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Influence of liming with Ca(OH)  on the iron and manganese content in foliage of vine varieties2

K. Trendafilov*, V. Valcheva

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

Abstract. In conditions of combined field experiment the influence of liming with Ca(OH)  in rates of 1,0, 2,5 and 5,0 t/ha on the input of nitrogen, phosphorus 2

and potassium in the leaves of fertility vines from varieties Sauvignon Blanc, Chardonnay, Cabernet Sauvignon and Merlot, planted on Chromic luvisol was 
studied. Samples were collected in three consecutive years; the first sampling time is 15 months after the incorporation of lime into the soil and the second and 
third – at intervals of 12 months. The highest content of iron is absorbed by the Cabernet Sauvignon – the average for all variants for this variety exceeds by 
nearly 50% the iron adsorbed by Sauvignon Blanc and by 40% – by Merlot variety. The relationship between iron absorption and rate of applied lime appears 
relatively clear at high lime rates – 2,5 and 5,0 t/ha. For Merlot variety the opposite trend is found – liming increased iron content in foliage, and this tendency is 
stable and keeps over the entire period of our study. Relatively great extent of decrease in the amount of assimilated iron was found at rate of 2,5 t/ha hydrated 
lime. The manganese is absorbed more intensely in the leaves of white wine varieties, and especially in those of Sauvignon Blanc. The lowest manganese 
content is found in leaves of Merlot variety. Liming of soil in terms of this field experiment causes a statistically proven increase in the manganese content in 
foliage of wine grape varieties, included in this study.

Keywords: liming, iron, manganese, foliage, wine grape varieties
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of manganese in the system soil-plant is discussed as in aspect Mn Introduction
to be considered as a nutrient with specific functions in the plant 

3+ body (Enikov and Benevski, 1984; Stanchev et al., 1982; Troeh, Expanded view of the structure of soil acidity refers not only Al , 
1993; Shkolynik, 1974), as well as in terms of its toxicity in acid soils but also manganese and iron to the elements having toxic effect in 
(Dong et al., 1999; Matschonati and Falkengren-Grerup, 2000; acid soils. But while the iron has very limited significance for the 
Daniel et al., 2007; Porter et al., 2004; Shamshuddin et al., 2010; formation of harmful soil acidity in areas of Europe, the interpretation 
Silber et al., 2008; Tyler and Olsson, 2001; Palaveev et al., 1974, of manganese phytotoxicity in acid soils of the temperate climate 
1970, 1972, 1971). In the literature, there are very different views zones is widespread. According to Vozbudskaq (1964), Orlov 
both about the average content of Mn in soils and about its contents (1985), Geering (2005) manganese in the soil can be established as 
in plant biomass. Some authors attribute the differences in water soluble salts, exchangeably absorbed in the composition of 
manganese content to the specific conditions in vineyards, believing soil sorption complex as insoluble oxides and hydroxides and as 
that differences in soil composition are not so significant, as the hardly soluble salts.
overall status of the plant (Albulescu et al., 2009).In case of change of reduction/oxidation conditions in soil, part 

2+ The current work is an attempt to examine the impact of liming of the Mn  slowly turns into insoluble form and gradually mineralizes 
with Ca(OH)  on the iron and manganese content in plant biomass of 2to pyrolusite, hausmannite, manganite or other complex oxides 
vines in fertility from the varieties Sauvignon Blanc, Chardonnay, (Orlov 1985), and these newly formed minerals are mostly in the 
Cabernet Sauvignon and Merlot, planted on Chromic luvisol, form of iron-manganese concretions. Once occurred, the process of 
characterized by low alkaline saturation and presence of acid, easily secondary oxidative mineralization in soil is irreversible, and once 
mobile exchangeable positions throughout the whole depth of soil included in the composition of the newly formed minerals, 
profile, within the limits of root layer of a normally developed vine.manganese comes out of the exchangeable equilibrium of soil 

(Mitev and Gurov, 1973; Nechev and Trendafilov, 1985). A large part 
of manganese is associated with organic compounds in the form of 
complex compounds. In soil solutions with acid reaction only Material and methods
bivalent manganese can be established, which is in dynamic 
equilibrium within the system, sorption organic-mineral complex ↔ Studies are carried out in the conditions of field experiment in 

