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SUMMARY
In the field of fruit plant production, a number of intensive methods have been
developed, aimed at improving quality, increasing production, reducing production costs
and removing production from the negative influence of natural environmental factors. The
growing demand for competitive fruit planting material on the domestic and European
market has led us to approach modern technologies for the production of fruit planting
material, which is also the topic of this doctoral thesis.
The experiences underlying the doctoral thesis, "Research on the modernization of
the production of fruit-growing planting material by alternative techniques", were
organized in 2018-2021, within the field of fruit planting material production from Banu
Mărăcine Research Station, Craiova, at SCDP Vâlcea and in the solarium equipped with
artificial fog installation within ICDP Pitești-Mărăcineni. During the research, the influence
of grafting methods (after forcing and in the second field of the nursery) on the yield of
grafted trees on vegetative rootstocks, the influence of the intermediary on the grafting of
generative rootstocks, as well as the influence of rooting biostimulators on vegetative
rootstocks were studied.
As the expansion of the nursery sector in Romania is of particular importance, we
set out to study some physiological aspects of graft-rootstock interaction in different
grafting methods, in order to establish biological bases for optimizing technologies for
production of fruit planting material, which is the purpose of this doctoral thesis.
The paper contains 119 pages and is structured in 6 chapters to which are added the
introduction, bibliography and abstract in Romanian and English languages. In the thesis,
212 bibliographic sources were consulted, including books, scientific papers and websites.
The processed data was organized in 23 tables, 22 figures, 46 original photos.
Part I (Current state of research) comprises a chapter entitled “Current state of
knowledge in the subject area” and structured in three subchapters. The first
subchapter provides information on current state of research on biological bases and
technologies used to obtain grafted trees, the second subchapter provides information on
the importance of the intermediary in the fruit biosystem and the third subchapter deals

XV

ZANFIR VALERIU

with the current state of biostimulator research on the rooting of woody cuttings of
vegetative rootstocks.
Part II (Personal Contributions) begins with the motivation of the research and
the proposed purpose, for the realization of which the objectives of the research that are
described in Chapter 2 have been outlined.
Achieving world-class production in terms of both quality and productivity requires
the discovery and promotion of appropriate technologies as a result of combining research
and production. The main determinant of performance in the fruit sector is the use of a
valuable planting material from a biological point of view, respectively free of viruses, with
specific characteristics of the variety kept faithfully, with increased resistance to diseases
and pests, produced at the lowest possible price.
In the field of fruit plant production, a number of intensive methods have been
developed, aimed at improving quality, increasing production, reducing production costs
and removing production from the negative influence of natural environmental factors. The
growing demand for competitive fruit and vegetable material on the domestic and
European market has led us to approach modern technologies for the production of fruit
planting material.
As the expansion of the nursery sector in Romania is of particular importance, we
set out to study some physiological aspects of graft-rootstock interaction in different
grafting methods, in order to establish biological bases for optimizing technologies for the
production of fruit planting material, which is the purpose of this doctoral thesis.
The creation of a modern orchard, capable of capitalizing on and harmoniously
combining the productivity of the land with the climatic conditions and highlighting the
biological peculiarities of the fruit plants must be a permanent concern of fruit growers. In
order to meet the current requirements of fruit growing, tree cultivation must acquire a
pronounced intensifying character and among the factors that condition this process are
the rootstock and the success of the grafting process, in order to obtain a high quality fruit
planting material.
Starting from the premise that with the change of grafting methods the effect of
rootstock on the graft characteristics intensifies, starting from the fact that the
intermediary exerts a beneficial influence on the characteristics of the grafted tree and
from the fact that rooting biostimulators influence the development of the root system, we
set ourselves the following objectives :
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Objective 1. Evaluation of the technology for the production of fruit planting
material using different grafting methods on vegetative rootstocks;
Objective 2. Evaluation of the success of the grafting process of generative
rootstocks with intermediary and its influence on the fruit biosystem;
Objective 3. Evaluation of the influence of rooting biostimulators on vegetative
rootstocks.
The third chapter analyzes the particularities of the natural environment in which
the experimentation took place. The experiences were located at the Didactic Station, Banu
Mărăcine and at the S.C.D.P. Vâlcea, research units belonging to the University of Craiova,
and the climatic factors analyzed were temperature, precipitation and atmospheric
humidity.
