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Influence of mineral fertilization on the harmful soil acidity and chemical composition of wine 
grape varieties

V. Valcheva*, K. Trendafilov, S. Todorova

1Department of Soil Science and Agro Chemistry, Faculty of Agronomy, Agricultural University, 12 Mendeleev, 4000 Plovdiv, Bulgaria

Abstract. The influence of mineral fertilization with nitrogen, phosphorus and potassium on the indicators of harmful soil acidity and on the composition of plant 
biomass from vine varieties Sauvignon Blanc, Chardonnay, Cabernet Sauvignon and Merlot in fertility, planted on Chromic luvisol was evaluated. It was found 

+that long-term balanced mineral fertilization has a pronounced effect on neutralization of the exchangeable H . In relatively weak buffer capacity of soil sorption 
+complex in unsaturated soils, buffering capacity associated with the transformation of phosphates and activity of K  from fertilizers causes a decrease in 

equilibrium concentrations of exchangeable hydrogen. The influence of balanced fertilization of vines with nitrogen, phosphorus and potassium on the 
composition of air-dried foliage and fresh grapes in commercial ripeness was also studied. Mineral fertilization with primary nutrients causes an increase in 
nitrogen content in both leaves and grapes in all studied varieties. It does not lead to changes in content of phosphorus in the foliage and grapes, while 
potassium content increases only in leaves.

Keywords: fertilization, soil acidity, wine grape varieties
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Chardonnay, Cabernet Sauvignon and Merlot, planted on Chromic Introduction
luvisol characterized by a low base saturation and presence of acidic 
exchangeable positions throughout the whole depth of soil profile, Compared with other perennial crops vine consumes relatively 
within the limits of root layer in normal developed root system of vine.economical mineral forms of major nutrients in the soil and has well 

expressed adaptability to different levels of mineral nutrition (Enikov 
and Benevski, 1984). Some differentiation in terms of rate of 

Material and methodsnutrients absorption is established between the different varieties, 
cultivation directions, and variety-rootstock combinations (Shanin, 

The data interpreted in this study are a result of a field 1965). The levels of mineral nutrition of grape plant depend greatly 
experiment with fertilization of vines in fertility, planted on on composition and properties of soil and mainly from the presence 
unsaturated Chromic luvisol. The trial was set using the method of or absence of free carbonates in the root zone (Delas, 1992), while in 
long plots, and in the distribution of variants a control was included – non calcaric soils they depend also on the presence and degree of 
without fertilization and a variant with combined nitrogen, expression of soil acidity (Miroslav and Kastori, 2000). According to 
phosphorus and potassium fertilization in three replications.modern concepts about the nature of soil acidity, in mineral soils with 

The trial was carried out for three vegetations. At the beginning level of organic matter up to 5% it is determined by the content of 
of the trial the vineyard was not fertilized with mineral fertilizers. This available and extractable with 1m KCl ions of aluminium, 
gave us a reason to introduce phosphorus and potassium fertilizers manganese and hydrogen as the sum of exchangeable aluminium 
in initial build-up doses of 1000 kgP O /ha and 600 kgK O/ha, and hydrogen ions characterize exchangeable acidity in the soil 2 5 2

respectively (as concentrated superphosphate and potassium (Tote, 1977).
sulphate), and nitrogen - annually in a dose of 1400 kgN/ha as The phytotoxic effect of soil acidity depends not only on the level 
ammonium nitrate.of exchangeable aluminium and hydrogen ions, but also on the 

The vineyard is planted with row spacing of 2,20m and space content of bases which bond in the soil sorption complex with the 
between vines – 1,10m. The experiment is set after the end of the same strength. An integrating indicator – the degree of base 
third growing season. All varieties included in the study, were planted saturation, showing possible levels of acid phytotoxicity for most of 
on the rootstock Berlandieri X Riparia, selection Oppenheim 4 agricultural crops, allows more comprehensive assessment of 