2+liquid phase (Geering et al., 1992). In its reduced form (Mn ), vineyards located on the lands of Svilengrad and the village of 
manganese shows toxic action in acid soils, only if pH of the medium Mezek. In the conditions of the field experiment conducted by us we 
is low enough. The process of desorption of manganese, its tested the influence of liming with hydrated lime in three increasing 
dynamics and finally its uptaking by the plants depends to very high rates in combination with nitrogen, phosphorus and potassium 
degree on the redox conditions in soil, content, forms and fertilization on the chemical composition of the vines.
oxidisability of organic matter, content of alkaline cations, and The experiment was carried out over three vegetations in 
possibly on all factors relevant to the state and activity of organic- existing vineyards, planted on acid soils which are not limed before. 
mineral soil sorbent (Ilin, 1986; Kaurichev and Orlov, 1982; Mashev The trial was set by the method of long plots and in the distribution of 
and Mirchev, 1989; Mitev and Gurov, 1973). Complicated dynamics 
* e-mail: trendafilovk@mail.bg 
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variants a control was included without liming and fertilizing, a Results and discussion
variant without liming but with combined nitrogen, phosphorus and 
potassium fertilization and three increasing rates of liming with The influence of liming with increasing doses on the content of 
hydrated lime – 1, 2,5 and 5 t/ha. Each of the variants is set in three iron and manganese in the foliage of four vine varieties – 
replications. Different variants are shown in Table 1. Chardonnay, Sauvignon Blanc, Merlot and Cabernet Sauvignon 

The vineyard is planted with row spacing of 2,20m and space was studied. 
between vines 1,10m. The experiment was set after the end of the Trends in assimilation of manganese and iron differ somewhat 
third growing season. All varieties included in the study are planted from those that we established experimentally about the absorption 
on the rootstock Berlandieri X Riparia, Selection Oppenheim 4 of essential macroelements. This is probably due to the best 2(SO4). The area of each experimental plot is 24,2 m  and between expressed correlation between absorption of manganese and iron 
the variants a guard is left with width of one row. The meliorant and and acid conditions in the soil. About the vine, very high tolerance 
phosphorus and potassium fertilizers were incorporated during the against excessive high manganese concentrations is reported 
period August-September. After the application of the lime, soil was (Stanchev et al., 1982). However, it is believed that acid soil 
twice harrowed, ploughed at depth of 22–25 cm, again harrowed, conditions are just one of the numerous factors that influence 
and sub-soiled at depth of 50 cm, in order to achieve the best absorption of manganese by the vines. Particular importance for the 
possible homogenization of the meliorant with the soil in active root absorption of this element, is given both to its content in soil and its 
zone. One month after liming phosphorus and potassium fertilizers ratio to Ca in exchangeable form (Daniel et al., 2007). The 
are applied in the form of triple superphosphate (1,00 t/ha P O ) and 2 5 assimilation of manganese by plants depends both on its solubility 
potassium sulphate (0,60 t/ha K O), respectively, while nitrogen in 2 which is function of pH and directly on the pH of the medium in the 
the form of NH NO  (0,14 t/ha N) is applied in February before the 4 3 soil root zone (Tyler and Olsson, 2001).
next growing season. The greatest amount of iron is absorbed by Cabernet 

The leave samples are taken twice – during the autumn period, Sauvignon. The average for all variants of this variety exceeds by 
15 months after incorporation of the meliorant and at the end of the nearly 50% the iron assimilated by Sauvignon Blanc and by 40% - 
next growing season, i.e. 12 months later. Foliage samples are that of Merlot. The more intensive absorption of iron in Cabernet 
collected from healthy, with no visible damages leaf material as we Sauvignon in comparison to other varieties was established both in 
selected leaves with size, typical for the variety, grown from the main limed and in control (no liming) variants. The other white variety – 
shoots. Vineyard is formed as a bilateral cordon with a height of Chardonnay assimilated 82% on average of the iron absorbed by 
80cm. Vines in the experimental plots have relatively uniform habit Cabernet Sauvignon (Table 2).
and approximately equal number of fruit-producing shoots. Content The dependence between iron absorption and the rate of liming 
of manganese and iron in the vine foliage is determined by AAS after occurs relatively clear at high lime rates – 2,5 and 5,0 t/ha. Thus, in 
dry ashing (BDS EN 14082/03). Chardonnay and Cabernet Sauvignon liming leads to reduction in 