The fourth chapter provides information on biological material and research
methods. The biological material used is represented by woody cuttings from vegetative
rootstocks ('Fortival', 'Miroval', 'Plamval') and generative rootstocks of cherry plum and
wild apricot (local selections), and the intermediary used for grafting graft branches from
plum varieties 'Andreea'and 'Tuleu gras' was the vegetative rootstock 'Plamval' (20 cm). In
the experiments, grafts were made at the table and in the first field of the nursery, using
two grafting methods: chip budding and grafting in improved copulation, and the methods
of performing the experiments are closely related to the research objectives. .
The experience of obtaining grafted plum trees using different grafting methods on
vegetative rootstocks is a multifactorial experiment (3x2x2 = 12 variants), placed linearly
on uniform ground, with the following factors:
Factor A- vegetative rootstock, with graduations:
a1 – 'Miroval';
a2 – 'Plamval';
a3 – 'Fortival';
Factor B – variety
b1 – 'Andreea';
b2 – 'Tuleu gras';
Factor C – grafting method
c1- chip budding;
c2 – improved copulation;
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The experience regarding the grafting of generative rootstocks with intermediary is
a three-factorial experience of the 3x2x4 type, with the experimental variants placed in
randomized blocks, linearly, on uniform ground. The factors are as follows:
Factor A – generative rootstock, with graduations:
a1 – cherry plum;
a2 – wild apricot;
a3 – 'Adaptabil'.
Factor B – variety, with graduations:
b1 - 'Andreea';
b2 – 'Tuleu gras'.
Factor C – grafting method, with graduations:
c1 –rootstock/intermediary – improved copulation;
c2 – intermediary/variety – chip budding;
c3 – variety/rootstock – chip budding;
c4 –variety/rootstock – improved copulation.
For the experience of obtaining grafted trees using vegetative rootstocks, using
rooting biostimulators were used woody cuttings from vegetative rootstocks ('Fortival',
'Miroval', 'Plamval'), grafting branches from varieties ('Andreea' and 'Tuleu gras'), table
grafting technology, applying the following grafting methods (chip budding and improved
copulation) and three rooting biostimulators: Radistim no. 2, IBA, ANA.
Microsoft Excel and XLSTAT Pearson Edition version 2014.5.03, Addinsoft and R
Core Team (2013) were used for statistical analysis. The relationships between the
analyzed planting material characteristics were investigated using correlations.
The fifth chapter presents the results of the research according to the established
objectives and in the sixth chapter, the conclusions that outline the results obtained.
Objective 1. Evaluation of the technology for the production of fruit planting
material using different grafting methods on vegetative rootstocks.
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RESULTS FOR OBTAINING GRAFTED TREES USING DIFFERENT METHODS OF
GRAFTING ON VEGETATIVE ROOTSTOCKS
In order to obtain the grafted trees using different grafting methods (conventional
method, respectively rooted cuttings, grafted and planted in field I and grafted cuttings,
rooted and later planted in field I on vegetative rootstocks were used rootstocks 'Plamval',
'Fortival 'and 'Miroval', two plum varieties: 'Andreea' and 'Tuleu gras' and two grafting
methods, chip budding and improved copulation.
The obtained results showed that the percentage of graft callus was high, depending
on the rootstock, variety and used grafting method, but the percentage of rooting was very
small and the percentage of viable biological material at the end of the vegetation period in
field I of the nursery, was 0% when grafted and rooted at the same time, which confirmed
the data in the literature that the nutrients are allocated differently for shoots and roots to
optimize the efficiency of their use, the plants having a high capacity to modulate and the
allocation of nutrients and the relative activities of different metabolic pathways for
biomass production in both shoots and roots vary.
The highest percentage of graft attachment (100%) was obtained with the rootstock
'Miroval', grafted in improved copulation with the variety 'Andreea', but the percentage of
attachment of this variety on this rootstock was high (95%) also using chip budding
method. The highest percentage of graft attachment to the 'Tuleu gras' variety (95%) was
obtained using the 'Fortival' rootstock and the improved copulation grafting method. The
lowest percentage of graft attachment (75%) was obtained when using chip budding of the
'Tuleu gras' variety on the 'Plamval' rootstock. It can also be seen that the best results are
obtained with the variety 'Andreea', with the rootstock 'Miroval' and using the improved
copulation grafting method.
Experiencing the conventional grafting method, respectively using for grafting the
varieties 'Andreea' and 'Tuleu gras', in improved copulation and chip budding, rooted
cuttings from rootstocks 'Miroval', 'Plamval' and 'Fortival', results obtained on the
percentage of grafting, the percentage of rooting and the percentage of viable biological
material at the end of the vegetation period in field I of the nursery were much better.
