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Response of vine rootstocks to the content of Ca and Mg in nutrient solutions

V. Valcheva*, K. Trendafilov

Department of Agriculture and Soil Science, Faculty of Agronomy, Agricultural University, 12 Mendeleev, 4000 Plovdiv, Bulgaria

Abstract. We examined the reaction of vine rootstocks based on hybrids of Vitis riparia, Vitis rupestris and Vitis berlandieri, to deficiency and excess of Ca and 
Mg in nutrient solutions in hydroponics cultivation in order to investigate their resistance to different levels of the two elements in calcareous and acid soils. It 
was found that the investigated rootstocks respond to imbalance of Ca and Mg. The reaction occurs on the biometric characteristics of plants – height, weight, 
dry matter content and on the composition – content of Ca, Mg, Fe and Mn in plants. We tested hybridized rootstocks SO4 (Berlandieri X Riparia selection 
Oppenheim 4), Fercal, (Riparia X Rupestris) Couderc 3.309 and Gravesac, which are widely used in practice. Relatively less development and lower sensitivity 
to the studied conditions was established for rootstocks Couderc 3,309 and Gravesac. They also react with slight change of their chemical composition under 
conditions of deficiency and excess of Ca and Mg. It was established that, high levels of calcium in plant biomass inhibit absorption of magnesium, and the 
dependence is particularly pronounced for rootstock Fercal. For rootstocks SO4 and Fercal well expressed influence of medium unbalanced with calcium on 
the content of iron and manganese in plants was observed.

Keywords: vine rootstocks, calcium, magnesium, nutrient solutions
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set in different concentrations of ions in the artificial medium.Introduction

Material and methodsSoil acidity usually occurs simultaneously with more or less 
pronounced deficiency of calcium or magnesium, or of both 
elements in exchangeable form in the soil. Calcium is the main Vegetation experiment is set with plants produced by in vitro 
antagonist of the exchangeable forms of aluminum and hydrogen propagation from rootstocks – SO4, Fercal, Couderc 3.309 and 
and of most metal ions in the soil sorption complex. In strongly acid Gravesac. Plants are grown in artificial medium enriched with 
and low buffered soils, it can be insufficient for plants. This is defined hormones and then transferred to a hormone free medium for 
by the important physiologo-biochemical functions of Ca, related rooting. For adapting to normal conditions, rooted plants were 

3mainly with the process of photosynthesis, regulation of the state transferred to containers with volume 200cm , in which chemically 
and selective permeability of plasma membranes, buffer and inert volcanic perlite was added.
neutralization reactions of the cytoplasm, etc. (Kadrev and Peev, For 10 days plants are grown under optimal humidity and 
1980). A deficiency of calcium as a plant nutrient is confirmed most watered with distilled water to avoid the influence of composition of 
often in highly calcium requiring crops which are grown in soils that the initial nutrient media that are used during in vitro cultivation. 
are genetically poor in this element. (Peterburgskii, 1959; Simultaneously, washing aimed to induce moderate mineral 
Vozbudskaq, 1964; Ritchey et al., 1992). The absence of Ca in the starvation, which will ensure maximum efficiency of the uptake of 
medium strongly depressed plant growth, but the artificial saturation ions from the experimental nutrition solutions during the pot 
with it does not lead to depression (Vozbudskaq, 1964). experiment. Solutions by which plants were influenced are based on 

Metabolized in plant cells or in the soil, calcium acts as a buffer the standard solution for hydroponic cultures of Hoagland (Hoagland 
to the acidity of the medium. Acid soil reaction is responsible for and Arnon, 1938). The composition of the initial solutions in different 
reducing the uptake of potassium, calcium and phosphorus from the variants and in controls is given in Table 1. In the control variants the 
roots, and due to that, the amount of assimilated aluminium in root original composition of the solution is used, while in the other 
mass increases (Kadrev and Peev, 1980; Terence et al., 2002; variants there are two degrees of deficit and one of excess of Ca and 
Himelrick, 1991). Mg.

The impact of soil acidity on the varieties of Vitis vinifera in After the period of growing, plants were removed from the 
cultivation of grafted and rooted vines is mediated once by the nutritional medium, washed with distilled water and subjected to 
interaction between root of the rootstock and soil and secondly by biometric measurements for determining the number of leaves, 
the interaction between rootstock and vine culture (Kaserer et al., height of plant (aboveground part) and the mass of the aboveground 
1996). Sanjun Gu (2010) summarizes 19 basic types of interactions part and of root system. Plants were dried at 45°C and again their 
between these three elements in the system soil-rootstock-vine that weight is defined. Air-dry plant matter was analyzed for determining 
affect the quantity and quality of the final product, but it should be the content of calcium, magnesium, by dry ashing in the presence of 
borne in mind that each of them is a complex indicator and in turn HCl and the concentration of the elements was determined by AAS 
depends on the specific environmental conditions. (BDS EN 14082/03).