2 (SO4). The area of each experimental plot is 24,2 m and between harmful levels of soil acidity. With some exceptions its 
the variants a guard is left with width of one row. Phosphorus and representation is not tested for vine culture and available data are 
potassium fertilizers were imported in the period May – June. After not enough to create a reliable model that guarantees a sufficient 
the application of fertilizers soil has been harrowed twice, ploughed degree of probability of its use as a criterion for the influence of soil 
at depth of 22-25 cm, again harrowed and sub-soiled at depth of acidity on growth and development of the vine.
50cm, in order to achieve the best possible homogenization of This work is an attempt to examine the impact of a balanced 
fertilizers with the soil in the active root zone. Soil and leaf samples mineral fertilization with nitrogen, phosphorus and potassium on the 
are taken thrice – during the autumn period, 15 months after the indicators of harmful soil acidity and on the composition of plant 
incorporation of fertilizers and at the end of each growing season, biomass of vines in fertility from varieties Sauvignon Blanc, 
during a period of 12 months. Samples of fresh grapes are taken in 

* e-mail: violeta8@mail.bg
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technological maturity. long-term balanced mineral fertilization has very slight neutralization 
The soil samples were taken from three layers at depth of 0-25, effect on soil acidity compared with traditionally used calcium 

25-50 and 50-75 cm, using a soil probe, as the volume of each soil containing meliorants. In the conducted field experiment we 
sample was composed of 5 single samples taken within the area of compare indicators of harmful soil acidity between the variants in 
each replication. Leaf samples were collected from healthy, with no which phosphorus and potassium fertilizers are applied in initial high 
visible damages leaf material, as we selected leaves with size typical rates and annual application of nitrogen and unfertilized (control) 
for the variety, grown from the main shoots. The vineyard is formed variants. 
as a bilateral cordon with a height of 80 cm. Vines in the experimental Application of initial build-up doses of fertilizers (stockpiling 
plots have relatively uniform habit and approximately equal number fertilization) is a widely used practice before planting vine varieties, 
of fruit-producing shoots. Soil samples were analyzed to establish regardless of the type and agrochemical characteristics of the soil. 
the pH, potentiometric in water and 1m KCl (Arinushkina, 1970); Because of the long period during which we will rely on stockpiling 

3+ + fertilization, the rates are determined empirically, and most often an easily mobile and exchangeable Al  and H , titrimetric by Sokolov 
2+ application of 1000 kgP O /ha and 600 kgK O/ha is recommended (1939), easily mobile exchangeable Mn , in extract with 1m KCl, as 2 5 2

the preparation of the extract was carried out under the Laboratory before the main tillage with or without turning of layers at a depth of 
system for liming of Palaveev and Totev (LSVPT-64) (Palaveev and 60 cm. 

2+Totev, 1970) and the determination of Mn  is by AAS (Ganev, 1990); Table 1 shows the changes in content of easily mobile 
2+ 2+ 3+ + 2+ 2+ 2+

easily mobile and exchangeable Ca  and Mg , complexometric, exchangeable Al , H , Mn , Ca , Mg  and the degree of saturation 
using the method of Mazaeva, Neugodova and Hovanskaya (BDS, of permanent sorption positions in soil with easily mobile 
1997). exchangeable bases V % as a result of the application of initial high 3

Samples of plant material were analyzed after Kjeldahl wet doses of 1000 kgP O /ha and 600 kgK O/ha before planting of wine 2 5 2

digestion method. Nitrogen is determined after alkaline distillation of grape varieties. The data in Table 1 show that stockpiling fertilization 
an aliquot by Parnas-Wagner apparatus; phosphorus – colorimetric did not cause statistically proven changes of main indicators 
by the vanadate-molybdate method, potassium – by flame characterizing harmful soil acidity and does not affect significantly 
photometer  (BDS, 1986). the degree of saturation of the permanent sorption surfaces in soil 

with easily mobile exchangeable bases. Some changes towards 
neutralization were found for pH, determined both in extract with 1m 
KCl, and in an aqueous extract of soil. From the literature it is known Results and discussion
that soil pH is an indicator with limited representativeness for the 
acid-base equilibrium in soil, depending mostly on the concentration According to a concept generally accepted in agrochemistry, 