Table 1. Description of variants in the field experiment
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the amount of iron utilized by foliage by 9–12% while in Sauvignon The main trend established in the analysis of manganese in 
Blanc – by about 55%. For the Merlot variety the opposite trend is foliage is that manganese is absorbed more intensively in the leaves 
found – liming increases iron content in foliage, and this trend is of white varieties and mainly in those of Sauvignon Blanc. The 
sustainable and continued through the two years of our research. lowest level of manganese is found in the leaves of Merlot variety. 
Relatively great extent of decrease in the amount of assimilated iron This paradox, can be explained by the following: The initial content of 
was established in application rate of 2,5 t/ha hydrated lime. With easily mobile manganese in the studied soils is low and forms a very 
increasing the lime rate up to 5,0 t/ha, in some varieties, such as small part of the harmful acidity. It is known that the Chromic luvisols 
Cabernet Sauvignon, the amount of the adsorbed iron in foliage in which there are no conditions for water logging and gleying 
increases again, after a decrease was registered a decrease in contains very little manganese in its toxic reduced form (Nechev and 
lower application rates of 1,0 t/ha. This trend is found in both years of Trendafilov, 1985). On the other hand, the soil both before and after 
sampling and the explanation is - a possible physiological reaction, liming is non-calcaric and in principle there is no barrier for 
associated with the mechanism of selective uptake of ions, assimilating manganese as a nutrient, both before and after liming 
depending on their deficit in available form in the soil. with different rates. Liming of the soil combined with balanced 

Table 2. Content of Fe and Mn in air-dried foliage of varieties Chardonnay, Sauvignon Blanc, Merlot and
Cabernet Sauvignon, depending on the rate of liming with hydrated lime
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mineral fertilization in the experiment, leads to increased intensity of and changes of Fe and Mn in gray forest soil. Soil sciences and 
physiological, including oxidation-reduction processes in the plant Agricultural Chemistry, 4.
and, hence, to increased intensity in enzyme synthesis in which the Matschonat G and Falkengren-Grerup U, 2000. Recovery of Soil 
manganese takes part. On this basis, the increased absorption of pH, Cation-exchange Capacity and the Saturation of Exchange 
manganese in the foliage of plants in limed variants can be Sites from Stemflow-induced Soil, Acidification in Three Swedish 
explained. Beech (Fagus sylvatica L.), Forests. Scandinavian Journal of Forest 

Research,15, 39–48.
Mitev H and Gurov G, 1973. The manganese in pseudopodzolic 
soils in Bulgaria, Agricultural University, Plovdiv, ХХІІ,3 (Bg).

Conclusion Nechev H and Trendafilov K, 1985. Composition and properties of 
iron-manganese concretions from pseudopodzolic soils in Bulgaria 

Liming of soil in conditions of the experiment, leads to increase (Bg).
in manganese content in vine foliage. There is a clearly pronounced Orlov D, 1985. Chemistry of soil, Moscow (Ru).
difference in the absorption of iron and manganese, between the Palaveev T, Kitipov A and Bachvarova I, 1971. Physiological 
white and red wine varieties. disorder of tobacco "Barakovska chernilka" the question of its 

Application of hydrated lime as meliorant combined with distribution. Soil Sciences and Agricultural Chemistry, 6.
balanced mineral fertilization leads to increased intensity of Palaveev T, Kitipov A, Bachvarova I, Stoyanov D, Patarinski N 
physiological, including oxidation-reduction processes in the plant and Ikonomova E, 1972. Physiological diseases and disorders of 
and, hence, to increased intensity in enzyme synthesis in which the nutrition in tobacco areas. Soil Sciences and Agricultural 
manganese takes part. Chemistry,4.

Palaveev T, Kitipov A and Ikonomova E, 1970. Examination on the 
impact of manganese in relation to the physiological condition of 
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