The aim of this study is to follow the growth and development of 
different rootstocks grown in the same environmental conditions, but 

* e-mail: violeta8@mail.bg
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Figure 1. Variants in vegetation experiment with vine rootstocks, (Control; Variant 1-Ca, level 1; Variant 2-Ca, level 2;
Variant 3-Mg, level 1; Variant 4-Mg level 2; Variant 5-Ca+Mg, level 1; Variant 6-Ca+Mg, level 2
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different soil conditions.Results and discussion

Comparative characterization of variants from the vegetation The scheme of the vegetation experiment suggests that optimal 
experiment in respect of biometric parametersconditions for development of vine rootstocks are set in the control 

In summarized form, Figure 1 shows that the rootstocks put variants where plants are grown in balanced in terms of 
under the conditions of artificial medium developed differently, not concentration of ions nutrition medium. For all other variants excess 
only in the control variants but also in variants in which Ca and Mg, or deficiency of Ca and Mg is set – both for the two elements and in 
are both in deficit and in excess. Differences between control combination.
variants are statistically proven for all biometric parameters except Based on the developed variants comparative characterization 
number of developed leaves and the relatively best start of the four tested rootstocks was made – SO4, Fercal, Couderc 
development showed Fercal, immediately followed by rootstock 3.309 and Gravesac in respect of some biometric parameters – plant 
SO4. In respect of their composition, the studied rootstocks in the height, number of developed leaves, fresh and air-dried weight and 
control variants did not show significant differences between some elements constituting the aboveground part of plants – Ca and 
themselves. This indicates that the chemical composition or at least Mg, as the rootstocks are selected so that they can be adapted to 

Table 1. Content of initial nutrient solutions based on standard solution of Hoagland

Components

2m KNO3

2m Ca(NO )  x 4H O3 2 2

Fe (Fe chelate)

2m MgSO  x 7H O4 2

1m NH NO4 3

H BO3 3

MnCl2 x 4H O2

ZnSO  x 7H O4 2

CuSO4

H MoO  x H O3 4 2

1m KH PO2 4
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Figure 2. Changes in the number of developed leaves in variants
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Figure 3. Height of vine rootstocks in terms of vegetation experiment
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the contents of analyzed elements is relatively constant, probably variants of the experience is statistically proven. Rootstocks 
largely genotypically determined value. On this basis, the impact on Couderc 3.309 and Gravesac show a sharp and statistically proven 
plants by artificially induced imbalance in the concentration of ions in decrease in the number of leaves (Variant 2), characterized by a 
the nutrient solution should be considered as a factor that depresses strong deficit of Mg and excess of Ca. The low values of Mg, 
normal development in variants in which it is in excess or in deficit however, did not depress them to such an extent, even at incomplete 
compared to a balanced medium. overcoming of calcium deficiency (Variant 3).

The influence of the nutrition solutions on the biometric 
parameters of the four tested rootstocks was studied with respect to: Height of plants. The data for changes of plant height in different 

variants of the experiment are shown in Figure 3. From the 
Number of developed leaves. In Figure 2 are shown, rounded to presented results it can be seen that the imbalance of ion 

integer, the average number of leaves at different rootstocks concentrations causes different reactions, and in terms of the "height 
distributed by the variants of experiment. It is clear that rootstocks of the plant" the tested rootstocks can be divided into two groups. 
SO4 and Fercal react with the largest number of leaves in a balanced The first of them combines SO4 and Fercal, while the other - 
medium of control variants, the difference between them and other Couderc 3.309 and Gravesac. In the first group, the imbalanced 

Number 
of leaves



0.60

0.70

0.80

W
ei

gh
ts

 o
f d

ry
 p

la
nt

s 
[g

]

0.50

0.40

0.30

0.20

0.10

0.00

0.
28

0.
78

0.
15

0.
29

0.
37 0.

41
0.

29

0.
68

0.
13

0.
39

0.
18

0.
39

0.
34

0.
20

0.
38

0.
34

0.
30

0.
22

0.
28 0.

32
0.