3 2+ 2 2Table 1. Changes of easily mobile exchangeable Al , H , Mn , Ca , Mg  and the degree of saturation of permanent
sorption positions in the soil with exchangeable bases as a result of the application of initial build-up doses of 1000 kg P O2 5

and 600kg K O/ha before planting of wine vineyards2

+ + + +

Years after planting

Variant

Control - 

unfertilized

Depth (cm) Indicators of harmful soil acidity 1 2 3
Average for the

three years

25

50

75

pH(H O)2

pH(KCl)

Al+H (meq/100g soil)

Mn (meq/100g soil)

Ca²+Mg² (meq/100g soil)

Vз%

  5.29

  4.01

  1.56

  0.13

  5.6

76.5

  5.56

  4.26

  1.29

  0.12

  8.4

85.5

  5.71

  4.37

  1.43

  0.11

  7.4

82.0

  4.45

  3.44

  1.27

  0.13

  5.4

78.5

  4.50

  3.60

  1.27

  0.12

  5.5

79.2

  4.89

  3.80

  1.32

  0.12

  6.1

79.9

  4.39

  3.34

  1.23

  0.13

  6.1

81.0

  4.44

  3.49

  1.21

  0.12

  6.3

81.9

  4.79

  3.70

  1.24

  0.12

  6.9

82.8

  4.11

  3.16

  1.45

  0.10

  3.8

70.0

  4.19

  3.30

  1.43

  0.11

  3.9

71.2

  4.19

  3.30

  1.43

  0.11

  3.9

71.2

pH( )

pH(KCl)

Al+H (meq/100g soil)

Mn (meq/100g soil)

Ca²+Mg² (meq/100g soil)

Vз%

H O2

pH(H O)2

pH(KCl)

Al+H (meq/100g soil)

Mn (meq/100g soil)

Ca²+Mg² (meq/100g soil)

Vз%



Initial build-up

fertilization in

doses of 

1000kg P O2 5

and

600kg K O/ha2

25

50

75

pH(H O)2

pH(KCl)

Al+H (meq/100g soil)

Mn (meq/100g soil)

Ca²+Mg² (meq/100g soil)

Vз%

  5.41

  4.22

  1.34

  0.12

  7.5

82.7

  5.48

  4.22

  1.40

  0.12

  7.4

82.2

  5.42

  4.20

  1.45

  0.12

  7.0

81.1

  4.26

  3.32

  1.33

  0.13

  5.3

77.4

  4.30

  3.46

  1.32

  0.12

  5.3

78.0

  4.66

  3.66

  1.37

  0.12

  5.9

78.8

  4.39

  3.39

  1.26

  0.13

  5.6

78.6

  4.42

  3.53

  1.26

  0.13

  5.7

79.6

  4.76

  3.71

  1.31

  0.12

  6.2

80.2

  4.27

  3.31

  1.32

  0.10

  5.3

77.7

  4.31

  3.46

  1.29

  0.10

  5.5

78.8

  4.66

  3.66

  1.32

  0.11

  6.1

79.7

pH(H O)2

pH(KCl)

Al+H (meq/100g soil)

Mn (meq/100g soil)

Ca²+Mg² (meq/100g soil)

Vз%

pH(H O)2

pH(KCl)

Al+H (meq/100g soil)

Mn (meq/100g soil)

Ca²+Mg² (meq/100g soil)