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Analyzing the results obtained regarding the percentage of grafting, the percentage
of rooting and the percentage of viable biological material at the end of the vegetation
period in field I of the nursery, the following were found:
- the rooting percentage of cuttings from rootstocks 'Miroval', 'Plamval' and
'Fortival' was very good, over 80%, the highest (100%) being obtained for 'Miroval'
cuttings;
-the percentage of graft attachment was also very good: the highest grip percentage
of the scion (95%) was obtained using the rootstock 'Miroval', the Andreea variety and the
improved copulation grafting method and the lowest grip percentage of the scion (87.5%)
was obtained at the rootstock 'Plamval', grafted in chip budding with the variety 'Andreea';
-regardless of the rootstock and the variety used, the best results regarding the
percentage of graft attachment were obtained with the method of grafting in improved
copulation;
- a large amount of biological material was viable at the end of the growing season
in field - I of the nursery, regardless of rootstock, variety and grafting method used, the
percentage of trapping of biological material in field I of the nursery being 100% in the case
of the rootstock 'Miroval' grafted in improved copulation with the 'Andreea' variety and of
94.44% in the case of the rootstock 'Miroval' grafted in chip budding with the 'Andreea'
variety, the lowest grip percentage of the biological material in field I of the nursery (
85.71%) being obtained for the chip budding grafting of the rootstock 'Plamval' with the
variety 'Tuleu gras';
- at the end of the vegetation period in field - I of the nursery the best results were
obtained with the rootstock 'Miroval', the variety 'Andreea' and the improved copulation
method of grafting.
Analyzing the growth and development of the biological material in the first field of
the nursery according to the rootstock and the grafting method of the varieties 'Andreea'
and 'Tuleu gras', for the variety 'Andreea' the following were found:
- grafted with the rootstock 'Miroval' gave the highest average value of the rootstock
diameter at 5 cm below the grafting point, both in improved copulation (10.4 mm) and in
chip budding (8.60 mm) and the smallest average values of this analyzed parameter were
obtained using the 'Plamval' rootstock, both in improved copulation (9.47 mm) and in chip
budding (7.77 mm); using the 'Fortival' rootstock, the average value of the rootstock
diameter at 5 cm below the grafting point was 9.90 mm in improved copulation and 7.73
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mm in chip budding; the coefficient of variation of the measured values for this parameter
is 10.04% and 11.77% for the rootstock 'Plamval' grafted with the variety 'Andreea' in
improved copulation, respectively in chip budding, of 9.05% and 10.19% at 'Fortival'
rootstock grafted with 'Andreea' variety in improved copulation, respectively in budding
form and of 11.09% and 8.80% for 'Miroval' rootstock grafted with 'Andreea' variety in
improved copulation, respectively in chip budding;
- the diameter at the grafting point (rootstock/scion) recorded the highest average
values for the 'Andreea' variety when grafted on the rootstock 'Plamval' both in improved
copulation (13.21 mm) and in chip budding (8.97 mm) and the smallest when grafted on
the 'Fortival' rootstock: 11.75 mm in improved copulation and 8.76 mm in chip budding;
the diameter at the grafting point (rootstock/scion) for the 'Andreea' variety grafted on the
rootstock 'Miroval' had an average value of 11.84 mm in improved copulation and 10.14
mm in chip budding; the lowest coefficient of variation for this characteristic of the grafted
biological material (9.21%) was obtained with the rootstock 'Miroval' grafted in improved
copulation with the variety 'Andreea', and the highest coefficient of variation (15.65%) was
obtained from the 'Fortival' rootstock grafted in improved copulation with the 'Andreea'
variety; it can be seen that the best results were obtained, depending on the rootstock,
when grafting the variety in improved copulation with the rootstock;
- the diameter of the variety 5 cm above the grafting point (mm) recorded the
highest average value (7.16 mm) and the lowest average value (6.41 mm) for this variety
grafted on the rootstock 'Plamval' in chip budding respectively improved copulation; for
this parameter the best results were obtained using chip budding, except for the rootstock
'Miroval', where the average value of the variety diameter at 5 cm above the grafting point
was 6.94 mm when it was grafted in improved copulation and 6.52 mm when it was grafted
in chip budding; the highest coefficient of variation calculated for this parameter (17.15%)
was obtained for the 'Miroval' rootstock grafted in chip budding with the 'Andreea' variety
and the lowest (7.68%) for the 'Fortival' rootstock grafted in improved copulation with the
'Andreea' variety;
-the height of the scion (variety) varied between 50 and 75 cm, with an average
value of 61.40 cm for the 'Andreea' variety grafted in improved copulation with the
rootstock 'Plamval' and between 45 and 68 cm with an average value of 55,90 cm for the
'Andreea' variety grafted in chip budding with the 'Plamval' rootstock; in the 'Fortival'
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rootstock this parameter varied between 51 and 77 cm, with an average value of 63.10 cm
for the improved copulation and between 50 and 65 cm with an average value of 57.5 cm
for chip budding grafting; in the rootstock 'Miroval' the height of the scion varied between
53 and 80 cm with an average value of 70.80 cm for grafting in improved copulation and
between 50 and 73 cm with an average value of 61.80 cm for grafting in chip budding; it
can be seen that the best results for this parameter were obtained at the rootstock 'Miroval'
and using the grafting in improved copulation, depending on the rootstock.