26 0.
28

0.
36

0.
30

0.
39

0.
36

0.
51

0.
46

SO4 Fercall Couderc 3.309 Gravesac

Figure 5. Weight of vine rootstocks (air-dried) in terms of vegetation experiment
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Figure 4. Weight of vine rootstocks (fresh plants) in terms of vegetation experiment 
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nutrition medium causes a depression of growth of rootstocks, while strongly marked excess in the control variants of SO4 and Fercal, 
in the second this does not occur. For rootstocks from the first group expressed both to other variants of these rootstocks and to control 
plant height is equalized with the controls in the variants with an variants of the other two tested rootstocks. SO4 and Fercal react 
excess of Ca. For SO4, however, this occurs in conditions of excess more strongly to the imbalance of nutrient solution in comparison 
of Mg, while for Fercal this is achieved in strong deficiency of this with the other two rootstocks. Resistant to acidity and calcium 
element. deficiency Gravesac reacts positively in comparison with control to 

Plant weight. Changes in weight of fresh plants in the variants of Ca deficiency, but appears to be quite tolerant to excess of Ca and 
trial are presented in Figure 4 and the weight of the air-dried plants in Mg.
Figure 5. Regarding the “weight” parameter, impressive is the 
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Comparative characterization of variants from the vegetation excess of Mg in nutrient solutions causes depression in the 
experiment in respect to assimilation of Ca and Mg from the nutrient absorption of Mg, most pronounced in Couderc 3.309. Rootstock 
solution SO4 does not respond to high magnesium levels, and for Gravesac 

Assimilation of Ca and Mg. In terms of the experiment, the slight depressive trend is registered in the absorption of the element 
elements Ca and Mg with their concentrations in the nutrient solution (Garcia et al., 2001).
are factors of impact not only on the biological reactions of the plant, Figure 7 graphically presents the correlation between the two 
but also on its composition. We tested the effects of the two levels of elements in plant biomass. It is known that calcium and magnesium 
deficit and one level of excess of Ca and Mg, in combination of both are synergetics in the soil but they are antagonists in plant. A 
elements on the plant composition. The graphics of Figure 6 shows statistically proven regression model, characterizing inversely 
the mean values and confidence intervals of variation of Ca and Mg proportional relationship between the content of Ca and Mg in plant 
assimilated by plants in the different variants of the vegetation biomass, in terms of our experience was found only for the rootstock 
experiment. The results showed that all tested rootstocks are Fercal. The evaluation of the results from the other three rootstocks 
susceptible to changes in the calcium level in nutrient solutions. indicates that they also tend to an inversely proportional relationship 
They react with reduced amount of absorbed Ca in conditions of between the content of either element in the mass of plants, but not 
heavy deficiency of the element in the medium (variants 3 and 4). pronounced to such extent as to formulate a model. For SO4 and 
This reaction is highly expressed for SO4, Fercal and Couderc 3,309 Gravesac this is due to the high excessive values of Mg, and for 
and relatively low – for Gravesac, characterized by resistance to Couderc 3.309 – due to the insignificant trend of dependence.
acidity and base deficit in soil. However, the increase in Ca rate 
causes different reaction. For rootstocks SO4, Couderc 3.309 and 
Gravesac an increase in Ca level in the solution, over the optimal, 

Conclusionleads to consequential increase in Ca assimilated by plants. For 
rootstock Fercal there is an opposite trend – the increase of Ca over 

Selected for acid soil conditions rootstock Gravesac is resistant the optimal rate causes reduced intake of this element in the plant.
to moderate and high deficiency of Ca in the medium, but overcomes Some of the trends are valid also for the Mg. Thus, in variants 
it much better at close to optimal or low deficiency levels of with mould strong magnesium deficiency, its absorption is reduced, 
magnesium. Resistant to high levels of active Ca and total CaCO  in regardless of concomitant calcium level in solution (Variants 1 and 3

soil rootstock Fercal reacts with very inhibited growth to both high 2). In the variants with limited magnesium deficiency (variants 3 and 
and low calcium concentrations in conditions of artificial medium.4) equalization of the intensity of assimilation of the element from 

Differences between the rate of absorption of calcium and plants is seen, to a degree identical with that of optimal magnesium 
magnesium by rootstocks in terms of deficit or excess of these levels in control, while for the rootstock SO4 – even higher. The 
elements are relatively less pronounced than the differences in their 
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Figure 6. Content of Ca and Mg in vegetative biomass of vine rootstocks in different variants of the vegetation experiment
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growth behaviour. In conditions of moderate deficiency of Ca in the Hoagland DR and Arnon DI, 1938. The water culture method for 
medium, rootstocks exhibit high affinity to absorption of calcium. growing plants without soil, Univ. of California, Berkley. Agr. Expt. 
There is a tendency for antagonism in absorption of Ca and Mg. It is Sta. Circ. 347, 1-39.
most obvious for Fercal and SO4. Possibly that trend is due to their Кadreev Т and Peev H, 1980. Agrochemical and physiological 
mutual parent Vitis Berlandieri. bases of the quality of crop production, Sofia (Bg).

Kaserer H, Blahous D and Brandes W, 1996. Optimizing wine 
grape quality by considering rootstock-scion interaction, Acta 
Horticulturae, (ISHS) 427, 267-276.
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followed by the family names. The 
complete address and name of the 
institution should be stated next. The 
affiliation of authors are designated by 
different signs. For the author who is going 
to be corresponding by the editorial board 
and readers, an E-mail address and 
telephone number should be presented as 
footnote on the first page. Corresponding 
author is indicated with *.
  