Vз%
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of exchangeable hydrogen. In turn it has too ephemeral Table 2. The data indicate that more substantial reduction in the 
characteristics of acidity in mineral soils due to the ability of protons content of easily mobile exchangeable hydrogen is established only 
to migrate into inner sorption positions of clay minerals or to during the period just after the application of fertilizers and in the 
associate in organic mineral complexes. However, the data obtained horizon in which they are incorporated. During the subsequent years 
necessitated more thorough examination of the influence of the level of exchangeable hydrogen returns to the position 
stockpiling fertilization only on the changes in exchangeable determined by the factors defining the acid-base equilibrium in soil. 
hydrogen in soil. The results from determination of changes in easily This is an indication that the chemical nature and capacity of acid-

+ alkaline buffering systems are a factor which significantly defines mobile exchangeable H  after stockpiling fertilization with 
stability of acid-base equilibrium in soil, compared with the level of phosphorus and potassium fertilizers for three consecutive years, 
nutrition with phosphorus and potassium, regardless of the fact that determined in depth of 25, 50 and 75 cm in the soil are shown in 

+Table 2. Changes in easily mobile exchangeable H , as a result of the application of initial build-up doses of 1000kg P O2 5

and 600kg K O/ha before planting of wine vineyards2

Years after planting

Variant

Control -
unfertilized

Stockpiling
fertilization

Depth (cm) Indicators of harmful soil acidity 1 2 3
Average for the

three years

25

50

75

25

50

75

H [meq/100g soil]

σ[H]1

H [meq/100g soil]

σ[H]1

H [meq/100g soil]

σ[H]1

0.08

0.03

0.10

0.05

0.08

0.04

0.02

0.02

0.03

0.02

0.03

0.03

0.02

0.02

0.04

0.02

0.04

0.03

0.04

0.04

0.05

0.04

0.05

0.04

0.03

0.03

0.04

0.03

0.04

0.03

0.02

0.01

0.02

0.01

0.03

0.02

0.05

0.03

0.07

0.03

0.07

0.03

0.01

0.01

0.02

0.01

0.02

0.02

H [meq/100g soil]

σ[H]1

H [meq/100g soil]

σ[H]1

H [meq/100g soil]

σ[H]1

1 Average standard deviation
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both elements are used in very high doses. This is explained by the unfertilized variants. On average for the period of investigation these 
+ - + trends remained statistically unproven at significance level of 0.95.low buffering of the system SSC]H  ↔ SSC] +H , (SSC - soil sorption 

complex) in which minimal changes in the concentration of ions in 
+solution can reduce the amount of H  in exchangeable form. 

Probably, in unsaturated soil the buffering potential associated with Conclusion
+the transformation of phosphates and activity of K  from fertilizers, 

causes a reduction of the equilibrium concentrations of Application of initial build-up doses of phosphorus and 
+exchangeable H . As for the other elements we established less potassium has less pronounced neutralization effect on soil acidity, 

pronounced, but statistically unproven trends of decrease in content causing weak neutralization of soil sorption sites occupied by 
3+ 2+ exchangeable hydrogen.of Al  and Ca . On the other hand, an impact on the acid - alkaline 

Neutralization effect occurs in low buffered soils or less buffered soil equilibrium has only stockpiling with high doses of phosphorus 
zone of profile of acid and unsaturated texture differentiated soils. In and potassium fertilizers, while fertilization with nitrogen during the 
the presence of relatively weak buffering of soil sorption complex in experimental period did not affect indicators of soil acidity.
the unsaturated soils, the buffering potential associated with the In our research we also studied the effect of balanced 

+fertilization of vines with nitrogen, phosphorus and potassium on the transformation of phosphates and activity of K  from fertilizers, 
+chemical composition of air-dried leaves and fresh grape in causes a reduction of the equilibrium concentrations of H .