Analyzing the growth and development of biological material in field I of the nursery
according to rootstock and the method of grafting the varieties 'Andreea' and 'Tuleu gras',
for the variety 'Tuleu gras' the following were found:
- the diameter of the rootstock 5 cm below the grafting point (mm) varied between
8 and 10 mm, with an average value of 8,98 mm for this variety grafted in improved
copulation on the rootstock 'Plamval' and between 7 and 11 mm, with an average value of
8.21 mm for grafting the variety in chip budding on this rootstock; when grafting this
variety on the rootstock 'Fortival' in improved copulation, the diameter of the rootstock 5
cm below the grafting point varied between 8.80 and 12.70 mm, with an average value of
10.64 mm, and for chip budding grafting the limits of variation were between 7.2 and 10.9
mm, with an average value of 8.77 mm; in the case of the 'Miroval' rootstock, the variation
limits for the rootstock diameter at 5 cm below the grafting point were between 8.50 and
11.40 mm with an average value of 9.88 mm for improved copulation and between 7.50
and 12 mm, with an average value of 9.55 mm for chip budding; it can be seen that the best
results for this parameter were obtained with the improved copulation grafting method
and the 'Fortival' rootstock;
- the diameter at the rootstock/scion grafting point (mm) recorded the highest
average values when grafting the variety in improved copulation with the rootstock
'Fortival' (11.72 mm), 'Miroval' (11.49 mm), 'Plamval' (10.48 mm); when chip budding, the
average diameter at the rootstock/scion grafting point was 9.55 mm for the 'Miroval'
rootstock, 8.77 mm for the 'Fortival' and 8.21 mm for the 'Plamval' rootstock; the highest
values of the coefficient of variation for this parameter were obtained for chip budding
grafting, regardless of the type of rootstock: 15.45% for the 'Miroval' rootstock, 13.99% for
the 'Plamval' rootstock and 13.32 % to the 'Fortival' rootstock;
- the diameter of the variety at 5 cm above the grafting point (mm) varied between
4,50 and 6,70 mm, with an average value of 5,45 mm when grafting in improved copulation
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on the Plamval rootstock and between 6 and 9 mm, with an average value of 7.38 mm for
chip budding grafting on the Plamval rootstock; for the Fortival rootstock, the variation
limits of this parameter were between 4 and 6.40 mm, with an average value of 5.24 mm
for improved copulation grafting and between 5.40 and 9.10 mm, with an average value of
7.34 mm for chip budding grafting; in the rootstock 'Miroval' the diameter of the variety at
5 cm above the grafting point varied between 4.80 and 7.50 mm, with an average value of
6.22 when grafting in improved copulation and between 6 and 8.40 mm, with a average
value of 7.20 mm for chip budding grafting; it is noted that for this parameter, the best
results were obtained using chip budding grafting, regardless of rootstock, and the
rootstock with the best results is 'Fortival';
- the highest average value (66.20 cm) for the height of the scion (variety) in (cm)
was obtained for the rootstock 'Miroval' in improved copulation, and the lowest (42.21 cm)
for the rootstock 'Fortival' in improved copulation; the best results for this parameter in
the rootstocks 'Plamval' and 'Miroval' were obtained by the method of grafting in improved
copulation and for the rootstock 'Fortival' using chip budding grafting method.
