3.8 B 182.6±5.4 A 154.8±4.1 
ANOVA        
F Clone 1105.0***     

F Year 336.3***     

F Clone*Year 9.6***      
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Appendix 8 
Acts of Implementation 

Figure. A 8.1. Acts of Implementation of Scientfic Research Results in the Production of 
Grafted Grapevine Saplings.



 

257 
 

 
Figure. A 8.2. Act of Implementation of Scientific Research Results in the Planting Grafted 
Vine Saplings Obtained from Different Quality Rootstock Material in Permanent Location 




































































































