technological maturity. Table 3 shows the results of two consecutive Mineral fertilization with primary nutrients causes an increase in 
years of sampling of the vegetative mass. The sampling is done 15 nitrogen content in both leaves and grapes, which occurs 
months after the application of fertilizers (first year) and 27 months independently of the variety and the direction of cultivation. It does 
after their application (second year). The results from the first year of not lead to changes in content of phosphorus, while for potassium 
experiment show that mineral fertilization with primary nutrients increase is registered only in leaves.
causes a slight increase in nitrogen content in both leaves and 
grapes, average for the four tested varieties - Chardonnay, 
Sauvignon Blanc, Cabernet Sauvignon and Merlot. It does not References
change the content of phosphorus in the foliage and grapes, while 
excess of potassium is registered only in leaves. Arinushkina EV, 1970. Manuals of soil chemical analysis, M, 

Statistically proven differences between varieties have been Publish. Lomonosov Moscow State University (Ru).
established in respect to phosphorus content in the leaves. For red BDS 174407/97. Nature conservation, Soil, Method for determining 
varieties and Sauvignon Blanc more intensive utilization of of harmful acidity (Bg).
phosphorus from the leaves is registered, while Chardonnay BDS 11374/86. Combined forages, protein concentrates and raw 
assimilates an average 75% of phosphorus absorbed by the other materials for them. Rules for sampling and testing methods, S (Bg).
varieties. Delas J, 1992. La fertilization de la vigne. Edition Féret, Institut 

The results from the second year show some strengthening of National de la Recherche Agronomique (INRA), France.
the trends described above - higher levels of nitrogen, phosphorus Enikov K and Benevski M, 1984. Guide for fertilization, S (Bg) 
and potassium in leaves and fresh grapes in fertilized compared to Ganev S, 1990. Modern soil chemistry. S, (Bg).

Table 3 Content of nitrogen, phosphorus and potassium in air-dried leaves and fresh grape in technological maturity 

Grape (fresh)Leaves (air-dried)
Year

1

2

Chardonnay 

Sauvignon Blanc 

Cabernet Sauvignon 

Merlot

Variety Variant
N % P % K % N % P % K %

Chardonnay 

Sauvignon Blanc 

Cabernet Sauvignon 

Merlot

Control

N,P,K fertilization

Control

N,P,K fertilization

Control

N,P,K fertilization

Control

N,P,K fertilization

Control

N,P,K fertilization

Control

N,P,K fertilization

Control

N,P,K fertilization

Control

N,P,K fertilization

2.23

2.33

2.23

2.23

2.40

2.47

2.40

2.37

2.53

2.57

2.43

2.60

2.63

2.73

2.67

2.53

0.30

0.30

0.43

0.40

0.43

0.47

0.40

0.40

0.30

0.30

0.43

0.40

0.43

0.47

0.40

0.37

1.17

1.47

0.87

0.87

1.00

1.10

1.20

1.23

1.27

1.47

0.83

0.90

1.07

1.13

1.20

1.40

0.17

0.37

0.20

0.17

0.13

0.13

0.17

0.20

0.17

0.37

0.20

0.17

0.13

0.13

0.17

0.17

0.013

0.010

0.013

0.017

0.010

0.010

0.010

0.010

0.013

0.007

0.013

0.017

0.010

0.010

0.010

0.010

0.27

0.27

0.27

0.20

0.20

0.23

0.17

0.20

0.23

0.27

0.27

0.20

0.20

0.23

0.17

0.20
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Instruction for authors

Preparation of papers
Papers shall be submitted at the editorial 
office typed on standard typing pages (A4, 
30 lines per page, 62 characters per line). 
The editors recommend up to 15 pages for 
full research paper ( including abstract 
references, tables, figures and other 
appendices)

The manuscript should be structured as 
follows: Title, Names of authors and 
affiliation address, Abstract, List of 
keywords, Introduction, Material and  
methods,Results, Discussion, Conclusion, 
Acknowledgements (if any), References, 
Tables, Figures.
The title needs to be as concise and 
informative about the nature of research. It 
should be written with small letter /bold, 14/ 
without any abbreviations. 
 
Names and affiliation of authors
The names of the authors should be 
presented from the initials of first names 
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.

The Editorial Board of the Journal is not 
responsible for incorrect quotes of 
reference sources and the relevant 
violations of copyrights.
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