Analyzing, as a whole, the results obtained on obtaining grafted trees using different
methods of grafting on vegetative rootstocks, it can be seen that the results are influenced
by the method of grafting, rootstock and the variety used. Good results on rooting
percentage, graft grip percentage and percentage of viable biological material at the end of
the vegetation period in field I of the nursery were obtained by the conventional method of
grafting on rooted cuttings, concomitant grafting and rooting causing the death of grafted
plants as nutrients have been allocated to scion grip, considerably decreasing the rooting
capacity. The best results regarding the growth and development of the biological material
in the first field of the nursery were obtained for the 'Andreea' variety grafted in improved
copulation on the rootstock 'Miroval'.
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RESULTS REGARDING THE GRAFTING OF GENERATIVE ROOTSTOCK WITH
INTERMEDIARY
Following the analysis of the results obtained, it was noted that grafting with an
intermediary has a decisive influence on reducing the vigor of growth in order to intensify
plum crops.
The wild apricot rootstock had a higher graft growth force than the cherry plum
rootstock in both grafting variants (with and without intermediary).
It was found that there are positive correlations between the three diameters (at the
grafting point, 5 cm below the grafting point and 5 cm above the grafting point) and the
scion height in all variants analyzed, both in the 'Andreea' variety and in the variety 'Tuleu
gras'.
Determinations of diameter values at both the grafting point and 5 cm above and 5
cm below the grafting point revealed that the 'Tuleu gras' variant grafted with the 'Plamval'
intermediary on the generative rootstock had much lower average values than the variant
of 'Tuleu gras' grafted without an intermediary on the generative rootstock, which shows
that the use of the intermediary 'Plamval' led to a decrease in diameter, implicitly vigor, so
the intermediary had a positive influence regarding the scion vigor of growing, imprinting
on it a small force of growth.
Comparing the two generative rootstocks used, cherry plum and wild apricot, it is
found that the cherry plum rootstock determined an average value of the diameter lower
than that determined by the vegetative wild apricot rootstock, both 5 cm above the grafting
point and 5 cm below the grafting point, which causes a lower force given by this
generative rootstock used for grafting.
The longest growth of the shoots was recorded for the variants with the generative
rootstock, with and without the 'Plamval' intermediary.
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RESULTS REGARDING THE OBTAINING OF GRAFTED TREES USING ROOTING
BIOSTIMULATORS IN VEGETATIVE ROOTSTOCKS
It was found that among the biostimulators applied to the cuttings of the rootstock
'Fortival', 'Miroval' and 'Plamval', Radistim no. 2 had a superior influence on the
development of the root system, compared to both the control and the other biostimulators
used, determining the highest percentage of rooting, the highest number of roots, the
highest average root length/cutting, the highest average length of the rooted segment and
the largest volume of roots.
The highest rooting capacity and the best development of the root system,
regardless of the applied biostimulator, recorded the rootstock 'Fortival', in which the
control, not chemically stimulated, had a higher rooting capacity compared to other
chemically stimulated cuttings, from the rootstock 'Miroval' and 'Plamval', regardless of the
applied biostimulator, which highlights the influence of the genotype on the rooting
capacity and the development of the root system.
The ANA biostimulator gave the lowest rooting percentage and the lowest number
of roots/cuttings in the rootstock 'Plamval', and the IBA biostimulator gave the lowest
rooting percentage and the lowest number of roots/cuttings in the rootstock 'Fortival' and
'Miroval'.
Also, the shortest average root length/cutting in the rootstock 'Fortival' was
obtained by applying the biostimulator ANA, and in the rootstock 'Plamval' and 'Miroval' by
applying the biostimulator IBA.
The IBA biostimulator gave the lowest average root/cutting segment length and the
lowest root volume at the 'Fortival' rootstock, while the ANA biostimulator gave the lowest
average values/cuttings of these characteristics at the 'Miroval' and 'Plamval' rootstocks.
Based on the results obtained, the following recommendations were established:
In order to obtain the fruit planting material, using vegetative rootstocks, the
'Andreea' variety grafted on 'Miroval' in improved copulation is recommended, because
from the determinations it resulted that 'Miroval' has a good rooting percentage and is
compatible for grafting with 'Andreea' variety.
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For the experience regarding the multiplication of some plum varieties using
generative rootstocks with intermediary, it is recommended to graft with intermediary the
plum varieties studied, to intensify the plum culture, because the intermediary used
reduces the vigor of growing the grafted tree and ensures a good compatibility of studied
plum varieties.
From the biometric determinations performed, it is recommended for rooting the
vegetative rootstocks, the biostimulator Radistim no. 2, because it had a good influence on
the percentage of rooting and higher on the development of the root system compared to
the other biostimulators used.
This doctoral thesis is based on 212 bibliographic titles, of which 4 original papers
were published in the topic of the thesis.
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