Abstract should be not more than 350 
words. It should be clearly stated what new 
findings have been made in the course of 
research. Abbreviations and references to 
authors are inadmissible in the summary. It 
should be understandable without having 
read the paper and should be in one 
paragraph. 
Keywords: Up to maximum of 5 keywords  
should be selected not repeating the title 
but giving the essence of study. 
The introduction must answer the 
following questions: What is known and 
what is new on the studied issue? What 
necessitated the research problem, 
described in the paper? What is your 
hypothesis and goal ?
Material and methods: The objects of 
research, organization of experiments, 
chemical analyses, statistical and other 
methods and conditions applied for the 
experiments should be described in detail. 
A criterion of sufficient information is to be 

 

possible for others to repeat the experi-
ment in order to verify results.
Results are presented in understandable 
tables and figures, accompanied by the 
statistical parameters needed for the 
evaluation. Data from tables and figures 
should not be repeated in the text.
Tables should be as simple and as few as 
possible. Each table should have its own 
explanatory title and to be typed on a 
separate page. They should be outside the 
main body of the text and an indication 
should be given where it should be 
inserted.
Figures should be sharp with good 
contrast and rendition. Graphic materials 
should be preferred. Photographs to be 
appropriate for printing. Illustrations are 
supplied in colour as an exception after 
special agreement with the editorial board 
and possible payment of extra costs. The 
figures are to be each in a single file and 
their location should be given within the 
text.  
Discussion: The objective of this section 
is to indicate the scientific significance of 
the study. By comparing the results and 
conclusions of other scientists the 
contribution of the study for expanding or 
modifying existing knowledge is pointed 
out clearly and convincingly to the reader.
Conclusion: The most important conse-   
quences for the science and practice 
resulting from the conducted research 
should be summarized in a few sentences. 
The conclusions shouldn't be numbered 
and no new paragraphs be used. 
Contributions are the core of conclusions. 
References:
In the text, references should be cited as 
follows: single author: Sandberg (2002); 
two authors: Andersson and Georges 
(2004); more than two authors: Andersson 
et al.(2003). When several references are 
cited simultaneously, they should be 
ranked by chronological order e.g.: 
(Sandberg, 2002; Andersson et al., 2003; 
Andersson and Georges, 2004).
References are arranged alphabetically by 
the name of the first author. If an author is 
cited more than once, first his individual 
publications are given ranked by year, then 
come publications with one co-author, two 
co-authors, etc. The names of authors, 
article and journal titles in the Cyrillic or 
alphabet different from Latin, should be 
transliterated into Latin and article titles 
should be translated into English. 
The original language of articles and books 
translated into English is indicated in 

parenthesis after the bibliographic 
reference (Bulgarian = Bg, Russian = Ru, 
Serbian = Sr, if in the Cyrillic, Mongolian = 
Мо, Greek = Gr, Georgian = Geor., 
Japanese = Jа, Chinese = Ch, Arabic = Аr, 
etc.)
The following order in the reference list is 
recommended:
Journal articles: Author(s) surname and 
initials, year. Title. Full title of the journal, 
volume, pages. Example:
Simm G, Lewis RM, Grundy B and 
Dingwall WS, 2002. Responses to 
selection for lean growth in sheep. Animal 
Science, 74, 39-50
Books: Author(s) surname and initials, 
year. Title. Edition, name of publisher, 
place of publication. Example: 
Oldenbroek JK, 1999. Genebanks and 
the conservation of farm animal genetic 
resources, Second edition. DLO Institute 
for  Animal  Science and Heal th,  
Netherlands.
Book chapter or conference proceedings: 
Author(s) surname and initials, year. Title. 
In: Title of the book or of the proceedings 
followed by the editor(s), volume, pages. 
Name of publisher, place of publication. 
Example: 
Mauff G, Pulverer G, Operkuch W, 
Hummel K and Hidden C, 1995. C3-
variants and diverse phenotypes of 
unconverted and converted C3. In: 
Provides of the Biological Fluids (ed. H. 
Peters), vol. 22, 143-165, Pergamon 
Press. Oxford, UK.
Todorov N and Mitev J, 1995. Effect of 
level of feeding during dry period, and body 
condition score on reproductive perfor-

thmance in dairy cows,IX  International 
Conference on Production Diseases in 
Farm Animals, Sept.11 – 14, Berlin, 
Germany, p. 302 (Abstr.).
Thesis:
Penkov D, 2008. Estimation of metabolic 
energy and true digestibility of amino acids 
of some feeds in experiments with muscus 
duck (Carina moshata, L). Thesis for DSc. 
Agrarian University, Plovdiv, 314 pp.
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